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SAFETY AND EFFICACY OF CO-ADMINISTERED
DIETHYLCARBAMZINE, ALBENDAZOLE AND IVERMECTION
DURING MASS DRUG ADMINISTRATION FOR LYMPHATIC
FILARIASIS IN HAITI

Christine Dubray’, Anita D. Sircar’, Madsen Beau de Rochars?,
Joshua Bogus?, Abdel N. Direny#, Jean R. Ernests, Carl R. Fayette®,
Katiuscia O'Brians, Guy E. Pavilus®, Daniel F. Sabin®, Ryan E.
Wiegand', Gary J. Weil’, Jean F. Lemoine?

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
2University of Florida, Gainesville, FL, United States, *Washington University
in St. Louis, St. Louis, MO, United States, “RTI International, Washington,
DC, United States, *IMA World Health, Port-au-Prince, Haiti, ®Washington
University in St. Louis, St. Louis, MO, United States, “Washington University
in St, Louis, St. Louis, MO, United States, ®Ministry of Public Health and
Population, Port-au-Prince, Haiti

Efficacy studies have shown that a single co-administered dose of
diethylcarbamazine (DEC), albendazole (ALB) and ivermectin (IVM)

is more effective eliminating Wuchereria bancrofti microfilariae (Mf)

from the blood than DEC and ALB, which is currently used for mass

drug administration (MDA). In Haiti, 23 communes still require MDA to
eliminate lymphatic filariasis (LF) as a public health problem. In a clinical
trial, we compared the safety and efficacy of a single dose of IVM (200
ug/kg) + DEC (6 mg/kg) + ALB (400 mg) vs. a single dose of DEC (6 mg/
kg) +ALB (400 mg) administered to participants > 5 years of age during
an MDA in Haiti. Ten localities were randomized into two treatment arms.
Participants were monitored for adverse events (AE), parasite antigenemia,
and Mf. Antigen positive participants were tested for Mf and included a
year later in an efficacy study. Overall, 3007 participants were included

in the 3-drug arm and 3009 in the 2-drug arm. Fewer participants in the
3-drug arm (10.6%, 321/3007) experienced at least one AE compared

to the 2-drug arm (16.3%, 491/3009, p<0.001). In both arms, most AEs
were mild and consisted of headaches, dizziness and abdominal pain.
Three participants included in the 2-drug arm developed serious AE that
resolved within 48 hours. Before treatment, 8.0% (240/3006) of the
participants in the 3-drug arm and 11.5% (346/3005, p<0.001) in the
2-drug arm were antigen positive. Of those, 17.6% (42/239) in the 3-drug
arm and 21.5% (73/340, p=0.25) in the 2-drug arm were Mf positive. One
year after treatment, 5.5% of the participants initially Mf positive in the
3-drug arm were still microfilaremic compared to 23.7% (p=0.02) in the
2-drug arm. Antigenemia persisted in 79.1% (159/201) of the participants
tested in the 3-drug compared to 76.4% (217/291, p=0.24 in the 2-drug
arm. In conclusion, the 3-drug therapy was more effective in eliminating
Mf from the blood and fewer AEs were reported in the 3-drug arm than
in the 2-drug arm during the study in Haiti. Effective MDA coverage with
3-drug therapy could accelerate the elimination of LF as a public health
problem in the 23 communes still requiring MDA in Haiti.

FIRST COHORT STUDY TO INVESTIGATE THE ASSOCIATION
BETWEEN ONCHOCERCIASIS AND EPILEPSY PROVIDES
STRONG EVIDENCE FOR A CAUSAL RELATIONSHIP

Cédric B. Chesnais’, Hugues C. Nana-Djeunga?, Alfred K.
Njamnshi®, Anne-Cécile Zoung-Kanyi Bissek?, Joseph Kamgno®,
Robert Colebunders®, Michel Boussinesq’

"UMI 233 IRD — U1175 INSERM - Université de Montpellier, Montpellier,
France, ?Centre for Research on Filariasis and other Tropical Diseases,
Yaoundé, Cameroon, *Neurology Department, Central Hospital/Faculty of
Medicine & Biomedical Sciences, The University of Yaoundé |, FMBS-UY],
Yaoundé, Cameroon, Brain Research Africa Initiative, BRAIN, Yaoundé,
Cameroon, “Dermatology Department, Chantal Biya Mother-Child Center/
Ministry of Public Health/FMBS-UYI, Yaoundé, Cameroon, *Centre

for Research on Filariasis and other Tropical Diseases,; Public Health
Department, Faculty of Medicine and Biomedical Sciences, University of

Yaoundé I, Yaoundé, Cameroon, °Global Health Institute, University of
Antwerp, Antwerp, Belgium

Previous meta-analyses on the relationship between onchocerciasis and
epilepsy suggested that the two conditions are closely associated both

at community and individual level. To tackle criticisms about the fact

that these studies were cross-sectional, and that confounding factors
might explain the relationship, we conducted a prospective cohort study
to assess the incidence of epilepsy according to the initial Onchocerca
volvulus microfilarial density (Ov-MFD). The study was conducted in the
Mbam valley (Cameroon) where Ov MFD was measured in 1991-1993 in
children by examination of skin snips. In 2017, seven villages with variable
initial community microfilarial loads (CMFL) were revisited to gather
information on the 858 children aged 5-10 years who had been examined
in these communities in 1991-1993. Information on the occurrence of
epilepsy between the initial parasitological survey and 2017 was collected
from the subjects themselves or from their relatives, using a standardized
"5-questions” questionnaire. Data on the history of epilepsy could be
obtained from 85.2% of the 858 targeted subjects. In 2017, the overall
incidence rate of epilepsy in the cohort subjects was 350 per 100,000
persons-years. Multivariable analyses taking into account age, sex, initial
individual Ov-MFD, and initial CMFL in the village of residence, were
performed. Using the individuals who had no Ov microfilariae (mf) in their
skin in 1991-1993 as the reference group, the relative risks of having
developed an epilepsy were 7.07, 11.26, 12.90, 20.00, 22.58, and 28.50
in subjects with initial Ov-MFD of 1-5, 6-20, 21-50, 51-100, 101-200,
and >200 mf/skin snip, respectively. Individual Ov MFD at childhood was
found to be strongly associated with the risk of developing subsequently
epilepsy. This study adds a temporal dimension and demonstrates a dose-
response effect supporting a causal relationship between onchocerciasis
and epilepsy.

THE BURDEN OF SKIN DISEASE AND EYE DISEASE DUE TO
ONCHOCERCIASIS IN AFRICA FOR 2015 AND 2025

Natalie V. Vinkeles Melchers’, Wilma A. Stolk’, Jan H. Remme?,
Michele E. Murdoch?, Belén Pedrique®, Roel Bakker?, Sake J. de
Vlas', Luc E. Coffeng’

"Erasmus MC, University Medical Center Rotterdam, Rotterdam,
Netherlands, 2120 rue des Campanules, Ornex, France, *Department of
Dermatology, Watford General Hospital, Watford, Hertfordshire, United
Kingdom, “Drugs for Neglected Diseases initiative (DNDi), Geneva,
Switzerland

Onchocerciasis is now targeted for elimination through ivermectin mass
drug treatment (MDA), after long-term morbidity control by the African
Programme for Onchocerciasis Control (APOC: 1995-2015). Here we
assess how this affected the prevalence and associated disease burden
for 2015 and will affect that for 2025. We used the expanded disease
framework within the individual-based mathematical model ONCHOSIM
to estimate the prevalence of various onchocerciasis-associated clinical
manifestations, focusing on onchocercal skin disease (OSD: severe itch,
reactive skin disease (RSD), hanging groin, atrophy, and depigmentation)
and onchocercal ocular disease (OOD: visual impairment, blindness). The
model was quantified by reproducing pre-control associations between
prevalence of disease and infection and age patterns. The distribution of
pre-control mean mf prevalence per APOC administrative area (“project”)
was extracted from a published pixel-level onchocerciasis infection map.
We simulated trends in prevalence of manifestations for various mf
prevalences in 157 projects, accounting for project-level treatment history.
Numbers of cases and disability-adjusted life years (DALYs) lost due to
onchocerciasis were then calculated for each clinical manifestation per
APOC project, each time point, and stratified by age, sex, and endemicity.
The total number of cases with any type of OSD was estimated to be
approximately 3,110,000 for 2015 (335,900 DALYs), and 370,500 for
2025 (40,000 DALYs). The total number of cases with vision loss was
estimated to be approximately 234,700 for 2015 (18,500 DALYs), and
51,700 for 2025 (2,900 DALYs). Out of all OSD cases in 2025, 15% from a
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chronic disease, and 85% from an acute clinical manifestation (i.e. severe
itch, RSD). By 2025, vision loss remains mainly a problem for savanna areas
(96% of all vision loss). By 2025, most of the onchocerciasis burden is
expected to be in areas of DRC and Nigeria (39% of total DALYs). These
areas might benefit most from alternative strategies or more efficient
targeting of patient-based treatments, given the limited human and
financial resources available.

LYMPHATIC FILARIASIS ELIMINATION IN AMERICAN SAMOA
- HOUSEHOLD CLUSTERING OF SEROPOSITIVE PERSONS
AND IMPLICATIONS FOR SURVEILLANCE STRATEGIES

Colleen L. Lau', Meru Sheel', Sarah Sheridan’, Katherine Gass?,
Kimberly Y. Won?, Saipale Fuimaono?, Patricia M. Graves®

'Research School of Population Health, The Australian National University,
Canberra, Australia, ?Neglected Tropical Diseases Support Center, The

Task Force for Global Health, Decatur, GA, United States, *Centers for
Disease Control and Prevention, Division of Parasitic Diseases and Malaria,
Atlanta, GA, United States, “American Samoa Department of Health, Pago
Pago, American Samoa, *College of Public Health, Medical and Veterinary
Sciences, James Cook University, Cairns, Australia

Under the Global Programme to Eliminate Lymphatic Filariasis, American
Samoa made significant progress toward interrupting transmission

of lymphatic filariasis (LF) by conducting seven rounds of mass drug
administration (MDA) from 2000-2006, and passing WHO recommended
Transmission Assessment Surveys (TAS) of Grade 1 & 2 school children in
2011 & 2015. As antigen (Ag) prevalence drops to very low levels at the
end stages of elimination efforts, detection of residual infected persons
and/or Foci of ongoing transmission becomes increasingly challenging.
WHO has therefore highlighted the need for cost-effective and innovative
post-MDA surveillance strategies for identifying residual infections and
high-risk groups. In 2016, we conducted a TAS of Grade 1 & 2 (mostly
6-7 year old) school children in American Samoa, in parallel with a

cluster survey of community members aged >8 years in 30 villages. To
determine if household members of Ag-positive school children were a
high-risk group, and therefore a potential focus for targeted surveillance,
we compared Ag prevelance in household members aged >8 years with
results from the community survey. The Alere Filariasis Test Strip™ was
used to detect circulating filarial Ag. Of 1143 school children and 2507
participants in the community survey, 9 (0.8%, 95% Cl 0.4-1.5%) and
102 (4.1%, 95% Cl 3.3-4.9%) were Ag-positive, respectively. Of the 65
eligible household members, 58 (89%) were tested and 12 (20.7%, 95%
Cl 11.2-33.4%) were Ag-positive; Ag-positive household members were
identified in 5 (55.6%) of the 9 households. Our findings indicate that
household members of Ag-positive school children have a significantly
higher Ag prevalence than the general community (chi? test, p<0.001) and
should be considered for targeted surveillance. Considering the significant
household-level clustering and the highly focal nature of LF transmission,
future studies should explore the utility of snowball sampling of household
members and near neighbours of Ag-positive persons, including those
identified through opportunistic surveillance strategies such screening
programs at work sites or health clinics.

RIVER BLINDNESS IN TOGO: PERFORMANCE OF THE OV-16
RAPID DIAGNOSTIC TEST AND THE ELISA IN PREVIOUSLY
HYPERENDEMIC FOCI

Eugene W. Liu', Paul Cantey', Koffi Padjoudoum?, Telou Gado?,
Joseph Rubagumya', Rachel Bronzan?, Michel G. Datagni4,
Nicholas Ayebazibwe®, Danaya Bethea', Guillherme Ogawa',
Vitaliano Cama'

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
2Togo Onchocerciasis Control Program (PNLO), Kara, Togo, *Health and
Development International, Newburyport, MA, United States, “Health

and Development International, Lome, Togo, *African Field Epidemiology
Network, Kampala, Uganda

Decisions to stop mass drug administration (MDA) to eliminate
onchocerciasis are based on evidence of interruption of parasite
transmission, such as absence of antibody to Ov-16 in children. In 2014,
a rapid diagnostic test (RDT), became commercially available that can be
performed in the field using blood from a finger prick and can provide
real-time results, compared to the currently accepted enzyme-linked
immunosorbent assay (ELISA). Here we compare performance of the RDT
to ELISA in two previously hyperendemic districts in Togo that underwent
>20 years of MDA. In each selected village in Kozah and Yoto districts,
we randomly sampled households. For each household, we selected 1
individual from <5, 6-10, 11-15, 16-20, and >21 year-old age groups,
with a goal of obtaining 200 individuals per age group in each district.
All participants provided blood specimens tested for Ov16 antibody by
RDT (SD Bioline) and ELISA (CDC protocol). We adjusted seroprevalence
estimates with sampling weights accounting for non-response and
numbers of individuals by age group per household. We enrolled 1015
participants in Kozah and 980 in Yoto. The adjusted proportion of
seropositive participants i n the youngest three age groups (0-15 years
old) ranged from 0-1% by RDT and 0-7% by ELISA in Kozah and 0-2% by
RDT and 0-3% by ELISA in Yoto. In the two oldest age groups, respective
proportions were 1% and 9% by RDT, 4% and 28% by ELISA in Kozah;
5% and 9% by RDT, 7% and 22% by ELISA in Yoto. The overall adjusted
proportion positive was 3.0% (95% confidence interval [CI] 0.7-5.3%)
by RDT and 10.5% (95% Cl 6.8-14.2%) by ELISA in Kozah and 4.8%
(95% Cl2.0-7.7%) by RDT and 11.1% (95% Cl 7.1-15.2%) by ELISA

in Yoto. Thus, RDT sensitivity ranged from 28.6% to 43.2% in various
age groups. We observed lower estimated seroprevalence using RDTs
compared to ELISA, suggesting that the RDT may under-detect the number
of individuals with exposure to Onchocerca volvulus in low prevalence
settings. Negative results by RDT would need to be confirmed by ELISA or
sample sizes would need to be substantially increased to compensate for
the low sensitivity in these settings.

DETECTION OF LYMPHATIC FILARIASIS ELIMINATION
THRESHOLDS IN PAPUA NEW GUINEA

Daniel J. Tisch', Brooke Mancuso’, Estee Cramer’, Nellie Sunuku?,
Samson Satofan?, Philip Lus?, Kazura W. James', Christopher L.
King', Peter A. Zimmerman'

'Case Western Reserve University, Cleveland, OH, United States, °PNG
Institute for Medlical Research, Maprik, Papua New Guinea

This study was designed to evaluate human markers of lymphatic filariasis
infection and transmission in 14 communities in East Sepik Province of
Papua New Guinea during a period when transmission was expected

to cease. The site had received 5 rounds of mass drug administration
(MDA) in the 1990’s, vector control with insecticidal bednets from 2008
to present, and renewed MDA starting in 2015. This study collected
finger prick blood samples between 10pm and 2am before and after
annual MDA from 2015 to 2018. Samples were processed for microscopy
to detect circulating microfilaria (MF) and serological assays. The site

was characterized by western communities with historically higher
entomological indicators of transmission and eastern communities with
lower transmission (and mathematically predicted to achieve transmission
cessation). MF prevalence decreased from 18.0% to 8.1% and 2.0% after
one and two MDAs in western communities and from 1.4% to 0.8% and
0.4% in the eastern communities. Among the 56 MF-positive individuals
followed longitudinally, 22 and 48 converted to MF-negative after one
MDA and two MDAs, and only one individual followed longitudinally
converted to MF positive after receiving MDA. An additional 10 MF-
positive individuals were detected in annual surveys following the start

of community-wide MDA. Only one sentinel-age child (<10 years of age)
remained MF positive after two MDAS. However, antigen prevalence
detected by Filarial Test Strips (FTS) remained high across the study site
with 40.6% FTS positive in western communities and 7.4% positive in

astmh.org



eastern communities. Furthermore, 63.4% and 26.9 % of the FTs positive
individuals exhibited moderate (>1+) and 26.9%high antigenemia (3+)
on the semi-quantitative value of FTS result. These results suggest that
elimination targets based on epidemiological criteria of MDA success

(< 1% microfilaremia or < 2% antigenemia) have not yet been met
across this study site. Additional serological assays (BM14, WB123, and
0g4(C3) are currently being processed to decipher markers of exposure
and infection across these subpopulations before and during this MDA
program.

TIME FOR DIAGNOSTIC TOOLS THAT ACCURATELY
DETECT ONCHOCERCA VOLVULUS IN ONCHOCERCIASIS
ELIMINATION PROGRAMS IS NOW

Moses Katabarwa', Peace Habomugisha?, Annet Khainza?,
Edson Byamukama?, David Oguttu?, Christine Nahabwe?, Monica
Ngabirano?, Paul Akampurira?, Christopher Katongole?, Edridah
Tukahebwa?, Lauri Hudson-Davis?, Thomas Unnasch4, Frank
Richards’

"The Carter Center, Atlanta, GA, United States, “The Carter Center,
Kampala, Uganda, *The Carter Center, Atlanta, Uganda, “Department
of Global Health, College of Public Health, University of South Florida,
Tampa, FL, United States

Simulium fly dissections is still being used as a method of determining
infection and infective rates of Onchocerca volvulus. However, these
same Simulium vectors are likely to be infected with other domestic or
wild animals Onchocerca species such as O. ochengi or O. ochengi ‘Siisa’
type in cattle, and O. ramachandrini in Warthogs as demonstrated by
Unnasch (2017) in a study in northern Uganda. Dissections can therefore
lead to overestimation of O. volvulus in Simulium flies. For this reason,
entomological assessment in the 2016 WHO guidelines for verification of
onchocerciasis elimination require the use of specific O-150 polymerized
chain reaction (PCR) tests for O. volvulus. The national onchocerciasis
elimination program in Uganda used Simulium dissections in parallel with
PCR in Kiryandongo District, Uganda. This gave us an opportunity to
compare those results, together with and OV16 ELISA data from the same
areas. A total of 830 Simulium flies from two fly collection sites along

the River Nile were collected. Dissection results showed a parous rate of
45% (374), and an infection rate among the parous flies of 7 % (infective
rate, 6%) indicating a very high transmission rate of onchocerciasis.
However, PCR (20 pools, 200 flies) was negative (upper bound of the 95%
Cl1'1.9/2000 flies carrying L3). Dry blood spots (DBS) from 3,302 young
children analyzed with OV 16 were also negative. We concluded that

the positive results from dissected flies were likely of Onchocerca species
associated with domestic or wild animals. In the current elimination era, it
is imperative to apply diagnostic tools that accurately detect Onchocerca
volvulus. This calls for endemic countries to establish means for serological
and PCR testing for accurate verification of onchocerciasis elimination.

SPECIFIC GUT MICROBIAL PROFILES ARE ASSOCIATED WITH
ROBUST IMMUNE RESPONSES TO KILLED, WHOLE-CELL
CHOLERA VACCINE

Ana A. Weil', Taufig R. Bhuiyan?, Meti D. Debela’, Fahima
Chowdhury?, Ashraful Khan?, Edward T. Ryan', Regina C.
LaRocque’, Jason B. Harris', Firdausi Qadri?

'Massachusetts General Hospital, Boston, MA, United States, ?International
Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

Killed, whole-cell cholera vaccines elicit immune responses of variable
amplitude and kinetics. Limited data suggests that the gut microbiome
may explain variation to mucosal vaccine responses. To evaluate for this
interaction in an endemic area, we used 16S rRNA sequencing of stool
and serum vibriocidal titers to examine the gut microbiome and immune
responses to vaccination at day 0, 7, 17 and 44 in adult vaccine recipients

3

in Dhaka, Bangladesh. Vibriocidal titer magnitude and kinetics were used
to classify participants. Gut microbial diversity and bacterial phylogenetic
groups were not significantly changed after vaccination. Within 17 days
of vaccination, 86/89 (96%) adults developed a 4-fold rise in vibriocidal
titer. The speed to seroconversion (fourfold increase in vibriocidal titer by
day 3 after vaccination) was correlated to individuals with greater bacteria
from the genus Prevotella (multivariate analysis using linear models,

g value 0.04). The gut microbiome of participants with higher peak
vibriocidal titers was characterized by increased Prevotella (3% vs <0.1%
of the total microbiome, p<0.001 unpaired t test, linear discriminant
analysis score >3.5), particularly the species Prevotella copri (p<0.001,
unpaired t test, linear discriminant analysis score >3.5). In animal models,
lipopolysaccharide from mucosally derived Prevotella species have been
found to increase vaccination-associated antigen-specific antibody titers
and influence antigen specific CD4 T cell clonal expansion. The biological
interaction between mucosal vaccines and the gut microbiota, and
potential modulation of immune responses, warrants further study.

LONG-TERM EFFECTIVENESS OF KILLED BIVALENT WHOLE
CELL ORAL CHOLERA VACCINE IN HAITI - FOUR YEAR DATA

Molly Franke', Ralph Ternier?, J Gregory Jerome?, Wilfredo Matias?,
Jason B. Harris®, Louise C. Ivers*

"Harvard Medlical School, Boston, MA, United States, °Zanmi Lasante,
Port-au-Prince, Haiti, Brigham and Women's Hospital, Boston, MA, United
States, “Massachusetts General Hospital, Boston, MA, United States

The two long-term efficacy trials of vaccination with a killed oral cholera
vaccine (OCV) reported conflicting results. In addition, no study of long-
term protection following killed OCV has been conducted outside of

the historically cholera-endemic areas of South Asia. Gavi, the vaccine
alliance has evaluated the investment case for OCV based on a need to
revaccinate after two years. We examined the duration of protection of
the standard two-dose regimen and a single-dose regimen up to four
years following vaccination with OCV in Haiti. In the setting of two-dose
vaccination campaigns with a killed bivalent whole cell (BivWC) OCV, we
conducted a case-control study from October 2012 through November
2016. Cholera cases had a positive stool culture and were recruited from
cholera treatment centers. Community controls were matched to cases
by age group, time, and neighborhood. We conducted adjusted matched
regression analyses to calculate vaccine effectiveness and examine
heterogeneity in effectiveness over time. In analyses including 178 cases
and 706 controls, we found no evidence that two-dose effectiveness
decreased during follow-up. In adjusted analyses, the average cumulative
four-year effectiveness for two doses was 76% [95% Cl: 59% to 86%].
In contrast, single-dose effectiveness decreased over time in a log-linear
fashion, with a predicted vaccine effectiveness of 79% at the end of 12
months [95% Cl: 43% to 93%], which declined to zero before the end of
the second year. In a setting of epidemic and newly endemic cholera, we
found consistent, lasting protection with two doses of BivwC OCV up to
four years post-vaccination, supporting its critical role in a comprehensive
public health response to cholera, and suggesting that vaccine investment
analyses should longer duration of protection in cost-effectiveness
analyses.

PROJECTING THE HEALTH IMPACT AND COST-EFFECTIVENESS
OF ORAL CHOLERA VACCINE INTRODUCTION IN AFRICA

Elizabeth C. Lee’, Andrew S. Azman', Joshua Kaminsky', Sean
M. Moore?, Heather McKay', Justin Lessler!

"Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United
States, 2University of Notre Dame, Notre Dame, IN, United States

The World Health Organization’s Global Task Force on Cholera Control
(GTFCC) declared a commitment to reduce worldwide cholera deaths by
90% by 2030. The proposed Global Roadmap presents a multi-sectoral
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strategy for intervening in cholera transmission hotspots with water
sanitation and hygiene (WaSH), improvements to infrastructure and
surveillance, community engagement, and routine mass oral cholera
vaccine (OCV) campaigns. Building upon previously published high-
resolution maps of cholera incidence, we projected the potential impact
and cost-effectiveness of multiple OCV vaccination campaign targeting
strategies in 43 countries in sub-Saharan Africa from 2018-2030. Realistic
strategies targeted high incidence districts every three years with estimates
of global vaccine availability based on forecasts from manufacturers and
recent trends; best- and worst-case targeting strategies (targeting high
incidence 20x20 km grid cells and no targeting, respectively) were also
performed to demonstrate the upper and lower limits of impact. We

then estimated the averted cases, deaths, disability-adjusted life-years,
and cost-effectiveness of each strategy using phenomenological models
that account for the direct and indirect vaccine effects and population
projections over time. Sensitivity analyses for baseline cholera incidence
projections, vaccine effectiveness and waning immunity, and frequency

of campaigns in a given location were used to identify the factors most
important for health impact. In models with 23-58 million vaccines
available annually, we found that an untargeted strategy performed barely
better than a model without vaccination. On the other hand, strategies
targeting high incidence districts may avert 344,000-366,000 cholera
cases from 2018-2030, representing 25-43% of the impact of the optimal,
yet impractical, best-case targeting strategy. Averting a single cholera case
with this strategy required 650-750 individuals to be fully vaccinated. Our
findings may inform policy characterizing the health impact and cost-
effectiveness of cholera interventions in advance of implementation.

IMPACT OF CD4 T CELL RESPONSES ON CLINICAL OUTCOME
IN A HUMAN CHALLENGE MODEL OF VIBRIO CHOLERAE

Monica A. McArthur, Mark E. Rudolph, Wilbur H. Chen, Marcelo
B. Sztein

University of Maryland-Baltimore, Baltimore, MD, United States

Vibrio cholerae (V. cholerae) is the causative agent of cholera and remains
a significant public health threat resulting in an estimated 1.3 to 4 million
cases of diarrhea and greater than 100,000 deaths annually. Furthermore,
cholera can occur in large, explosive outbreaks and pandemics resulting
in considerable strain on health systems. Although there are vaccines
licensed to combat cholera, including Vaxchora in the US, there remains
limited information regarding the immunological mechanisms by which
they confer protection. Due to the non-invasive nature of this pathogen,
antibodies are presumed to be a major determinant of protection.
However, the T cell responses that are associated with providing B

cell "help” and inducing long-term humoral responses have not been
explored. Using peripheral blood mononuclear cells (PBMC) from
volunteers immunized with Vaxchora and/or challenged with wild-type

V. cholerae, we have investigated the potential role of CD4 T cells, in
particular circulating T follicular helper cells (cT,), in clinical outcome. We
identified the presence of activated cT, (expressing the activation molecule
CD154 and/or producing IL-2) with gut-homing potential (expressing
integrin a4p7) prior to immunization. Moreover, higher percentages of V.
cholerae-responsive cT,, with gut-homing potential prior to immunization
were associated with lower cumulative stool output following challenge.
We further demonstrate that volunteers who did not develop moderate-
to-severe cholera diarrhea had significantly higher production of IL-2

by both gut-homing cT,, and CD4 T effector memory cells (T,,,) prior

to challenge. In conclusion, these results indicate a likely role for cT,,
particularly those with gut-homing potential, in the induction of protection
against moderate-to-severe cholera diarrhea.

HUMANS RECOVERING FROM CHOLERA IN BANGLADESH
DEVELOP ANTIBODIES AGAINST THE O-SPECIFIC
POLYSACCHARIDE (OSP) OF VIBRIO CHOLERAE O1 THAT
INHIBIT V. CHOLERAE MOTILITY: A POSSIBLE MECHANISM
OF PROTECTION AGAINST CHOLERA

RC Charles', M. Kelly', JM Tam', A. Akter?, M. Hossain?, K. Islam?,
F. Chowdhury?, Ai Khan?, DT Leung?, A. Weil', RC LaRocque’, Tr
Bhuiyan?, A. Rahman?, LM Mayo-Smith’, J. Viyas', M. Waldor4, P.
Kovaks, P. Xus, SB Calderwood', RC Kauffmané, J. Wrammerts, F.
Qadri?, JB Harris', Edward T. Ryan'

'Massachusetts General Hospital - Harvard University, Boston, MA, United
States, 2International Centre for Diarrhoeal Disease Research, Bangladesh,
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“Harvard Medical School, Boston, MA, United States, °NIDDK, LBC,
National Institutes of Health, Bethesda, MD, United States, ®Emory Vaccine
Center, Emory University School of Medicine, Atlanta, GA, United States

The mechanism of protection against cholera afforded by previous

illness or vaccination is currently unknown. We have recently shown that
antibody responses targeting the O-specific polysaccharide (OSP) of V.
cholerae correlate highly with protection against cholera. V. cholerae is

a motile bacterium that has a single polar flagellum, and motility of V.
cholerae highly correlates with virulence. The V. cholerae flagellum is
sheathed and therefore covered by OSP. We hypothesize that protection
against cholera may be mediated by anti-OSP antibodies that inhibit V.
cholerae motility. To address this, we purified IgG, IgA, and IgM fractions
from 10 humans recovering from cholera in Bangladesh. We also analyzed
human monoclonal anti-OSP antibodies recovered from plasmablasts of
patients with cholera. We characterized these fractions and antibodies

for anti-OSP, vibriocidal, and agglutinating activity. Using high-speed
video microscopy, we showed that at subagglutinating and agglutinating
antibody concentrations that these antibodies impede V. cholerae motility,
that this effect is blocked by adsorbing convalescent sera with purified
OSP, and that Fab fragments of these antibodies did not affect V. cholerae
motility, suggesting a requirement for antibody mediated crosslinking in
antimotility action. Using in vivo competitive index studies in mice and

a motile rough V. cholerae mutant lacking OSP, as well as a non-motile

V. cholerae mutant expressing OSP, we showed that antibodies impeded
survival of V. cholerae in vivo, and that this impact was OSP- and motility-
dependent. These results are the first to show that humans recovering
from cholera develop an antibody response that blocks V. cholerae motility.
Since V. cholerae motility is required for virulence, our results strongly
suggest a mechanism of protection against cholera.

EPIDEMIOLOGY OF CHOLERA IN ZANZIBAR: IMPLICATIONS
FOR THE ZANZIBAR CHOLERA CONTROL AND ELIMINATION
PLAN

Qifang Bi', Fadhil M. Abdalla?, Salma Masauni?, Rita Reyburn3,
Marko Msambazi¢, Carole Deglise®, Lorenz von Seidleins,
Jacqueline Deen’, Mohamed Saleh Jiddawi?, David Olsong, Justin
Lessler', Grace Saguti®, Iriya Nemes®, Jamala Adam Taib?, Ghirmay
Redae Andemichael™, Andrew S. Azman'

"Johns Hopkins Bloomberg School of Public Health, Baltimore, MD,

United States, ?Zanzibar Ministry of Health, Zanzibar, United Republic of
Tanzania, *Pneumococcal Research, Murdoch Children’s Research Institute,
Melbourne, Australia, “UNICEF, Zanzibar, United Republic of Tanzania,
>Médecins Sans Frontieres, Geneva, Switzerland, ®Mahidol-Oxford Tropical
Medlcine Research Unit, Faculty of Tropical Medicine, Mahidol University,
Bangkok, Thailand, ’Institute of Child Health and Human Development,
National Institutes of Health, University of the Philippines, Manila,
Philippines, éWorld Health Organization, Geneva, Switzerland, *World
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Zanzibar is a semi-autonomous region of the United Republic of Tanzania
consisting of two main islands, Unguja and Pemba. Frequent cholera
epidemics pose a major threat to Zanzibar’s economic development since
at least 1978 and have repeatedly disrupted local public health services.
To inform a multi-sectoral cholera elimination plan currently under
development, we summarize the epidemiology of cholera in Zanzibar from
1997 to 2017 using detailed epidemiologic, environmental, and social
data. From 1997 to 2017, 11,921 suspected cholera cases were reported
across 87% of Zanzibar's shehias representing an average incidence rate of
4.4 per 10,000/year. The geographic distribution of cases across outbreaks
was highly variable although a number of high-burden areas were
identified. We found that on both islands, relative risk of cholera infection
in a single outbreak was poorly correlated with the average relative risk
across all other outbreaks (0.13 in Unguja and 0.18 in Pemba), making it
difficult to target cholera control activities on the neighborhood level. If
shehias are sequentially targeted based on historic cumulative incidence,
targeting just 4.7% (IQR 1.6-10.5 in hold-out analyses) of Pemba’s
population living in 4 (IQR 2-11) shehias with an ideal cholera prevention
package could avert 50% of future cases. However, 20.8% (IQR 15.5-
24.6) of Unguja’s population coming from 36 (IQR 20-36) shehias would
need to be perfectly targeted in order to avert 50% of future cases on

the island. Using flexible regression models, we found that outbreaks
were highly seasonal, providing a clear window for annual preparedness
activities. The risk of reporting cases at the start of two rainy periods in
May and December was 2.6 times (95% Cl 1.6-4.1) and 1.8 times (95%
Cl 1.1-3.0) higher than the mean risk throughout the year. Rainfall in

the previous seven days had a significant positive relationship with daily
reproductive number on both islands.

BIOMARKERS OF ENVIRONMENTAL ENTEROPATHY
ASSOCIATE WITH IMMUNOGENICITY OF THE BIVALENT
ORAL CHOLERA VACCINE IN HAITIAN CHILDREN

Brie W. Falkard', Kerling Israel?, Richelle Charles', Molly Franke?,
Jason Harris?, Louise Ivers'

'Massachusetts General Hospital, Boston, MA, United States, 2Zanmi
Lasante, Hopital St Nicholas, St Marc, Haiti, *Harvard Medical School,
Boston, MA, United States

Environmental enteropathy (EE) is a condition that is prevalent among
children in low-income countries with chronic exposure to intestinal
pathogens due to poor sanitation and water security. The disorder

refers to inflammation and structural changes of the gut, leading to
intestinal permeability and lack of nutrient absorption. The presence

of EE in children associates with lower immunogenicity of the oral

polio and rotavirus vaccines. Currently, a lack of interventions and non-
invasive diagnostic tests limits our understanding and treatment of this
condition. To determine whether there is an association between EE and
immunogenicity of the bivalent whole cell oral cholera vaccine ((BivwQ)),
Shanchol, we examined a cohort of 98 Haitian children who received two
doses of BivWC 14 days apart. We measured plasma antibody responses
to cholera antigens at baseline and 7 days after each dose. We measured
the following EE markers at baseline (Day 0): plasma C-reactive protein
(CRP), alpha-1-acid glycoprotein (AGP), ferritin, soluble CD14 (sCD14),
intestinal fatty acid binding protein (I-FABP) and endotoxin-core antibody
(EndoCAb). Through a multivariate linear regression analysis, we identified
associations between vibriocidal antibody titer after vaccination to markers
of EE. Age and blood-type O were included in the model as possible
confounders. There was no collinearity between the EE markers. We found
significant associations between markers for EE to vibriocidal fold change
after vaccination; Vibriocidal Inaba D21-AGP (P=0.002); Vibriocidal Ogawa
D21- AGP (P=0.04); Vibriocidal Ogawa D21- CD14 (P=0.04); Vibriocidal
Ogawa D21- Ferritin (P=0.03). Our findings suggest that EE impacts the
immunogenicity of the BivWC oral cholera vaccine.

ENDOTOXIN AT THE MATERNAL-FETAL INTERFACE IS
ASSOCIATED WITH ELEVATED EXPRESSION OF TISSUE
INHIBITOR OF METALLOPROTEINASES

Emily A. McDonald', Zorimel Vargas', Palmera I. Baltazar?,
Remigio Olveda?, Luz P. Acosta?, Veronica Tallo?, Jonathan D.
Kurtis?, Jennifer F. Friedman’

'Rhode Island Hospital, Providence, Rl, United States, “Research Institute
of Tropical Medicine and Hygiene, Manila, Philippines, *Brown University,
Providence, RI, United States

Tightly regulated invasion of trophoblast cells into maternal decidua is
essential for normal placentation in humans. We have previously shown
trophoblasts to be responsive to schistosome egg antigen, demonstrating
increased cytokine production and decreased invasion rates. We have also
demonstrated that schistosomiasis is associated with elevated endotoxin
at the maternal-fetal interface (MFI). We hypothesized that expression

of proteins involved in extracellular matrix remodeling, namely tissue
inhibitor of metalloproteinases (TIMPs) may be reduced at the MFI when
complicated by schistosomiasis. Herein, we utilized samples from pregnant
women who participated in a trial designed to evaluate the safety of
praziquantel treatment during pregnancy. All women were positive for

S. japonicum at enrollment and randomized to receive praziquantel or
placebo. We examined levels of endotoxin, cytokines and TIMPs in blood
from the MFI taken immediately following placental bed biopsy. Neither
praziquantel nor infection with soil transmitted helminths (A. lumbricoides,
T. trichiura, hookworm) impacted expression of TIMPs in blood from the
MFI. High endotoxin expression was associated with elevated TIMP-1 and
TIMP-3 at the MFI (P<0.01), after controlling for gestational and maternal
age. Pro-inflammatory cytokine production (e.g. IL-1, IFNy, IL-8, TNFa)
was also correlated with elevated TIMP levels at the MFI (P<0.02). Further,
TIMP-1, -2 and -3 levels were lower in mothers with iron deficiency anemia
(P<0.01), in keeping with studies that have demonstrated increased
trophoblast invasion among anemic women. In summary, an expression
pattern of heightened TIMPs, observed in the context of elevated
endotoxin and/or pro-inflammatory cytokines, suggests decreased invasion
at the MFI, and may help explain the observed association between
placental endotoxin and small-for-gestational-age newborns we have
previously demonstrated in this cohort. These data provide a candidate
mechanism by which chronic inflammation at the MFI may impact the
invasion characteristics of trophoblasts and thus the establishment of a
healthy placenta.

INTRODUCING SCHISTOSOMA MANSONI AMP-ACTIVATED
PROTEIN KINASE (AMPK): DEVELOPMENTAL REGULATION,
ACTIVITY, AND ROLE IN SCHISTOSOME ENERGY
METABOLISM

Kasandra S. Hunter
Uniformed Services University, North Bethesda, MD, United States

Schistosomes are obligate parasites and auxotrophic for many critical
biomolecules, such as such as fatty acids and cholesterol, which must
be acquired from the host in order to sustain parasite growth and
development. Furthermore, schistosome development requires other
signals from the host, as parasite growth and reproductive capacity

are significantly attenuated in certain lines of gene-targeted mice. We
previously showed that impaired growth and reproduction of Schistosoma
mansoni in immunodeficient mice correlated with reduced expression
and activity of the parasite CAMP-dependent protein kinase (PKA),

a cellular protein involved in metabolic regulation. As schistosomes

use a combination of glycolysis, fatty acid oxidation and oxidative
phosphorylation to meet their bioenergetic needs and support the daily
production of hundreds of eggs, we hypothesized that schistosomes
from immunodeficient mice might also exhibit alterations in signaling
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pathways and enzymes that more directly regulate energy metabolism.
First, we show that adult schistosomes express an AMP-activated protein
kinase (AMPK), a heterotrimeric enzyme that is central to regulating
energy metabolism in other eukaryotes. Second, we provide evidence
that expression of the catalytic alpha subunit is developmentally
regulated during the parasite’s life cycle. While there is evidence of
AMPK in all developmental stages, our data indicate that transcription
of the AMPK alpha gene is shut off in cercariae and is re-initiated once
inside the mammalian host. Third, we show that schistosome AMPK
activity is sensitive to changes in the worm’s environment, suggesting a
mechanism by which schistosome metabolism may be responsive to host
factors. Finally, we provide evidence that AMPK expression is attenuated
in parasites isolated from immunodeficient mice, suggesting the host
exerts significant influence over the regulation of schistosome energy
metabolism. Elucidating how schistosome energy metabolism is regulated
and how host factors influence parasite energy metabolism may reveal
opportunities to disrupt transmission of these important pathogens.

TARGETING THE REDOX NETWORK FOR DRUG DISCOVERY
FOR SCHISTOSOMIASIS

David L. Williams
Rush University Medical Center, Chicago, IL, United States

Praziquantel is the only drug available for schistosomiasis treatment. The
FAD/NAD linked enzyme thioredoxin glutathione reductase (TGR) is central
to the redox network of these worms and has been determined to be
essential and druggable. We have screened >500,000 small molecules for
TGR inhibition and have identified >10,000 actives. Progress to identify
potential lead compounds in these actives will be discussed. 3D structures
of small molecules in complex with TGR has identified an allosteric binding
site for inhibitor development. Compounds binding this site perturb the
catalytic mechanism. Related FAD/NAD linked reductases, targets for
malaria, trypanosomiasis, leishmaniasis, and cancer drug development,
have similar catalytic mechanisms and binding pockets. The topology/
charge distribution in this binding site is not highly conserved, suggesting
ways to develop enzyme-specific inhibitors for drug development for many
diseases in addition to schistosomiasis.

USING A GLYCAN MICROARRAY TO IDENTIFY DOMINANT
ANTI-GLYCAN IGE RESPONSES IN GHANAIAN SCHOOL-
CHILDREN LIVING IN A HELMINTH-ENDEMIC AREA

Abena S. Amoah', Elias K. Asuming-Brempong?, Benedicta B.
Obeng’, Serge A. Versteeg?, Irene A. Larbi2, Yvonne Aryeetey?,
Thomas A. Platts-Mills®, Adriano Mari®, Katarzyna Brzezicka®, Ben
Gyan?, Mohamed Mutocheluh’, Daniel A. Boakye?, Niels-Christian
Reichardté, Ronald van Ree3, Cornelis H. Hokke', Angela van
Diepen', Maria Yazdanbakhsh'

'Leiden University Medical Center, Leiden, Netherlands, 2Noguchi Memorial
Institute for Medical Research, Accra, Ghana, >Academic Medlical Center,
Amsterdam, Netherlands, “University of Virginia, Charlottesville, VA,
United States, *Associated Centers for Molecular Allergology, Rome, Italy,
6CIC biomaGUNE, San Sebastian, Spain, ’Kwame Nkrumah University of
Science and Technology, Kumasi, Ghana

In helminth-endemic areas, elevated levels of cross-reactive IgE to
environmental and food allergens are often observed that do not translate
into allergy symptoms. In Ghanaian children, this cross-reactivity has

been shown to be associated with Schistosoma haematobium infection
and dominated by elevated levels of IgE against the sugar structures on
glycoproteins known as cross-reactive carbohydrate determinants. The aim
of the current study was to characterize the specific carbohydrate motifs
involved in this IgE recognition in Ghanaian children using a synthetic
glycan microarray. The target population was schoolchildren living in rural
and urban areas with different socioeconomic status (SES). Sera from

children attending a rural school (n=20), an urban low SES school (n=20)
and an urban high SES school (n=20) were used to assess IgE responses
against 128 synthetic N-glycans and short oligosaccharides by microarray.
The highest levels of IgE to glycan structures were observed among

rural children followed by urban low SES and urban high SES children.
Analysis of specific N-glycan entities showed that IgE responses were
predominantly directed to structures with a core a-1,3-fucose motif alone
and to a lesser extent, to those with core xylose only. S. haematobium
infection was mainly observed in urban low SES subjects and was
significantly associated with elevated IgE to structures with core xylose.
Glycan microarray technology represents a novel approach to characterize
IgE responses to carbohydrate motifs that could complement existing in
vitro immunoassay technologies and clinical evaluation.

UROGENITAL SCHISTOSOMIASIS IS ASSOCIATED WITH
WIDESPREAD IMPACTS ON THE ADOLESCENT INTESTINAL
MICROBIOME

Olumide Ajibola’, Aislinn D. Rowan?, Clement O. Ogedengbe?,
Mari B. Mshelia', Damien J. Cabral?, Anthonius A. Eze?, Peter
Belenky?

'Federal University Birnin Kebbi, Kebbi, Nigeria, ?°Brown University,
Providence, R, United States, *University of Nigeria Enugu Campus, Enugu,
Nigeria

Urogenital schistosomiasis is a neglected parasitic disease endemic to
Nigeria, affecting millions across Africa. Given previous work indicating
that helminth infection can impact immune responses and even the
composition of the intestinal microbiome, we examined the impacts of
infection with Schistosoma haematobium on the gut microbiome of
adolescents in Kebbi State in Nigeria. We sequenced the hypervariable
V4 region of the 16S rRNA gene of the faecal microbiome of infected
and uninfected participants, and analyzed whether there were diversity
or taxonomical differences in the microbial community composition.
While the overall richness and evenness of the infected individuals

was similar to controls, we detected an increased number of observed
taxa, decreased phylogenetic diversity, and differential beta diversity in
infected individuals resulting from decreased prevalence of Firmicutes and
increased prevalence of Proteobacteria. More specifically, we detected a
number of changes in taxa reminiscent of changes seen in inflammatory
bowel disease in adolescents infected with S. haematobium, including
increases in members of Bacteroides, Veillonellaceae, Pasteurellaceae, and
Desulfovibrio and decreases in Clostridiales; these changes were confirmed
using gPCR. Functional potential analysis also revealed an enrichment

in urease producers, which past studies have linked to dysbiosis and
inflammation.Overall, our analysis indicates that S. haematobium infection
state is associated with widespread perturbations in the gut microbiota.

BETA GLUCAN, IRI-1677, MODULATES TH2 INDUCED
PATHOLOGY, INFLAMMATION AND FIBROSIS IN A MURINE
MODEL OF SCHISTOSOMIASIS

Robert W. Thompson', Erik Karmele', Richard L. Gieseck IlI',
Myra Patchen?, Steve Smith?, Sandra Oland', Alessandra Ricciardi',
Pedro Gazzinelli-Guimaraes', Kevin Hart', Thomas A. Wynn',
Thomas B. Nutman®

'National Institutes of Health/National Institute of Allergy and Infectious
Diseases/LPD, Bethesda, MD, United States, 2lmmunoResearch, Eagan,
MN, United States

Beta glucans are Pathogen Associated Molecular Pattern, or PAMP,
molecules that trigger a coordinated immune response to pathogens.
They can induce a variety of responses, including the ability to shift

an overstimulated Th2 immune response to a Th1 response. Because
Schistosoma mansoni (Sm) infection in mice is associated with a Th2-
dominated inflammatory response that drives liver pathology (and fibrosis)
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we examined the effects of a purified yeast beta 1,3/1,6 glucan, IRI-1677,
for its modulatory effects on pathology, inflammation, and concomitant
fibrosis in murine Sm infection. C57BL/6 mice were infected with (Sm)
cercariae. Five weeks after infection, mice were treated with biweekly
doses of IRI-1677 for a total of 4 weeks and then sacrificed. IRI-1677, in a
dose dependent manner, was able to dramatically suppress the expression
of genes (assessed by Nanostring) in the liver that target IL-13 (a key
cytokine regulating fibrosis in murine schistosomiasis). In particular, IRI-
1677 -treated Sm-infected mice were able to down regulate IL-13Ra2, Fizz
1 and Col6a1 while upregulating Th1/Th17-associated cytokines compared
to IRI-1677-untreated Sm-infected mice. The IRI-1677-induced changes in
cytokines in Sm-infected mice were paralleled by alterations in the makeup
of liver tissue inflammation with the beta glucan driving neutrophil and
inflammatory monocyte infiltration compared to the eosinophil and M2-
macrophage rich environment seen in untreated Sm-infected mice. Gross
pathology was also markedly different between IRI-1677-treated and
-untreated Sm-infected mice. We are currently assessing markers (tissue
hydroxyproline) of fibrosis, inflammation and pathology to understand
whether balancing the effect of chronic robust TH2 responses in this
parasite model with IRI-1677 administration can be used to limit the
pathologic consequences of infection with Sm.

THE INTERLEUKIN-4 INDUCING PRINCIPLE FROM
SCHISTOSOMA MANSONI EGGS (IPSE) EXACERBATES UTI-
INDUCED PAIN AND SUPPRESSES ANTI-MICROBIAL PEPTIDE
PRODUCTION

Evaristus C. Mbanefo’, Luke Pennington?, Kristina Lapira?,
Theodore Jardetzky?, Franco Falcone®, Michael Hsieh'

'Biomedical Research Institute, Rockville, MD, United States, ?Department
of Structural Biology, Stanford University School of Medicine, Stanford,
CA, United States, *University of California, San Diego, CA, United States,
“Division of Molecular Therapeutics and Formulation, School of Pharmacy,
University of Nottingham, Nottingham, United Kingdom

Numerous parasitic infections can increase susceptibility to bacterial
co-infections. This appears to be true for urogenital schistosomiasis

and bacterial urinary tract co-infections (UTI). In a 2014 Infection and
Immunity paper, we reported that this co-infection is immunologically
facilitated by Schistosoma haematobium eggs triggering interleukin-4 (IL-
4) production, which in turn ablates NKT cell activation-associated bacteria
clearance. We sought to determine how S. haematobium eggs induce

this IL-4-dependent response. The interleukin-4 inducing principle from
Schistosoma mansoni eggs (IPSE) is one of the most abundant schistosome
egg-secreted proteins, and is a molecule that binds to IgE on the surface
of basophils and mast cells to trigger IL-4 release. IPSE is also able to
translocate into host nuclei using a nuclear localization sequence (NLS)

to modulate host gene transcription. We hypothesized that IPSE is the
factor responsible for the ability of S. haematobium eggs to worsen UTI
pathogenesis. Mice were intravenously administered a single 25ug dose

of recombinant S. haematobium-derived IPSE, an NLS mutant of IPSE or
PBS and 24 hours later challenged with the uropathogenic E. coli strain
UTI89 by urethral catheterization. We verified that a single intravenous
dose of IPSE induced IL-4 production by basophils. Unexpectedly, we

did not observe significant differences in urine bacterial CFU. Even more
surprisingly, IPSE worsened UTl-induced pain. The NLS mutant induced
even worse outcomes. Moreover, IPSE administration resulted in significant
reduction in the expression of anti-microbial peptides. Our data show that
IPSE may play a major role in S. haematobium induced UTI exacerbation,
albeit in an unexpected fashion. These findings also indicate that IPSE
either works in concert with other IL-4-inducing factors to increase
susceptibility of S. haematobium-infected hosts to bacterial co-infection, or
does not play a role in these co-infections.

EVIDENCE CONSISTENT WITH SCHOOL BASED
TRANSMISSION OF TAENIA SOLIUM CYSTICERCOSIS IN
PRIMARY SCHOOLS, SOUTHWEST CHINA

John Openshaw’, Carole Chedid?, Alexis Medina', Stephen A.
Felt', Tiaoying Li®, Zhou Huan*, Scott Rozelle’, Stephen P. Luby!

'Stanford University, Stanford, CA, United States, ?Ecole Normale
Supérieure de Lyon, Lyon, France, 3Sichuan Centers for Disease Control
and Prevention, Chengdu, China, “West China School of Public Health,
Chengdu, China

Cysticercosis is caused by larval forms of the pig tapeworm, Taenia solium,
invading human tissue. The disease is spread person-to-person via a

fecal oral route from tapeworm carriers shedding eggs in their feces.

We characterized exposure and the relationship of infection to social
networks in primary school children in southwest China. We surveyed
3,038 students across 27 schools in southwest China, drawing blood for
T. solium cysticercosis IgG antibody testing by ELISA. We collected social
network data in one school study site (362 children), speciating tapeworms
in taeniasis cases and detailing social networks by having students identify
peers sharing their same classroom, dorm, and dining table as well as
frequent playmates and children with whom they frequently shared food.
6% of children (180/2867) had serologic evidence of cysticercosis IgG
antibodies, the proportion of seropositive children in different schools
ranged from 0% to 22%. 11% (283/2606) of children reported having
worms or worm segments in their feces, with a range of 0% to 28% in
different schools. In the social network study, 4% of the school population
had T. solium Gl carriage (16/362), with the highest prevalence found in

9 year olds (3, graders, 15%, 6/39) and 8 year olds (2" graders, 8%,
3/38). 22% (9/41) of seropositive children had identifiable school based
close contacts with tapeworm carriers consistent with school based
transmission. Students attending schools with a higher proportion of
self-reported taeniasis were more likely to have serologic evidence of
cysticercosis antibodies (p = 0.017; odds of seropositivity increases 1.13
[95% CI 1.01 - 1.25] with a 5% increase in school prevalence). Social
connections between infectious tapeworm carriers and students with
cysticercosis antibodies as well as the association between seropositivity
and the proportion of children with taeniasis suggests potential
transmission of cysticercosis within schools. School based interventions
including improving school hygiene measures as well as school based
treatment of taeniasis carriers may play a role in decreasing disease burden
in school-aged children.

INTRODUCING CYSTIAGENT: AN AGENT-BASED MODEL TO
SIMULATE TAENIA SOLIUM TRANSMISSION IN PERU

lan W. Pray’', Wayne Wakeland?, William Pan3, William E.
Lambert’, Robert H. Gilman#*, Armando E. Gonzalez?, Cesar M.
Gavidia®, Hector H. Garcia®, Seth E. O'Neal’, for the Cysticercosis
Working Group in Peru®

'School of Public Health, Oregon Health and Science University and
Portland State University, Portland, OR, United States, ?Systems Science
Program, Portland State University, Portland, OR, United States, *Global
Health Institute, Duke University, Durham, NC, United States, “Department
of International Health, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, United States, °School of Veterinary Medicine, Universidad
Nacional Mayor de San Marcos, Lima, Peru, °Department of Microbiology,
Universidad Peruana Cayetano Heredia, Lima, Peru

Persistent endemic transmission of the pork tapeworm, Taenia solium,
causes widespread neurological disease (neurocysticercosis) and a
significant economic burden on low-income rural populations across
Latin America, Asia and Africa. The past 20 years have seen important
advances in the development of effective control interventions against
T. solium, including mass anti-helminthic treatment, pig vaccination,
and geographically targeted ring interventions. Despite this progress,
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few strategies have been systematically evaluated, and there is a critical
lack of evidence on which to base recommendation for control in
different geographic settings. To address this evidence gap, we introduce
CystiAgent, an agent-based model designed to simulate T. solium
transmission. CystiAgent can be used to compare the effectiveness of
available control strategies in a variety of endemic settings, and prioritize
those most likely to be successful for evaluation in prospective studies.
While previous transmission models for T. solium have been developed,
CystiAgent is the first spatially-explicit model, and therefore the first with
the ability to model clustered transmission patterns while accounting for
risk heterogeneities caused by open human defecation, pig roaming, and
travel patterns. It is also the first model to be validated with data collected
from prospective control and elimination interventions. This presentation
includes visual demonstration of CystiAgent operation and output, and
provides validation results using prospective intervention data from two
large multi-year studies (Cysticercosis Elimination Project and Optimizing
Ring Strategy) that span 10 unique interventions and 40 villages (pop.
~20,000) in northern Peru. Validation results include the accuracy of
model-predicted reductions in the prevalence of taeniasis and porcine
cysticercosis, and sensitivity analyses demonstrating parameter uncertainty
and opportunities for future model improvements. This oral presentation
represents a unique opportunity to share a much-anticipated tool with the
cysticercosis research community.

EVALUATING POTENTIAL FOR AN UNADDRESSED URBAN
RESERVOIR OF TAENIA SOLIUM TAENIASIS IN PERU

Lauralee J. Fernandez', Ricardo Gamboa?, Percy Vilchez?, lan
Pray?, Michelle Beam?, Brian Garvey?, Angela Spencer’, Claudio
Muro?, Luz Maria Moyano?, Hector H. Garcia?, Seth E. O'Neal', for
the Cysticerocsis Working Group in Peru?

'Oregon Health & Science University and Portland State University School
of Public Health, Portland, OR, United States, “Center for Global Health
Tumbes, Universidad Peruana Cayetano Heredia, Tumbes, Peru, *Oregon
Health & Science University, Portland, OR, United States

Neurocysticercosis is a leading cause of adult onset epilepsy. In 2012, the
causative parasite, Taenia solium, was eliminated from 107 rural villages
in the region of Tumbes, Peru. Urban centers were not included in the
elimination project given that the conditions for established transmission
(free ranging pigs and open human defecation) are uncommon in these
settings. However, a recent study found active transmission of the
parasite in two of the villages that had been previously cleared. These
villages experience both frequent travel and commerce with the nearby
city of Zarumilla, as well as immigration from other rural regions outside
the elimination zone. The objective of this study was to determine the
prevalence of taeniasis in the urban center of Zarumilla, and to explore
the plausibility of an urban reservoir of taeniasis as a potential threat

for reintroduction of T. solium into the elimination area. We conducted
random cluster sampling at the block level within the city limits of
Zarumilla (population ~ 20,000). Participants were asked about the
frequency, duration and sites of travel to rural areas. They were also
offered oral niclosamide as presumptive treatment for tapeworms, and
were asked to provide a stool sample for diagnosis of taeniasis using
coproantigen ELISA. 636/ 1113 (67 %) of households approached had one
or more participants. A total of 2340 residents provided survey data, of
which 2061(88 %) accepted treatment, and 1621 (69%) provided a stool
sample. Four participants (0.25% [95%Cl: 0.08, 0.64]) were diagnosed
with taeniasis; all had traveled to a nearby rural community and three
reported having defecated outside while there. While it is possible that
urban taeniasis carriers could have contributed to reintroduction of T
solium to the rural elimination area, the low prevalence of urban taeniasis
compared to the typical prevalence of 1-2% in rural areas, suggests that
other sources are more likely. Alternative sources for reintroduction such
as rural-rural migration and persistent parasite eggs in the environment
should be considered.

RELATIONSHIP BETWEEN PLASMA LEVELS OF ALBENDAZOLE
SULFOXIDE AND ANTIPARASITIC EFFICACY IN THE
TREATMENT OF NEUROCYSTICERCOSIS

Gianfranco Arroyo’, Andres G. Lescano’, Javier A. Bustos',
Isidro Gonzales?, Herbert Saavedra?, Javier E. Pretell?, Armando E.
Gonzalez4, Robert H. Gilman®, Hector H. Garcia’

"Universidad Peruana Cayetano Heredia, Lima, Peru, ?Instituto Nacional de
Ciencias Neurologicas, Lima, Peru, Hospital Alberto Sabogal, Callao, Peru,
“Universidad Nacional Mayor de San Marcos, Lima, Peru, *Johns Hopkins
University, Baltimore, MD, United States

The efficacy of albendazole therapy to destroy brain cysticercosis cysts is
incomplete. Plasma levels of albendazole sulfoxide (ABZSO), the active
metabolite of albendazole, are extremely variable among patients. We
assessed whether high plasma ABZSO levels during albendazole therapy
are associated with increased antiparasitic efficacy. Plasma ABZSO levels
were measured at treatment day 7 in 118 patients with intraparenchymal
neurocysticercosis enrolled in a trial of antiparasitic efficacy. Drug levels
were analyzed in regard to the likelihood of complete cyst clearance in
the patient, and the proportion of baseline cysts that resolved by therapy
(evaluated by brain MRI 6 months after treatment). A trend towards

high cure rates in patients with increasing quartiles of ABZSO levels was
observed (40%, 48%, 50%, and 60% for Q, [<245 ng/ml], Q, [>245 to
<385 ng/ml], Q, [>385 to <650 ng/ml], and Q, [>650 ng/ml] respectively;
P-value = 0.059). A similar trend was also observed for the proportion

of resolved cysts with increasing quartiles of ABZSO levels (46%, 60%,
58%, and 77% for Q,, Q,, Q,, and Q, respectively; P-value = 0.093).

In patients with >3 baseline brain cysts, the regression models adjusted
by praziquantel co-administration, and the type of anti-epileptic drug
used showed higher cure rates and proportion of resolved cysts when
comparing ABZSO levels in the 4th versus the 1st quartile (risk ratio = 3.17
[95% Cl: 1.12-8.99] for cure rates, and risk ratio = 2.0 [95% Cl: 1.03-
3.93] for the proportion of resolved cysts); in patients with 1-2 baseline
cysts not effect between ABZSO levels and antiparasitic efficacy was
observed. There is a direct relationship betwen increasing levels of ABZSO
in plasma and treatment efficacy, although the strength of the association
is mild to moderate, and other factors including baseline brain cyst burden,
and antiparasitic drug scheme may also impact in treatment efficacy.

DESIGN AND VALIDATION OF A SENSITIVE LOOP-MEDIATED
ISOTHERMAL AMPLIFICATION, LAMP ASSAY, TARGETED T.
SOLIUM COX 1 GENE TO IMPROVE THE DIAGNOSTIC OF
NEUROCYSTICERCOSIS USING CEREBROSPINAL FLUID

Anjanirina Rahantamalala’, Julien Razafimahefa?, Oria
Davidson', Prisca Ramandanirainy’, Siddharta Mahanty?,
Mahenina Rakotondrazaka', Rado Lalaina Rakotoarison', Nond
Randrianasolo’, Francesca Bisio®, Frédérique Randrianirina®, Alain
Djacoba Tehindrazanarivelo?, Ronan Jambous, Inés Vigan-Womas'

"Immunology of Infectious Diseases Unit, Institut Pasteur de Madagascar,
Antananarivo, Madagascar, ?Neurology Department of Befelatanana
Hospital, Antananarivo, Madagascar, *Laboratory of Parasitic Diseases,
National Institutes of Health, Bethesda, MD, United States, “Centre
Hospitalier de Référence Régionale Monja Jaona, Ambovombe Androy,
Madagascar, *Centre of Clinical Biology, Institut Pasteur de Madagascar,
Antananarivo, Madagascar, ®Institut Pasteur de Cote d'lvoire, Abidjan,
Cote D'lvoire

Taenia solium neurocysticercosis (NCC) is a common cause of epileptic
seizures and other neurological morbidity in several low-income countries
including Madagascar. The neuroimaging diagnosis remains challenging
and expensive especially for the population living in remote areas. Here we
describe a sensitive and affordable NCC molecular diagnosis test based on
LAMP method using cerebrospinal fluid (CSF). Patients presenting epileptic
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seizures and/or unusual progressive headache, with neuroimaging lesions,
recruited at the Neurology Department of Befelatanana Hospital were
included in this study. In-depth CT-Scan analysis was used as reference test
to ascertain the NCC diagnosis. LAMP-NCC technique detecting T. solium
cytochrome C oxydase subunit 1 gene was first validated on 7 patients
with confirmed NCC (presence of scolex in CT-Scan) and 4 patients with
negative NCC. Immunoblot test (EITB) using purified T. solium metacestode
glycoproteins were realized on blood and CSF. The LAMP-NCC presented a
detection limit of 2.5pg using DNA extracted from T. solium metacestodes
and showed no amplification with T. saginata, T. asiatica and Loa loa DNA.
Using CT-Scan as reference method, the sensibility of LAMP-NCC on CSFs
without any DNA extraction step is higher compared to the immunoblot
(70% vs 40%) when the specificity for both tests was similar (80%). The
validation of the LAMP-NCC is on-going on a biobank of CSFs samples
from patients with confirmed NCC diagnosis or with other neurological
pathologies. The encouraging preliminary results obtained indicates that
LAMP-NCC is a promising molecular Point-Of-Care tool to strengthen the
NCC diagnosis in Madagascar.

ALVEOLAR ECHINOCOCCOSIS IN GERMANY, 1992-
2017: PREVALENCE, SURVEILLANCE AND SPATIAL
AUTOCORRELATION

Julian Schmidberger, Beate Gruner, Wolfgang Kratzer, Tilmann
Grater

University Hospital Ulm, Ulm, Germany

Alveolar echinococcosis (AE) caused by the parasite Echinococcus
multilocularis is a rare disease in Germany. The aim of this analysis was
the detection of high risk areas and the determination of prevalence of
AE in Germany. Epilnfo ™ was used for cartographic representation and
visualization of the penetration position. The Moran’s | geoanalysis by
clusters and risk areas was performed with GeoDa™. SAS Version 9.2
was used for statistical analysis. The analysis of the AE cases (N=566)
revealed a concentration of diseases in Baden-Wiirttemberg and Bavaria.
Analysis based on Moran’s | gave a positive spatial autocorrelation for
Germany (1=0.215887, Z=33,1461, p<0.001). The prevalence for Germany
in the period 1992-2017 resulted in 0.69 cases per 100,000 inhabitants.
For Baden-Wurttemberg, the estimated prevalence was 2.42 cases and

in Bavaria 1.64 cases per 100,000 inhabitants. The analysis on spatial
autocorrelation and possible risk areas shows the direct neighborhood of
"high-high” risk areas in the southeastern regions of Baden-Wurttemberg
(1=0.203845, Z=11,6582, p<0.001) and in the southwestern part of
Bavaria (1=0.153844, Z=11,4593, p<0.001). Striking are clusters of
illnesses in the area of the Swabian Alb uplands, the Alps and the foothills
of the Alps. By informing the population in high risk areas, AE cases can
possibly be prevented or diagnosed at an early stage.

PERFORMANCE OF A POINT-OF-CARE RAPID
DIAGNOSTIC TEST FOR THE SERODIAGNOSIS OF CYSTIC
ECHINOCOCCOSIS IN AN ENDEMIC SETTING: A FIELD STUDY
IN PERU

Tommaso Manciulli', Raffaella Lissandrin', Raul Enriquez
Laurente?, Ambra Vola3, Francesca Tamarozzi*, Annalisa De
Silvestri®, Carmine Tinelli®, Saul Santivanez?, Enrico Brunetti’, Mara
Mariconti’

'Department of Clinical, Surgical, Diagnostic and Pediatric Sciences, Pavia,
Italy, 2Instituto Peruano de Parasitologia Clinica y Experimental, Lima,
Peru, 3Unit of Infectious and Tropical Diseases, IRCCS San Matteo Hospital
Foundation, Pavia, Italy, “Center for Tropical diseases, Sacro Cuore-

Don Calabria Hospital, Negrar, Italy, *Unit of Clinical Epidemiology and
Biometry, IRCCS San Matteo Hospital Foundation, Pavia, Italy

Cystic Echinococcosis (CE) is a zoonosis caused by the infection with the
larval stage of the dog tapeworm Echinococcus granulosus. 1.2 million
people are estimated to be infected worldwide. Peruvian highlands are
endemic for CE. Ultrasound (US) is the gold standard for the diagnosis

of abdominal CE, while serology has a complementary role. However,

in rural endemic areas, expertise in US is often scant and conventional
serology is unavailable. We studied the performance of a commercial
Rapid Diagnostic Test (RDT) (VIRapid HYDATIDOSIS - Vircell, Spain) for

the serodiagnosis of CE during an US-based screening in 3 districts in the
central Peruvian highlands. Of the 546 volunteers scanned by abdominal
US (227 in Ondores, 213 in Corpacancha and 106 in Tomas), 37 (6.7%;
95%Cl 4.8-9.2%) had CE cysts. The highest prevalence was observed in
Corpacancha (13,6%). A history of surgery for CE was reported by 6%

of the subjects. We found 68 cysts: 28 (41%) were active (CE1, CE2,
CE3b), 8 (12%) transitional (CE3a) and 32 (47%) inactive (CE4, CE5).
Blood samples were taken on the same day of US examination from 34
patients with CE cysts, 23 patients with a history of CE surgery and 57 US-
negative controls matched for age and sex. Sensitivity and specificity were
calculated using individuals with CE as cases and individuals with negative
US exam (including those reporting past surgery for CE) as controls. RDT
results were positive for 25 individuals with abdominal CE (73,5%), 8
subjects with no visible abdominal CE (14%), and 9 individuals with a
history of surgery for CE (39%). Sensitivity and specificity were 73.5%

and 78.8% (75% and 84.5% when subjects reporting past surgery for

CE were excluded from the analysis). Although a proportion of positive
serology results in subjects with negative US may be due to lung CE until
proven otherwise (a chest X-ray examination is planned for these subjects),
our initial findings show that the RDT we tested has a low specificity when
used on field samples from an endemic area.

PHOSPHOETHANOLAMINE-N-METHYLTRANSFERASE

IS A POTENTIAL BIOMARKER FOR THE DIAGNOSIS OF
PLASMODIUM KNOWLESI, P. FALCIPARUM AND P. VIVAX
MALARIA

Robert G. Krause, Dean J. Goldring

University of KwaZulu-Natal Pietermaritzburg, Pietermaritzburg, South
Africa

Plasmodium knowlesi is recognised as the main cause of human malaria
in Southeast Asia. P knowlesi is primarily diagnosed by PCR as it is
difficult to diagnose by microscopy. Prompt diagnosis and treatment

of P knowlesi infections is required as this species can rapidly cause
severe disease. There are currently no biomarkers for antibody based

rapid diagnostic tests (RDT) to detect a P knowlesi infection. We aimed

to identify a protein biomarker with potential for the diagnosis of P
knowlesi, P falciparum and P vivax malaria. Phosphoethanolamine-N-
methyltransferase (PMT), a protein involved in malaria lipid biosynthesis
and not expressed in humans was selected. Peptides on the surface of
PMT that were either common (PLENNQYTDEGVKC) or unique to P
knowlesi (PKLYPTDEYNSLKDC), P falciparum (PfCEVEHKYLHENKE) and

P vivax (PWWYSIKEYNSLKDC) PMT were selected. Polyclonal antibodies
against all of the peptides and recombinant P knowlesi, P falciparum

and P vivax PMT proteins, were raised in chickens and affinity purified.
The antibodies against each recombinant PMT protein and the common
PMT epitope (PLENNQYTDEGVKC) each detected all three recombinant
proteins. Antibodies raised against unique peptides selectively detected the
parent protein in western blots and in spiked blood lysates. The antibodies
detected a 29 kDa protein in a P falciparum culture lysate. PMT, like

the pan-specific malaria LDH biomarker used in RDTs is soluble, present

at similar concentrations to LDH, is essential to parasite survival and
represents a promising antimalarial drug target. Unlike LDH, PMT is not
present in the human proteome. PMT has the potential as a biomarker for
malaria and in particular to detect P knowlesi parasites.
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A NOVEL QUANTITATIVE SUSPENSION ARRAY TOOL FOR
HIGH SENSITIVE QUANTIFICATION OF HRP2 AND PLDH IN
BLOOD FROM PLASMODIUM FALCIPARUM AND P. VIVAX-
INFECTED PATIENTS IN PERU AND NIGERIA

Sandra Incardona’, Xavier Martiafiez Vendrell?, Stefano
Ongarello’, Aurélien Macé', Freddy Alava?, Dionicia Gamboa?,
Uche Igbasi*, Alfons Jimenez?, Oladosu Oladipo?, Wellington
Oyibo?, Katherine Torres?, Ifeoma Udenze?, lveth J. Gonzalez!,
Cassandra Kelly', Bill Rodriguez', Alfredo Mayor?

'FIND, Geneva, Switzerland, ?Barcelona Institute for Global Health
(ISGlobal), Barcelona Centre for International Health Research (CRESIB),
Hospital Clinic - Universitat de Barcelona, Barcelona, Spain, 3Laboratorios
de Investigacién y Desarollo, Facultad de Ciencias y Filosofia, Universidad
Peruana Cayetano Heredia, Lima, Peru, “ANDI Centre of Excellence for
Malaria Diagnosis, College of Medicine, University of Lagos, Lagos, Nigeria

Quantification of protein antigens is increasingly important for the
assessment of ultrasensitive diagnostic tools for infectious diseases.

We developed a quantitative suspension array technology (qSAT) for
multiplexed quantification of HRP2 and pLDH malaria antigens in patient
blood samples, and assessed its performance as part of a malaria RDT
evaluation study in 4489 patients in Peru and Nigeria. Patient samples
underwent on-site and off-site reference testing (with malaria RDTs,
microscopy, real-time PCR, and sequencing for Plasmodium species
determination). gSAT testing was performed on samples positive for P
falciparum (845/4489, 18.8%) and P, vivax (892/4489, 19.9%) by real-
time PCR and sequencing. Analysis of HRP2 detection was conducted

on Nigerian samples only because of hrp2 gene deletions known to be
prevalent in Peru. The limit of quantification of the qSAT was 7.2 pg/

mL for HRP2 and 47.8 pg/mL for pfLDH. Preliminary results on 791 P
falciparum samples showed that the qSAT assay could detect and quantify
HRP2 and pfLDH antigens in 49.0% (123/251) and 36.2% (147/406)

of samples, respectively, which were PCR-positive but negative by
microscopy and RDT, confirming its increased sensitivity over microscopy
and RDT. When the gSAT is used as the reference method, the sensitivity
and specificity of the HRP2 test line of the SD Bioline Malaria Ag Pf/

Pan (Alere, USA) used in Nigeria was 70.3% [C195%: 66.1-74.6%] and
87.2% [CI95%: 81.8-92.6%], respectively, while the panLDH test line of
the Carestart Pf/PAN (pLDH) Antigen test (Access Bio, USA) used in Peru
was 85.3% sensitive [C195%: 79.7-90.1%] and 96.6% specific [CI95%:
91.9-100.0%]. This compares closely to PCR as a reference method, and
confirms that this new gSAT assay can successfully be used as a reference
test for detection and quantification of HRP2 and pLDH in P falciparum
and P vivax samples. Preliminary and first-of-its-kind data also show good
quantification of pLDH in P vivax samples, which is extremely important
given concerted efforts by the global health community to improve the
sensitivity of P vivax diagnostics to support elimination of all malaria
species.

SCREENING FOR PFHRP2/3-DELETED PLASMODIUM
FALCIPARUM, NON-FALCIPARUM, AND LOW-DENSITY
MALARIA INFECTIONS USING A MULTIPLEX ANTIGEN ASSAY

Eric Rogier', Camelia Herman', Sophie Allen', Rafael Dimbu?,
Filomeno Fortes?, Dragan Ljolje!, Naomi Lucchi’, Sean C. Murphy?,
Nahum T. Smith3, Kurtis R. Cruz3, Annette M. Seilie3, Eric S.
Halsey', Mateusz M. Plucinski', Venkatachalam Udhayakumar’,
Michael Aidoo!

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
?National Malaria Control Program, Ministry of Health, Luanda, Angola,

*Department of Laboratory Medicine, University of Washington, Seattle,
WA, United States

Detection of Plasmodium antigens from human malaria parasites has
broad applications for diagnostics, surveillance, and laboratory research.

A bead-based multiplex assay was developed to simultaneously detect the
pan-Plasmodium aldolase (pAldo), pan-Plasmodium lactate dehydrogenase
(pLDH), and P, falciparum histidine rich protein 2 (PfHRP2) antigens. The
multiplex assay was validated against recombinant antigens and 239
mono-species malaria infections. Limit of detection for the antigens

in human blood samples was determined for pAldo at 128pg/mlL, Pf-
pLDH at 4,425pg/mL, Pv-pLDH at 4,435pg/mL, PfHRP2(A) at 6.7pg/

mL, PfHRP2(B) at 8.8pg/mL, and PfHRP2(C) at 15.8pg/mL. Samples from
Angolan patients attending outpatient clinics (n=1267) were assayed,

and the most common antigen profiles were PfHRP2+/pAldo+/pLDH+
(167, 36%), PfHRP2+/pAldo-/pLDH- (163, 35%), and PfHRP2+/pAldo+/
pLDH- (130, 28%) with the number of detected antigens being predictive
of qRT-PCR positivity and parasite density as well as patient febrile status.
Of the 466 (36.8%) Angolan samples positive for any antigens, eight

had either no or very low levels of PfHRP2, but were positive for pan-
Plasmodium antigens. Molecular analysis confirmed three were P ovale
infections, and two represented P falciparum parasites lacking Pfhrp2
and/or Pfhrp3. The findings suggest HRP2-based rapid diagnostic tests

are still an appropriate tool for confirmation of P falciparum diagnosis in
Angola. High-throughput multiplex antigen detection can inexpensively
screen for low density P falciparum, non-falciparum, and Pfhrp2/3-deleted
malaria parasites to provide population-level antigen estimates and identify
specimens requiring further molecular characterization.

CAN MEDICAL-DETECTION DOGS IDENTIFY PEOPLE WITH
MALARIA PARASITES?

Steve W. Lindsay', Margaret Pinder?, Chelci Squires?, Mark
Doggett?, Benjamin J. Kasstan', Kate Hampshire', Balla Kandeh?,
Sarah Dewhirst?, James G. Logan®, Umberto D’Alessandro®, Claire
Guest?

'Durham University, Durham City, United Kingdom, ARCTEC, London
School of Hygiene & Tropical Medicine, United Kingdom, *Medical
Detection Dogs, Milton Keynes, United Kingdom, “National Malaria
Control Programme, Banjul, Gambia, *Department of Disease Control,
London School of Hygiene & Tropical Medicine, United Kingdom, ®MRC
Unit The Gambia at London School of Hygiene & Tropical Medicine, Fajara,
Gambia

The task of malaria elimination would be simpler if a non-invasive method
was available for detecting infected individuals in populations where the
parasite prevalence is low; infected individuals could then be treated with
antimalarials. Dogs have a highly developed sense of smell and may be
able to detect volatiles released from people carrying malaria parasites.
We carried out a pilot study to determine whether trained dogs could
detect malaria infections in Gambian children aged 5-13 years old.
Samples of skin odour were collected from 600 school children. Samples
from malaria-infected children and uninfected children were used to train
medical-detection dogs in the UK. After four months of training a double-
blinded study was undertaken to assess the diagnostic accuracy of the
dogs. To assess the reaction of local people to medical-detection dogs, a
well-disciplined dog with a ‘medical-detection dog’ coat was introduced
to residents of a Gambian village. Focus group discussions assessed the
benefits and challenges of using medical-detection dogs for malaria
surveillance in Gambian villages. The results of this study will be reported
at the meeting. If successful, this diagnostic approach could be used for
mass screening of malaria cases at ports of entry.
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CELL FREE DNA AS A MARKER OF CEREBRAL MALARIA

Iset M. Vera', Anne Kessler?, McKenze Moss?, Li-Min Ting',
Visopo Harawa*, Wilson Mandalas, Stephen Rogersons, Karl
Seydel?, Kami Kim'

"University of South Florida, Tampa, FL, United States, ?Albert Einstein
College of Medicine, Bronx, NY, United States, *Xavier University, New
Orleans, LA, United States, “Malawi Liverpool Wellcome Trust, Blantyre,
Malawi, *“Malawi University of Science and Technology, Thylo, Malawi,
5University of Melbourne, Melbourne, Australia, “Michigan State University,
Lansing, M, United States

Cerebral malaria (CM) is a life-threatening manifestation of Plasmodium
falciparum infection that disproportionately affects young children living
in sub-Saharan African. Pediatric CM is characterized by parasitemia

and coma, but additional tests are required to identify those most at

risk for an adverse or fatal outcome. Retinal funduscopy, to identify
malarial retinopathy (Ret+CM), and quantification of histidine rich

protein 2 (Pfhrp2), a surrogate measure of total parasite biomass, assist in
identifying pediatric CM cases at highest clinical risk, but are not widely
available. Recent work identified cell free parasite DNA concentration in
the plasma as a correlate of disease severity in children with malaria. Host
neutrophils and circulating neutrophil extracellular traps, comprised of
host DNA, are reported to be activated in malaria. Thus, we hypothesized
that total plasma cell free DNA (host & parasite) may also correlate with
CM classification. Here, we assayed the plasma of Malawian children ages
1-12 years with uncomplicated malaria (UM) (n=37) or CM (total n=61;
Ret-CM n=15; Ret+CM n=46), without extraction or enrichment steps,
for total cell free DNA (cfDNA) level using the Qubit 2.0 Fluorometer,

a compact benchtop analyzer with high sensitivity and reproducibility.
Total cfDNA in the plasma distinguishes children with UM or Ret-CM
from children with Ret+CM (UM ROC: 0.85, p<0.0001; Ret-CM ROC:
0.69, p=0.03). Amongst Ret+CM cases, cfDNA differentiates fatal cases
(n=7) from children with resolution of coma and clinical disease (n=39)
(ROC: 0.87, p=0.02). The ability to distinguish case classifications by total
cfDNA level paralleled that of Pfhrp2, and both measures were superior in
distinguishing cases relative to cell free parasite DNA levels only. Current
studies are underway to determine the relative contributions of host vs
parasite DNA to cfDNA. As expected, plasma cfDNA level declined by 30
days post-infection. The simple methodology and high assay sensitivity
suggest that Qubit plasma cfDNA quantification may be useful in
identifying CM cases in field settings where resources and trained staff are
highly limited.

Al SCOPE - OPEN SOURCE AUTOMATED MICROSCOPY
USING MACHINE LEARNING FOR MALARIA DIAGNOSIS

Eduardo Peire Paredes’, Laura Moro', Ramon Perez Tanoira?, Jakub
Cieslik®, Wiebe Wagemans', Raminderpal Singh*, Ernesto Salazar
Sanchez®, Maria J. Pons?, Antonio M. Quispe’

'Ai Scope, Barcelona, Spain, ?Servicio de Enfermedades Infecciosas, IIS-
Fundacion Jiménez Diaz, Madrid, Spain, *Wroctaw University of Science
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Newcastle University, Newcastle, United Kingdom, *Facultad de medicina
de la Universidad Nacional de la Amazonia Peruana, Loreto, Peru,
SUniversidad Cientifica del Sur, Lima, Peru, “Johns Hopkins Bloomberg
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Access to accurate microscopy diagnosis still represents a cornerstone

for delivering treatment for many global killers. Currently, machine
learning reached a point where deep learning scripts (convolutional neural
networks) can help to improve the accuracy of microscopy diagnosis by
recognizing pathogens automatically, quickly and accurately, even with
low image resolution. The study aim was to develop an open source
automated microscope and assess its diagnostic accuracy for falciparum
malaria. The Ai Scope was developed as an automated, low cost (under

1

50%), portable, user-friendly and multiplatform, do-it-yourself microscope.
It was designed to allow to plug in any of the standard smartphones.

The scripts were developed using deep learning frameworks TensorFlow
(for the first models) and MXNet (latest version). Also, it allows further
applications such as real-time surveillance, big data analytics, and
telemedicine. The mobile app connects via Bluetooth to the microscope
motors for slides focusing and mapping. To train the Plasmodium
falciparum malaria deep learning script we used a total of 1,317 images
from Giemsa-stained thick blood smears. Of these, we obtained 5,492
images from infected erythrocytes with ring-stage trophozoites and 5,492
images from nearby uninfected erythrocytes as controls. We randomly
extracted 70% from each subset to train the neural network during

150 epochs using technics of data augmentation such as rotations and
symmetries. We used the remaining 30% to assess its diagnostic accuracy
of the algorithm. Compared to controls, the Ai scope correctly classified
98.2% of the positive images, with an estimated sensitivity of 97.2-
98.6% (95% Cl), a specificity of 97.7-98.9%, a positive predictive value
of 97.6-98.9%, a negative predictive value of 97.3-98.6%, and a ROC
area of 97.7-98.9%. To sum up, the Ai Scope showed promising results
by diagnosing ring-stage trophozoites accurately from falciparum malaria
under laboratory conditions. Further improvements will allow the Ai Scope
to offer the diagnosis of other infectious diseases such as tuberculosis and
diarrhea caused by intestinal parasites.

ASSESSMENT OF ULTRASENSITIVE DIAGNOSTICS FOR
ASYMPTOMATIC MALARIA IN A HIGH TRANSMISSION AREA
OF ETHIOPIA

Seble G. Demissie’, Sindew Mekasha Feleke?, Adugna Abera?,
Abu Naser Mohon?, Lemu Golassa', Dylan R. Pillai®

"Addis Ababa University, Addis Ababa, Ethiopia, *Ethiopian Public Health
Institute, Addis Ababa, Ethiopia, University of Calgary, Calgary, AB,
Canada

To accomplish malaria elimination, it is necessary to address the
asymptomatic reservoir which contributes to perennial transmission.
Microscopy and rapid diagnostic tests (RDT) are feasible, but they have

a relatively high limit of detection. Hrp2/3 gene deletions may also
contribute to false negative RDT results. Molecular methods such as
polymerase chain reaction (PCR) are highly sensitive but remain too
complex. There is an urgent need for ultrasensitive diagnostics able to
identify low-level infections and parasites with Hrp2/3 deletions at the
community level. We performed a community-based, cross-sectional study
in Gambella, Ethiopia at four kebeles in the district of Abobo between
November 2017 and March 2018. Individuals were screened to determine
baseline medical information and epidemiological data. If afebrile, blood
was collected by venipuncture in EDTA blood tubes. Two RDTs (SD Bioline
PfHrp2/PfLDH and Carestart PfHrp2/PvLDH) were performed on site.
Ultra-sensitive RDT (Alere PfHrp2) was also performed from stored blood
samples. Dried blood spots (DBS) were collected on site and hemoglobin
measured using HemoCue® HB 201+ strips. DBS was evaluated by
ultrasensitive loop mediated isothermal amplification (usSLAMP) and
real-time PCR (RT-PCR). We collected 940 blood samples from afebrile
community members. The majority were female (526, 56%), adult (676,
72%), living in rural areas (800, 85.1%) and farmers (545, 58%). Blood
testing revealed that 225 (23.9%) were anemic. The prevalence of P
falciparum malaria among the subjects studied was 4.3% (40), 2.64%
(25) and 8.1% (76) as detected by Carestart PfHrp2, SD Bioline PfHrp2/
PfLDH and ultrasensitive Alere PfHrp2 RDTs, respectively. Preliminary
results with usLAMP suggest 10 out 46 (21.7%) are positive for malaria.
Our data demonstrate that the ultrasensitive RDT targeting PfHrp2 can
detect between 1.9 to 3.1 times more cases of P falciparum malaria

than traditional RDTs, whereas usLAMP can detect 5.0 to 8.2 fold higher
asymptomatic individuals in this high transmission setting. Current efforts
are focused on completing usLAMP and RT-PCR on all specimens.
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META-ANALYSIS OF ANOPHELES GAMBIAE POPULATIONS
FROM ACROSS AFRICA IDENTIFIES POTENT NEW
PYRETHROID RESISTANT MECHANISMS

Victoria A. Ingham, G Lycett, Simon Wagstaff, A Anthousi,
Hilary Ranson

Liverpool School of Tropical Medicine, Liverpool, United Kingdom

Vector control represents the single largest contributor to the reduction in
human malaria cases since the year 2000 with pyrethroid treated bednets
estimated to be responsible for nearly two thirds of the malaria cases
averted. Resistance to pyrethroid insecticides is now widespread in African
malaria vectors and there is increasing evidence that this is reducing the
efficacy of bednets. In order to understand more about the causes and
consequences of pyrethroid resistance for malaria control, we searched

all available transcriptomic data on insecticide resistant populations across
Africa to identify the major resistance mechanisms. Previous approaches
for selecting potential resistance mechanisms have largely focused on a
priori candidates such as those associated with insecticide detoxification.
By integrating 31 geographically disparate datasets, representing
collections over 5 years (2009-2014) and three species of the Anopheles
gambiae complex, and using gene silencing to confirm the association
between transcriptomics profiles and resistance phenotype we have: (a)
Confirmed the association between over expression of a small subset of
cytochrome P450s and pyrethroid resistance; (b) Identified novel gene
families representing potent resistance mechanisms across much of Africa;
(c) Identified potential transcriptional regulators of insecticide resistance;
and (d) Employed correlation networks to identify putatively co-regulated
transcripts and hence, elucidate transcript function. A public access, easy
to use ShinyR web-based application (IR-TEx), has been developed to
facilitate integration of future data on insecticide resistance and to enable
the geographic distribution of resistance genes to be visualised.

SEXUAL SELECTION AS A POSSIBLE DRIVER OF CUTICULAR
INSECTICIDE RESISTANCE IN ANOPHELES GAMBIAE
POPULATIONS FROM WEST AFRICA

Kelsey L. Adams’, William R. Shaw', Abdoulaye Niang?, Simon
Sawadogo?, Jennifer Wang?, Adam South', Maurice Itoe’,
Kristine Werling', Hilary Ranson®, Abdoulaye Diabaté?, Flaminia
Catteruccia’

"Harvard University, Boston, MA, United States, ?Insitut de Recherche en
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Insecticide resistance is now widespread across Africa and threatens
progress in vector control efforts against Anopheles mosquitoes, the
vectors of malaria. Several mechanisms are known to convey insecticide
resistance, including target site mutations, metabolic resistance,
behavioural changes, and cuticular resistance. Cuticular resistance is
characterized by a thickening of the cuticle, including an increase in

the quantity of Cuticular hydrocarbons (CHCs) present in the epicuticle.
Cuticular resistance has been only recently described in Anopheles
mosquitoes, and the extent of its contributions to resistance in natural
populations is not yet understood. We therefore investigate the presence
of cuticular resistance in natural populations of Anopheles mosquitoes

in Burkina Faso. Additionally, we hypothesize that an increase in CHC
production may play overlapping roles with mate selection, given known
roles of CHCs in mating behavior of other Dipterans. To address these
questions, we exposed mosquitoes derived from natural breeding sites

in Burkina Faso to permethrin, using time to knock-down to classify
individuals into groups of high, medium, and low permethrin resistance.
We measured quantities of CHCs in these mosquitoes using hexane
extraction of hydrocarbon compounds followed by Gas Chromatography

Mass Spectrometry. We demonstrate for the first time, to our knowledge,
that higher quantities of CHCs are correlated with higher levels of
insecticide resistance in natural Anopheles populations. We further
investigate the association of CHCs with mating success by comparing
CHCs of males caught in copula from natural mating swarms with

CHCs of males who were not mated during the time of the swarm. We
find higher levels of CHCs in mated males compared to their unmated
counterparts, indicating that increased CHC production is associated with
mating success, as well as insecticide resistance. This provides evidence for
a sexual selection mechanism for cuticular resistance, which could greatly
affect the dynamics of spread of insecticide resistance by increasing the
selective pressure on resistance traits.
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We describe the launch of an open, collaborative network, leveraging
genome sequencing technologies to undertake coordinated surveillance
of malaria vector populations. In Africa the network has two overarching
goals. The first goal is to realise the use of genome sequencing as an
operational tool for insecticide resistance management (IRM), providing
information and tools to aid the design of optimal IRM strategies, and
providing feedback on the impact of IRM implementations on vector
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populations and their adaptive responses. The second goal is to accelerate
the development of new vector control tools, particularly new insecticides,
synergists, and gene drive systems, by providing comprehensive data

on natural genetic variation, and by using genetic data to estimate key
parameters needed to model vector population dynamics, particularly
aestivation and migration behaviours. In Southeast Asia the goal is to
survey the full taxonomic diversity of malaria vector species, and to
identify and characterise the species and populations that are primarily
responsible for malaria transmission in different geographical locations,
especially transmission of parasites resistant to antimalarial drugs. Building
on insights, technologies and best practices developed in the Anopheles
gambiae 1000 Genomes Project, the Vector Observatory has been
operating in a pilot phase since 2017, and has been establishing lab,

data processing and analytical pipelines to accommodate whole genome
sequencing of 10,000 mosquito specimens per year, as well as developing
new sequencing technologies that can scale to larger sample sizes and

be deployed to regional facilities. We give an overview of current projects
and partnerships within the network, the datasets generated so far, the
model for participation in the network, and the roadmap for future data
generation and technology development. We illustrate the network with
three case studies: (1) longitudinal sampling of An. gambiae complex
populations in West Africa; (2) A broad geographical survey of African An.
funestus populations; (3) A taxonomic survey of Anopheles species from
Cambodia.
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The development of new vector control tools, both insecticides and
methods for their delivery, is essential if the challenges of resistance and
other threats to malaria control are to be met. Widespread resistance
across insecticide classes and the lengthy screening pipeline for new
chemistries mean that rapid, accurate and informative assays to
supplement or replace existing evaluation methods are urgently needed.
We are developing a suite of bioassays incorporating human bait, ranging
in scale from bench top (e.g. simple wind tunnel, modified cone tests,
thumb tests) to room scale (video tracking at whole LLINs), to explore
and quantify detailed behavioral responses to vector control products.
Early results using pyrethroid susceptible and resistant An. gambiae in
various bench top assays showed that behavior at untreated netting and
LLINs (PermaNet® 2.0, Olyset) was not altered by insecticide susceptibility
status. Without access to bloodfeed, mosquitoes mainly rested on nets,
with some ‘bouncing’ (multiple rapid brief contacts) and probing. When
allowed to bloodfeed through nets, feeding duration was reduced
significantly on LLINs compared to untreated nets, in both susceptible and
resistant strains. A modified WHO cone test that video records responses
to a host demonstrated that mildly repellent effects seen with some

net treatments, are overridden by the presence of the host, whether or
not feeding is permitted. Since resistant populations of An. gambiae

s.I. are now the norm across Africa, we have been exploring impacts of
insecticides beyond 24-hrs post-exposure, by examining possible sub-
lethal impacts on longevity, reproductive output and re-feeding rates in
‘resistant’ strains (as defined by WHO tests). Data and video from this
suite of assays allows characterization of a wide and complex range of
behavioral responses and consequences of mosquito exposure to, and
interaction with, vector control products and illustrate their potential

to provide meaningful data far beyond what is currently possible using
existing standard assays.
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Metabolic resistance in the form of increased expression of detoxification
genes underlies much of the insecticide resistance observed in mosquito
populations, yet the causal genetic variants for these differences remain
poorly characterised. Using data from the Anopheles gambiae 1000
Genomes project, we have described 44 duplications found in four major
detoxification gene clusters (GSTU4-GSTE3, CYP9K1, CYP6M2-CYP6Z1
and CYP6AAT-CYP6P2), with 10 of the 11 independent duplications

in the GSTU-GSTE cluster encompassing GSTE2 and 13 out of the 15
independent duplication in the CYPEAA-CYP6EP cluster encompassing
CYP6AAT. We designed molecular assays, based on the duplication
breakpoints to test for the presence of duplications in a wide range of
recently collected samples. We found that some of these duplications have
risen sharply in frequency, suggesting a response to selection by insecticide
pressure.
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Widespread insecticide resistance amongst insect pests establishes a need
for new insecticides with unique modes of action. Insects are known to
possess muscarinic acetylcholine receptors (mAChRs), and muscarinic
agonists are effective insecticides, but suffer from high mammalian toxicity.
Of the three types of MAChRs in insects (A, B, and C), type-B activation

is thought to decrease levels of cCAMP and is pharmacologically distinct,
having little sensitivity to the classical mMAChR antagonist, atropine.
Recently, we've identified a novel pyrazole oxime (747) that is toxic to
An. gambiae (WHO paper assay LC,; = 0.122 mg/mL), has low toxicity

to mice (oral LD, > 2,000 mg/kg), and shares some structural similarity
to pilocarpine, a non-selective mAChR agonist. Pilocarpine and 747 also
shared similar signs of intoxication in mosquitoes, which include lethargic
movement and loss of flight behavior. Pilocarpine toxicity was antagonized
by atropine injection, whereas 747 toxicity was not. Consequently, we
hypothesized that 747 affects the insect mAChR-B receptor. Exposure of
a larval Drosophila melanogaster CNS preparation to 10 uM 747 resulted
in a biphasic effect on the CNS firing rate; a slight increase followed by a
nearly complete inhibition of nerve discharge. Neither effect was blocked
by atropine. Whereas, pilocarpine’s (10 pM) biphasic effect on CNS nerve
firing, with strong initial neuroexcitation, was sensitive to atropine.. In
addition to the electrophysiology preparations, biochemical assays using
cockroach nerve cord showed that 747 (10 uM) resulted in a significant
decrease in the production of forskolin-stimulated cAMP, and this effect
was insensitive to atropine (100 pM). The insect mMAChR-B is an attractive
target for mosquitocide development that warrants further investigation.
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A deeper understanding of the biological mechanisms underlying
insecticide resistance in malaria vectors is needed to mitigate its threat

to vector control efforts. Our previous findings identified links between
Anopheles albimanus microbiota and resistance to the organophosphate
insecticide fenitrothion. We have now characterized the microbiota of
An. albimanus with differing pyrethroid resistance profiles across four
locations in Guatemala using 16S rRNA gene sequencing. We focused
on identifying patterns of microbial composition across mosquitoes
expressing susceptibility or resistance to alphacypermethrin, deltamethrin
and permethrin, in both larvae and adults. F1 progeny of wild-caught
mosquitoes from each location were reared separately under identical
conditions, and characterized using the CDC bioassay as resistant (Res),
susceptible (Sus) or unexposed to insecticide (Unexp). This resulted in 44
pools of late instar larvae and 45 pools of 2-5day old non-blood-fed virgin
adult females - 3 mosquitoes/pool, 3 pools/category, with all insecticides
tested in at least one location. Differential microbial compositions
(p<0.05), mostly driven by type of insecticide (R2=0.51), were identified
between Res, Sus and Unexp, for all three insecticides, in both larvae and
adults, and across each location tested. With more than five-fold greater
abundance in Res compared to any other category (p<0.05), Klebsiella
(alphacypermethrin and deltamethrin), Asaia and Pantoea (permethrin)
were identified as candidate markers associated with resistance in adults
but not in larvae, suggesting the presence of transient microbiota in
larvae. These results build upon our initial findings and identify candidate
microbial markers of pyrethroid resistance in adult An. albimanus that
are being functionally validated. The results also suggest a specificity of
candidate microbial markers within the pyrethroid class of insecticides.
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Despite global efforts to control and prevent malaria, it remains one of
the most important global public health issues. Large-scale prevention
programmes include intermittent preventive treatment for pregnant
women (IPTp) using sulfadoxine-pyrimethamine (SP), and Seasonal Malaria
Chemoprevention (SMC) with monthly courses of amodiaquine plus SP

to all children under 5 years in the high transmission season in areas of
the Sahel sub-region of Africa. Molecular surveillance of mutations in

the pfdhps gene can guide the assessment of the effectiveness of IPTp.
This study updated previously developed geospatial maps displaying the
published evidence of the prevalence of dhps540E, a marker associated
with resistance to SP. To update these maps a systematic literature search
was conducted to identify publications with data on dhpsK540E genotype
and/or haplotype combined with other alleles from P, f pre-treatment
isolates, study year and geo-position in publications up to 2017. Data were
extracted from the publications and entered into a standardised relational
database. In total, we used 366 data points (42514 samples) collected

between1978-2015 across 41 countries and 253 sites. The data was used
in a Bayesian model based geostatistics approach to create predictive
distributions of the prevalence of dhpsK540E in Africa from 1990 to
2015. These predictive maps provide predicted resistance levels in places
where no data are available and give insight on the spatial and temporal
spread of resistance in a way that the data alone do not allow. The maps
present the changing spatio-temporal prevalence patterns across Africa.
Interestingly, despite SP use in IPTp and SMC, the prevalence of dhps540E
is remarkably stable from 2010-2016. In East Africa, although SP has not
been widely used as a treatment regimen for many years now we do not
see a return to the wildtype population. There is reduced drug pressure
on the parasite population but the prevalence of this resistance marker
remains high, confirming other studies that suggest the mutation does not
confer a high fitness cost for the parasite.
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Malaria elimination is an important public health goal for countries in the
Greater Mekong Subregion (GMS), Bangladesh and India. In the GMS,

the reported number of malaria cases has declined by 74% and deaths

by 91%. However, malaria hotspots persist in remote rural and forested
areas close to border regions, with disproportionate representation of
migrant and marginalized communities. Dihydroartemisinin-piperaquine
resistance first noted in Cambodia has also been reported in Southern
Vietnam. We hypothesize that dissemination of malaria and anti-malarial
drug resistance could take place through migration. From August 2015,
we have interviewed 4469 patients with malaria from over 150 study sites
and obtained information on demographics and travel patterns (including
travel to forests). These were combined with census and surveillance data
from the national malaria control programmes. Dried blood spots were
also collected to examine malaria parasite DNA. Of the 4469 patients
collected so far, 48% of cases are from Bangladesh primarily through

the Bangladesh Genotype Mobility study, and the rest are from ongoing
studies (Lao PDR: 21%, Cambodia: 13%, Vietnam: 10%, India: 6%,
Myanmar: 2%, and Thailand: 1%). Of the study population, Plasmodium
falciparum, vivax and mixed infections were at 74%, 20% and 5%
respectively. 71% were males, median age was 29, with 1% of children
under 5 and 14% aged 5 to 15 years. 85% of cases reported having
traveled, and over 64% reported having lived in or visited the forest. Travel
patterns were further analyzed to identify mobile population groups,
nodes of high traffic and possible sources and routes of spread of malaria.
Travel was heterogeneous across demographic groups and spatially from
village up to inter-country level, determining risk groups at coarse and fine
scales. We aim to collect and analyze data from at least 5000 cases by end
of this malaria season. Through working in close partnership with national
programs and health workers, this improved understanding of the impact
of population movement aims to inform elimination efforts in the region.
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CLUSTERING OF SUBPATENT PLASMODIUM FALCIPARUM
AND P. VIVAX INFECTIONS AROUND PATIENTS IN A LOW-
ENDEMIC SETTING AIMING FOR ELIMINATION: BATU
DEGAGA KEBELLE, ADAMA WOREDA, OROMIA, ETHIOPIA

Fitsum G. Tadesse
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The heterogeneous distribution of infections in settings aiming for malaria
elimination challenges finding and treating all relevant infections. In this
study we carried out a reactive active case detection: family members

and immediate six neighbors of index cases (patients with RDT-confirmed
malaria) and controls (who visited the health facility for non-malaria
cases) for malaria using RDT and quantitative PCR between October

and December 2016 in Batu Degaga kebelle, Adama Woreda, Oromia,
Ethiopia. Overall parasite prevalence was 9.7%(90/931) by RDT and
24.0%(218/907) by qPCR. gPCR-detected Plasmodium falciparum (Pf)
infection prevalence was higher in the community surrounding index
cases (13.9%) compared to controls (9.5%; P=.038) while there was no
difference for P vivax (Pv) (P=.926). Four geographically non-overlapping
hotspots of any malaria cases with relative risk of 2.11, 1.90, 1.89 and
1.86 were detected (within 280-590meters radius) using SaTScan. Self-
reported previous malaria episodes were higher in individuals who lived
within risk areas compared to outside risk areas (33.1%, 177/233 vs 1.5%,
3/203; odds ratio[OR], 32.9; 95% Cl, 10.2-106.3). Family members who
live in households with >1 RDT-confirmed Pf individual were considerably
more likely to have gPCR-detected Pf infection (32.4%, 11/34) compared
to individuals in households without RDT-detected infection (5.9%,
47/795; OR, 7.6; 95% Cl, 3.5-16.5; P<.001). Similar findings were found
for Pv; (25.0%, 17/68) vs (11.8%, 94/795; OR, 2.5; 95% Cl, 1.4-4.5;
P<.0045), respectively. Outdoor activities (staying outside late in the
evening and leaving early morning) and presence of eave opening were
found associated with malaria risk. Data on relatedness of infections within
and between households is being assessed using microsatellite markers
and will be completed in the coming months. The findings in the present
study indicate that subpatent infections are clustered around patients
that present to health facilities and detected by standard diagnostics. This
suggests that interventions targeted to index case households may support
malaria elimination initiatives.

BIAS IN ROUTINELY COLLECTED MALARIA SURVEILLANCE
DATA DUE TO ASYMPTOMATIC INFECTIONS ACCORDING
TO TRANSMISSION INTENSITY (A PROXY FOR PROTECTIVE
IMMUNITY): A POOLED ANALYSIS OF PAIRED HEALTH
SYSTEM AND COMMUNITY CROSS-SECTIONAL SURVEY
DATA
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Routinely collected health systems data is the foundation of most
malaria programs, both to estimate burden and to inform control and
elimination programs. However, in some communities, the prevalence
of infected individuals that do not seek care due to being asymptomatic
can be significant. Immunity acquired with repeated exposure modifies
the probability that a person will become symptomatic. Therefore, the
proportion of infected individuals at any given time that will become
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symptomatic is expected to be modified according to transmission
intensity. The aim of this research was to determine the relationship
between the proportion of all infections in the community that are
identified within the health system and transmission intensity, as a

proxy for levels of protective immunity present in the community. Paired
community and health system data in both time and space were collected
from 282 clusters in 9 countries. The proportion of infections detected

in the health system was estimated by the quotient of the number of
infections detected at the facility and the total number of PCR confirmed
infections in the community and those detected in the facility. The
proportion was modeled according to transmission intensity, measured

by overall population prevalence by fitting a linear relationship on the log
odds scale using Bayesian Markov Chain Monte Carlo methods to account
for differences in health systems and other key factors across the clusters.
Preliminary results indicate that the proportion of infections reported by
the health system starts to increase when overall malaria prevalence in the
community is 5.9% to a maximum of 100% of infections. These findings
suggest that in elimination settings, health systems can be relied upon to
detect most malaria infections in a community once overall prevalence is
sufficiently low.

ANTENATAL CLINIC SURVEILLANCE FOR MALARIA
ACCURATELY REFLECTS COMMUNITY MALARIA INFECTION
PREVALENCE IN A HIGH TRANSMISSION SETTING IN
WESTERN KENYA
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Surveillance systems in malaria endemic countries rely on passive detection
of laboratory confirmed cases presenting to outpatient health facilities,
community health workers, or other monitored outlets. In areas where
many infections do not result in clinical symptoms, such as western Kenya
where >75% of infections are asymptomatic, this strategy likely does

not reflect community transmission dynamics. Community-based cross-
sectional studies may provide more accurate estimates of infection, but are
not scalable due to cost. Where antenatal care (ANC) attendance is high
(>90% in western Kenya), pregnant women may serve as an easy access
group as they are routinely screened for malaria during their first ANC visit.
We compared 11 months of malaria prevalence data collected through a
continuous community-based cross-sectional survey to test positivity rates
in women attending first ANC visits collected from routine ANC records,
to assess this population as a proxy for community malaria prevalence.
Between April 2015 and June 2016 there were 998 first ANC booking
visits with RDT results in the 5 health facilities, representing 10 geographic
sub-locations. Of these, 110 (11.0%; 95% Confidence Interval [CI]: 9.2—
13.1%) were RDT positive, with a test positivity rate range by sub-location
of 2.5-20.3%, and by month of 3.8-15.5%. In the same geographic
sub-locations over this period, 2108 individuals of all ages were tested

for malaria by RDT in cMIS, and 436 (20.7%; 95% Cl: 19.0-22.5%) were
positive. Prevalence in cMIS by sub-location ranged from 12.3-39.5%, and
by month from 8.5-28.4%. The Pearson correlation coefficient between
ANC surveillance and cMIS by sub-location was 0.84 (p= 0.0098), and by
time was 0.69 (p=0.025). We found a strong correlation between malaria
RDT test positivity rate amongst women attending their first ANC booking
visit and community malaria infection prevalence estimated by cMIS

when comparing proportions over time and by geographic location. This
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suggests that in this area with a high first ANC coverage rate, pregnant
women may present a sustainable proxy for trends in population malaria
infection prevalence.

WHAT PROPORTION OF MALARIA CASES IN AFRICAN
CHILDREN RECEIVE EFFECTIVE TREATMENT?

Ursula Dalrymple, Ewan Cameron, Peter W. Gething
University of Oxford, Oxford, United Kingdom

Understanding the proportion of malaria infections that receive and
adhere to effective treatment and are subsequently cured is vital for
measuring progress in lowering the burden of malaria. Using household
survey datasets for over 170,000 children over the past decade, we extract
information on two-week malaria positivity and fever and treatment
history. By coupling this data with a predictive model to distinguish
between fevers attributable to malaria and fevers caused by non-malarial
febrile illness (NMFI), we estimate the proportion of malaria infections that
are removed from the surveyed population by effective treatment. Further,
we estimate the proportion of malaria-positive fevers that would not be
cured by effective treatment due to co-infections with NMFI, and estimate
the rate of inappropriate treatment of NMFI with antimalarial medication.
We quantify the proportion of individuals within the household surveys
whose infections are not removed as an individual passes through each
stage between infection and cure: i) their infection is asymptomatic, ii)
they do not seek treatment, iii) they do not receive an antimalarial at the
health facility they visit (and the proportion of individuals who receive

a parasite-based diagnosis in-clinic), iv) they are non-adherent to the
prescribed antimalarials, and v) the treatment fails. By adding quantitative
information to the reasons why infections remain untreated, we measure
the achievements of malaria interventions through time and identify
coverage gaps where further interventions should be targeted.

ETHIOPIA: ASSESSMENT OF MALARIA TRANSMISSION
DYNAMICS USING MULTIPLEX SEROLOGICAL ASSAY
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Serological methods are increasingly utilized to estimate malaria
transmission in low transmission settings. Malaria burden measures using
conventional diagnostic methods in cross-sectional household surveys
may incompletely detect the intensity and pattern of malaria transmission
over time. This study describes the seroprevalence and pattern of malaria
transmission in Ethiopia. Dried blood spot (DBS) samples collected during
the Malaria indicator Survey 2015 representing malarious areas of Ethiopia
were analysed with bead-based multiplex assays for IgG antibodies

to 12 Plasmodium spp. antigens. Species-specific responses to MSP1
antigens were used to estimate the seroprevalence for the four human
malaria species (Plasmodium falciparum, P vivax, P malariae and P ovale).
Frequency of seropositivity and seroconversion rates were fitted to models
stratified by altitude and administrative regions. Of 8045 DBS samples

collected, 7961 serological results were available for analysis. The mean
age of participants was 14.8 years (95% Cl: 14.7-17.3); 4197 (52.7%)
participants were female. National seroprevalence was 26.4 % (95% Cl:
25.5-27.5) for P falciparum and 20.6% (95% Cl: 19.7-21.5) for P vivax.
Estimated seroprevalences for P malariae and P ovale were 3.7% (95%
Cl: 3.3-4.2) and 1.1% (95% ClI: 0.9-1.4), respectively. Seroprevalences
were higher at lower altitudes (<2000m) compared to higher altitudes
(2000-2500m); OR 2.2 (95% Cl: 1.8-2.6) and 1.3 (95% Cl: 1.1-1.6) for

P falciparum and P vivax, respectively. Among Regions, the P falciparum
seroprevalences ranged from 41.4% (95% Cl: 36.3-46.8) in Benishangul-
Gumuz to 3.6% (95% Cl: 0.9-13.3) in Harari Region. For P vivax, the
seroprevalence ranged from 37.0% (95% Cl: 33.7-40.3) in Amhara to
3.1% (95% Cl: 2.0-4.6) in Somali Region. Models fitted to measure
transmission patterns show variability by regions, antigen type and within
species. Using serology, this study explored the cumulative malaria burden
in Ethiopia and the use of multiplex assay on multiple antigens in a low
transmission setting as a more sensitive biomarker using samples collected
in a national survey.

EVALUATING THE IMPACT OF ANTHELMINTIC-BASED
INTERVENTION STRATEGIES FOR CONTROLLING LOA LOA: A
MATHEMATICAL MODELLING STUDY USING EPILOA

Charles Whittaker', Martin Walker?, Sébastien Pion3, Cédric
Chesnais?, Michel Boussinesq?, Maria-Gloria Basanez!

"London Centre for Neglected Tropical Disease Research and Department
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United Kingdom, 3UM | 233 IRD — U 117 5 INSERM - Université de
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Although traditionally considered a benign condition, increasing evidence
suggests that loiasis (caused by the filarial nematode Loa /oa) poses a
significant public health burden to the ¢.10 million infected individuals
across Central Africa. Recent results have demonstrated a significant
impact of high microfilaraemia on mortality, as well as an association
between infection and severe cardiac, renal and neurological conditions,
in addition to the more common “eyeworm passage” and “Calabar
swellings”. Mathematical models provide useful tools with which to
understand and quantify the population biology and transmission
dynamics of filariases, providing a rigorous framework to evaluate and
compare different control strategies. We have previously presented a
review of Loa loa biology and epidemiological dynamics, and here we
build on this foundation to develop and parameterise a (deterministic)
model of loiasis transmission and control (EPILOA). EPILOA was fitted to
infection intensity (microfilariae/ml) data from Cameroon to estimate how
exposure to infection varies with host age and sex. After capturing the
demographic profiles of infection observed, EPILOA was used to explore
the impact of strategies aimed at controlling Loa loa, centred around the
delivery of anthelmintics. This model provides, for the first time, a means
to inform the design and evaluation of interventions directly targeting
this neglected but important disease (rather than as a collateral benefit
of treating onchocerciasis and/or lymphatic filariasis). This work highlights
the significant impact that programmes targeting loiasis directly could
have on improving the health of millions across Central Africa, indicates
operational research gaps (such as the potential impact of vector control),
and identifies the pressing need for a better understanding of key aspects
of Loa loa lifecycle and population biology.
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EFFECTIVE STRATEGY FOR THE ELIMINATION OF
ONCHOCERCIASIS IN CENTRAL AFRICA
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Thirty-one years after the discovery of the effect of ivermectin on
onchocerciasis, this drug has substantially reverted the severity of
onchocerciasis in endemic countries. The success of onchocerciasis control,
especially in African countries, is the result of the Community Directed
Treatment with Ivermectin (CDTI). With this success, the paradigm has
shifted from the elimination as a public health concern to complete
elimination of this blinding disease. Therefore, mass treatment previously
indicated for meso- and hyper-endemic communities should now be also
distributed in hypo-endemic communities. Despite the success of CDTI, the
extension of treatment in hypo-endemic areas remains a great challenge
in Central Africa where loiasis is endemic and where mass ivermectin
distributions were proscribed by fear of the occurrence of Severe Adverse
Events (SAEs). Indeed, subjects heavily infected with Loa loa can develop
severe encephalopathies after treatment with ivermectin. To overcome
this difficulty, a new strategy (TaNT) was developed to help preventing
SAEs. To reduce the costs of this intervention and to render this strategy
operational, a community TaNT was developed, based on the CDTI model,
with a duo of a blood drawer and a LoaScopist to perform the test prior
treatment by Community Drug Distributors (CDDs) in each community.
This strategy was implemented in the Soa Health District in Cameroon,
known to be hypoendemic for onchocerciasis and endemic for loiasis.
Adverse Events (AEs) surveillance was done by the research team. A total
of 36,070 subjects were tested and 27,596 treated by the community
team. Treatment coverage was 45.9%, ranging between 34.4% and
78.5%. A total of 226 (0.6%) were excluded from ivermectin treatment
because of high Loa mf loads. During the campaign, 189 (1.3%)
complained of AEs. This study reveals that after only two days training,
the community team has been able to conduct the TaNT strategy, and
importantly no SAE case was recorded. This strategy appears as a viable
alternative strategy to accelerate onchocerciasis elimination wherever it is
endemic.

ASSESSING HYPOENDEMIC ONCHOCERCIASIS IN LOA LOA
ENDEMIC AREAS OF SOUTHEAST NIGERIA

Lindsay Rakers', Emmanuel Emukah?, Barminas Kahansim3,
Bertram E. Nwoke*, Emmanuel S. Miri2, Emily Griswold?,
Emmanuel Davies®, Cephas Ityonzughul?, Frank O. Richards'
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Nigeria has a new national plan for onchocerciasis that moved its
objective from control to transmission elimination. Under the control
program, ivermectin mass drug administration (MDA) focused on hyper/
meso-endemic local government areas (LGAs) designated by Rapid
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Epidemiological Mapping of Onchocerciasis (REMO) to have >20% nodule
rates. The new elimination paradigm requires MDA be expanded into
hypoendemic LGAs; WHO has suggested MDA where OV-16 antibody
rates in adults are >2%. Southern Nigeria is coendemic for Loa loa

and onchocerciasis; if a person has high density L. loa microfilaremia
(HDLLMF), treatment with ivermectin can cause central nervous system
adverse events (CNS-AEs). The country is faced with the challenge of
determining 1) if there is onchocerciasis transmission in the untreated
Loa loa endemic LGAs, and 2) if so, whether MDA can be given there
with low risk due to absence of HDLLMF. Our study took place in 2016,
in 19 LGAs likely to have onchocerciasis due to their proximity to hyper-
or mesoendemic (MDA treated) LGAs. In 110 villages in these LGAs, 50
adults and 50 children (aged 5-10) were tested for HDLLMF by LoaScope
and onchocerciasis antibody using an OV-16 rapid diagnostic test (RDT).
In a subset of the sample, a blood spot was also taken for confirmatory
OV-16 ELISA. The mean prevalence of RDT positives was 0.5% in the
5,401 children sampled (village range 0.0 - 6.0%) versus 3.2% in the
5,355 adults sampled (village range 0.0 - 58.0%). Five LGAs had no

RDT positives. Preliminary blood spot results (600 analyzed so far out of
2,200) indicate 96.8% concordance between the OV-16 RDT and ELISA.
Combining these results with a previously reported LoaScope assessment
showing no HDLLMF, we analyzed our data by proposing MDA at three
possible OV-16 thresholds: >1% in children, >1% of adults (as proposed
by WHO), or >2% of adults. Each of these yields a different treatment
subset of the LGAs tested: 4 (21%), 9 (47 %) or 3 (16%) of the 19 LGAs,
respectively. If children and adults (>1%) are both used, 10 LGAs (53%)
should be treated.

ENVIRONMENTAL FACTORS ASSOCIATED WITH LOIASIS
HOTSPOTS IN CAMEROON

Xavier Badia', Hannah Betts', David Molyneux', Samuel Wanji?,
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'Department of Parasitology, Liverpool School of Tropical Medicine,
Liverpool, United Kingdom, ?Department of Microbiology and Parasitology,
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Loiasis is a vector-borne filarial nematode caused by Loa loa and
transmitted by Chrysops vectors, which are confined to the tropical forests
of Central and West Africa. Loiasis is a major impediment to lymphatic
filariasis and onchocerciasis elimination programmes due to severe adverse
events associated with ivermectin mass drug administration. There is an
urgent need to better refine and map high-risk loiasis communities to
enable the deployment of new diagnostics and alternative treatment
strategies. Understanding the ecology of vectors and factors driving

high transmission may help to identify loiasis hotspots. The availability

of satellite and remote sensed data provided an opportunity to examine
environmental factors associated with L. loa prevalence (%) and intensity
(mf/ml) in Cameroon. Georeferenced data from 42 villages across five
zones within two distinct bio-ecological regions were examined; Equatorial
Rainforest in South-West region (deciduous equatorial rainforest; dense-
humid equatorial rainforest) and the Savannah in North-West region
(grassland savannah, mosaic forest savannah; forested savannah). Using
qGIS software, annual precipitation, annual mean temperature, elevation,
tree cover and canopy height were extracted from raster maps using

a 3km village buffer. Overall temperature (r=0.51 %; 0.41 mf/ml) and

tree cover (r=0.48 %; 0.41 mf/ml) were significantly positively correlated
and elevation (r=-0.51 %; -0.41 mf/ml) negatively correlated with both

L. loa prevalence and intensity. Within the Savannah region, significant
differences between the three zones 20-50km apart were found, and a
linear regression model indicated tree cover and elevation were important
predictors explaining 75.9% of the variance in the model for L. loa
prevalence, and tree cover explaining 57.1% for L. loa intensity in this
region. Similar results were found between villages 2-5km apart within the
high-risk forested zone in this Savannah region. The study highlights that
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environmental analysis can help delineate risk at different geographical
scales, which may be practical for developing larger scale operational
plans.

VALIDATION OF THE LOA ANTIBODY RAPID TEST (LART), A
NOVEL RAPID DIAGNOSTIC TEST (RDT) TO REFINE LOIASIS
MAPPING
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The elimination of onchocerciasis using ivermectin preventive
chemotherapy is contraindicated in areas of Loa co-endemicity due to
the risk of severe adverse events. In onchocerciasis hypo-endemic areas,
the only alternative is a Test-and-Not-Treat (TaNT) strategy, where each
individual is tested for Loa microfilaremia to assess their eligibility for
ivermectin. This strategy, though successfully implemented in Cameroon
with the LoaScope, is expensive and hardly scalable. High resolution
maps of Loa are needed to minimize the areas where the TaNT approach
must be deployed. The Loa Antibody Rapid Test (LART) is a novel lateral
flow assay that detects a serological response to LI-SXP-1, a validated
marker of L. loa. The present study aimed at validating the performance
of this new RDT for Loa loa infections using field data. A total of 924
dried blood spots (DBS) were collected in nine Cameroonian ivermectin
naive communities with different levels of L. loa endemicity. LoaScope
data was available for all individuals and used as gold standard. The

DBS were eluted and analyzed with the LART. The intensity of the test
lines was visually quantified, by comparing the test line with a printed
score card. Based on the Youden index, the optimal cut-off was set at

6, and the resulting sensitivity and specificity were 79.6% (72.2 - 87.1)
and 76.3% (73.4 - 79.2), respectively. A strong correlation was observed
between seroprevalence and mf prevalence (OR: 12.54; 95%Cl: 7.62 -
21.40; p<0.0001), with the seroprevalence being approximately 4 times
higher than the mf prevalence. Overall, 39% of the people who were
amicrofilaremic responded to the LART. The data suggests that the Loa
Antibody Rapid Test can be used to draw high resolution maps of L. loa
infection and set a seroprevalence threshold above which the communities
should be excluded from MDA and adopt the TaNT strategy.

IMPACT OF REPEATED ANNUAL IVERMECTIN MASS

DRUG ADMINISTRATION ON LOIASIS PARASITOLOGICAL
INDICATORS IN CAMEROON: IMPLICATIONS FOR
ONCHOCERCIASIS AND LYMPHATIC FILARIASIS ELIMINATION
IN AREAS CO-ENDEMIC WITH LOA LOA IN AFRICA
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Abdel Jelil Njouendou?, Benjamin Koudou?, Moses Bockarie?,
Grace Fobi?, Jean Baptiste Roungou?
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Loiasis is a filarial infection endemic in the rainforest zone of west and
central Africa particularly in Cameroon, Gabon, Republic of Congo, and
Democratic Republic of the Congo. Repeated treatments with ivermectin
have been delivered using the annual community directed treatment with
ivermectin (CDTI) approach for several years to control onchocerciasis

in some Loa loa-Onchocerca volvulus co-endemic areas. The impact of

CDTl on loiasis parasitological indicators is not known. We, therefore,
designed this study to explore the effects of several rounds of CDTI on
parasitological indicators of loiasis. The study was conducted in the East,
Northwest and Southwest 2 CDTI projects of Cameroon. Individuals who
consented to participate were interviewed for ivermectin treatment history
and enrolled for parasitological screening using thick smears. lvermectin
treatment history was correlated with loiasis prevalence/intensity. A total
of 3,684 individuals were recruited from 36 communities of the 3 CDTI
projects and 900 individuals from 9 villages in a non-CDTI district. In

the East, loiasis prevalence was 29.3% (range = 24.2%-34.6%) in the
non-CDTI district but 16.0% (3.3%-26.6%) in the CDTI district with

10 ivermectin rounds (there were no baseline data for the latter). In the
Northwest and Southwest 2 districts, reductions from 30.5% to 17.9%
(after 9 ivermectin rounds) but from 8.1% to 7.8% (not significantly
different after 14 rounds) were registered post CDTI, respectively. Similar
trends in infection intensity were observed in all sites. There was a negative
relationship between adherence to ivermectin treatment and prevalence/
intensity of infection in all sites. None of the children (aged 10-14 years)
examined in the East CDTI project harboured high (8,000-30,000 mf/
ml) or very high (>30,000 mf/ml) microfilarial loads. In areas where
onchocerciasis and loiasis are co-endemic, CDTI reduces the number of,
and microfilaraemia in L. loa-infected individuals, and this, in turn, will
help to prevent non-neurological and neurological complications post-
ivermectin treatment among CDTI adherents.

INVESTIGATION OF RISK FACTORS FOR TRANSMISSION OF
GUINEA WORM DISEASE IN DOGS— CHAD, 2018
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Guinea worm (GW) disease, slated for global eradication, is historically a
human disease spread by drinking stagnant water containing microscopic
crustaceans infected with larvae of the roundworm Dracunculus
medinensis, causing clusters of case-patients with worms emerging from
the skin. However, dog infections, reported in Chad since 2012, have
surpassed the few sporadic human cases reported annually, with 1011
infected dogs in 2016 and 817 in 2017. Chad dog GW infections peak
each mass fishing season; lab and field studies have found D. medinensis
larvae in frog tissues and fish intestines, suggesting a possible paratenic
(transport) host. We conducted a case-control study to identify risk
factors for GW transmission in dogs and recommend interventions to
prevent infections. We used a standardized questionnaire to interview dog
owners and their families about their dogs' behaviors, water and food
consumption habits. Case-dogs had emerged worms in 2017 confirmed
by Chad Guinea Worm Eradication Program (CGWEP) supervisors. Each
case-dog was matched to 1-2 controls by age, sex, and residency;
controls came from neighboring households without a history of GW
disease in animals or humans. We performed univariable conditional
logistic regression to calculate odds ratios (OR). We enrolled 73 case-dogs
and 143 controls. Consumption of fish entrails was associated with GW
disease (OR 2.4; 95% confidence interval [Cl]: 1.1-5.2]. There was no
association with frog consumption. Water accessible to dogs that was
provided to other household animals was protective for high-worm burden
dogs (>4 worms) compared to controls (OR 0.2; 95% Cl: 0.04-0.9). This
is the first epidemiologic study to link lab and field observations of a
GW-infected paratenic/transport host with dog feeding habits. CGWEP
should emphasize methods for safe disposal of fish entrails while research
is ongoing to find ways to safely use this food source for dogs. Further
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research is needed to understand the reason for the protective effect of
water and capitalize on its underlying influence. However, CGWEP could
consider adding potable water provision for dogs to its health messaging.

POPULATION GENETICS OF SCHISTOSOME PARASITES
IN SCHOOL AGED CHILDREN BEFORE AND AFTER
PRAZIQUANTEL TREATMENT
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Despite over 14 years of mass drug administration (MDA), there are still
schistosomiasis hotspots in Uganda. Here, we describe longitudinal surveys
of school-aged children (SAC) to understand effects of praziquantel on
parasite genetic diversity and population structure. We recruited SAC

(6 — 14 yrs) across three schools on the shores of Lake Victoria in Mayuge
District, Uganda from 2003 - 2018. We collected parasite infection
intensity and genetic data up to 22 times during the study period. High
prevalence (>70%) with mean moderate S. mansoni infection intensities
were observed at all ‘pre-praziquantel’ treatment timepoints. We utilized
up to 18 microsatellites to examine genetic diversity of parasites between
individuals and schools before and after praziquantel treatment. There is a
significant reduction in diversity with treatment within individual children
but this is not reflected at the intra- and inter- school genetic diversity
levels. Some of the parasites collected four weeks after praziquantel
treatment cluster together despite being collected in different years,
suggesting these parasites have survived repeated treatments. However,
high rates of gene flow, coupled with high reinfection rates, rapidly dilutes
these genotypes within a few months after treatment. Genetic diversity
of parasites increased with host age and was higher in males, with a
significant interaction between host age and sex. The majority of genetic
diversity was observed within a host, with low genetic differentiation
between schools despite large distances between villages. Genetic
structure and estimates of the effective population size suggest that the
thousands of treatments that have been administered in Mayuge District
since 2003 have had minimal effects on populations of this diverse
parasite. The findings emphasize a critical need for concerted drug
treatment combined with wide uptake of other interventions along the
shores of Lake Victoria to have long term impacts on transmission.

OU SONT LES ESCARGOTS - WHERE ARE THE SNAILS?
USING REMOTE SENSING METHODS TO COMBAT
SCHISTOSOMIASIS IN NORTHERN SENEGAL

Caitlin M. Wolfe', Christopher Haggerty', Isabel Jones?, Andrew
Chamberlin?, Nicolas Jouanard?, Simon Senghor?, Chelsea Wood?,
Susanne Sokolow?, Gilles Riveau?, Guilio De Leo?, Jason Rohr’
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Schistosomiasis, a neglected tropical diseases caused by the Schistosoma
parasite, affects more than 240 million people a year. Ever since the
construction of the Diama dam across the Senegal River in 1986,
schistosomiasis has tormented villages along the Senegal River and its
tributaries. The World Health Organization estimates that mass drug
administration of praziquantel to treat schistosomiasis reaches less than
10% of the at-risk Senegalese population. Our objective was to assess a
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novel method of identifying high-density snail habitats in schistosomiasis
endemic areas through remote sensing. Firstly, we identified environmental
parameters significantly associated with the presence of the snail vectors.
Data were collected from 36 water access points in 15 villages between
June-August 2017. The number and species of snails and types of
vegetation were recorded for each sweep of the net, with data analyzed
through logistic regression models to determine whether the presence

of certain vegetation was significantly associated with the presence of
snails. Ceratophyllum was the most significant predictor of snail presence
and abundance among lake and river water access sites. This held true
across the two different species of snail vectors, Bulinus and Biomphalaria
spp. Secondly, World View 2 images of northern Senegal were analyzed

to identify areas containing signature characteristics of Ceratophyllum

and other environmental parameters significantly associated with snail
presence at a subset of sampled water access points. These spectral
signatures were then used to predict the presence or absence of snail
vectors among all sampled water access points. The third phase of this
research is validating this model in previously unsampled sites in northern
Senegal. Preliminary results suggest that a signature extracted from remote
sensing images may be used to predict the location and abundance of
snail vectors with accuracy. Once honed, this method should assist in
predicting communities at risk for schistosomiasis in northern Senegal, and
perhaps beyond, where ground-based epidemiological surveys are difficult
to implement.

ANTHELMITHIC TREATMENT UPTAKE AND PREDICTORS
IN LAKE VICTORIA FISHING COMMUNITIES, UGANDA:
INTERVENTION COVERAGE RESULTS FROM THE LAVIISWA
CLUSTER RANDOMIZED TRIAL
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Mass drug administration (MDA\) is a cornerstone of the strategy for
control of helminths. In schistosomiasis-endemic areas with >50% of
school-aged children infected, community-wide MDA with praziquantel

is recommended by the World Health Organisation (WHO), with target
coverage of >75%. In the Koome islands of Lake Victoria, Uganda, where
baseline schistosomiasis prevalence (Kato-Katz) was 52% overall and 67 %
among school-aged children, we conducted a cluster-randomised trial

of community-wide intensive MDA (quarterly single-dose praziquantel
40mg/kg; albendazole 400mg for three days) versus standard, Uganda
government intervention (annual praziquantel 40mg/kg; 6-monthly
single-dose albendazole). Twenty-six fishing villages were randomised, 13
per trial arm, for four years. At each treatment round, registers of village
residents were updated and treatment uptake recorded. During the four
year MDA period, 53,930 people were registered in the study area (25,055
and 28,875 in standard and intensive intervention villages, respectively).
The age distribution of village residents was bimodal with 16% under-five
and 44% 20-35 years; 53% were male. Praziquantel uptake was lower
than albendazole uptake (60% versus 65%), more so in the standard arm
(praziquantel 58%, albendazole 70% versus intensive arm: praziquantel
61%, albendazole 62%). In the standard arm, albendazole uptake was
lower in the treatment rounds at which praziquantel treatment was given.
Absence was by far the most common reason for non-treatment (81%
albendazole, 78% praziquantel), with refusal the next most common
(14% albendazole, 16% praziquantel). Uptake for both treatments was
lowest among school-aged children (mainly due to absence at day school),
but did not differ by sex. Refusal was more likely with the older age, more
common among females. Persistent refusal (all treatment) was seen for
8% and 6% residents for praziquantel and albendazole, respectively. In
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schistosomiasis transmission “hot spots”, a combination of community-
wide and school-based treatment strategies and educational interventions
may be required to achieve WHO target coverage.

RESEARCH CHALLENGES AND NEEDS FOR CONTROL AND
ELIMINATION OF SCHISTOSOMIASIS: NEW DIAGNOSTICS
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Morbidity reduction and eventual elimination through integrated
intervention approaches are the focal points of current schistosomiasis
control. Precise diagnosis of schistosome infections will be critical in
achieving these goals, particularly in areas such as China where extensive
control has reduced schistosomiasis to very low levels to the point where
elimination is on the horizon. Field surveillance and point of care testing
will require sensitive, specific, inexpensive, field applicable diagnostic
assays to determine worm burdens and to distinguish active infection
and successful cure in high and low prevalence areas and for assessment
of treatment failures. This paper will describe three new diagnostic tools
for Schistosoma japonicum we developed and tested: e A real-time
polymerase chain reaction (qPCR)-based (for humans and animals) assay
which can be used as a future field diagnostic and surveillance tool in
low-transmission zones where schistosomiasis elimination is targeted and
for monitoring post-intervention areas to verify that elimination has been
maintained. e A novel droplet digital PCR assay capable of identifying
pre-patent and patent infections using S. japonicum DNA isolated

from serum, urine, salivary glands, and feces in a murine model, and
validated using clinical samples collected from subjects resident in an area
moderately endemic for schistosomiasis in the Philippines. This verified
method represents a valuable tool for the diagnosis and surveillance of
schistosomiasis, particularly in low-prevalence and low-intensity areas
approaching elimination and in monitoring where disease emergence or
re-emergence is a concern. ® An IgG-based ELISA using a combination
of two recombinant S. japonicum antigens (SjSAP4 + Sj23-LHD (large
hydrophilic domain)) which, on large scale testing with human serum
samples from the Philippines provided a high diagnostic outcome with
87% sensitivity and 97 % specificity. This combination could be used in
future for serological diagnosis of schistosomiasis, thereby representing an
important component for monitoring integrated control measures.

PRECISION MAPPING IS THE WAY FORWARD TO SHRINK
THE MAP AND ACCELERATE THE ELIMINATION OF
SCHISTOSOMIASIS

Louis-Albert Tchuem Tchuenté

Centre for Schistosomiasis and Parasitology, University of Yaoundé |,
Yaoundé, Cameroon

The major intervention for schistosomiasis control is mass administration of
praziquantel to those shown to be, or presumed to be, at-risk of infection,
on the basis of disease mapping. However, the current conventional
mapping design for schistosomiasis has shown several limitations and may
lead to several uncertainties and misclassification of some districts and
their eligibility for preventive chemotherapy. Considering the high focality
of schistosomiasis transmission, these mapping inaccuracies may result in
over-treatment in some areas, and most importantly under-treatment or no
treatment in areas that need it most. Thus preventing successful treatment
coverage of all populations who need treatment, and jeopardizing the
achievement of schistosomiasis elimination. To assess the role a more
precise mapping could play in the stage moving towards elimination

of schistosomiasis, we conducted studies in several health districts in
Cameroon, using a new and innovative approach based on an exhaustive
sampling of all schools within these districts. Over 300 schools and 15,000
school children were sampled. The results showed significant variations

in schistosomiasis prevalence within health districts and sub-districts.
Furthermore, a comparison of maps obtained using the conventional
mapping method with those from precision mapping showed significant
differences. The precision mapping of schistosomiasis gave high resolution
information at the local level, and clearly provided detailed information

on high risk zones and locations where intensified interventions should

be focused primarily to obtain higher impact. By increasing the map
granularity and spatial resolution, the precision mapping provides the

best evidence based data to guide intensified interventions in targeted
transmission zones, and allows a better and rational utilization of the
donated praziquantel and available resources. We therefore believe that it
is a promising and innovative tool to shrinking the map of schistosomiasis
and accelerating the move towards the elimination of schistosomiasis in
sub-Saharan Africa.

SCHISTOSOMIASIS MONITORING AND EVALUATION
PROGRAMS: THE IMPORTANCE OF COLLECTING ADULT DATA
TO INFORM TREATMENT STRATEGIES FOR SCHISTOSOMA
MANSONI

Jaspreet Toor', Hugo C. Turner?, James E. Truscott’, Marleen
Werkman', Anna E. Phillips', Ramzi Alsallag?, Graham F. Medley?,
Charles H. King?, Roy M. Anderson’

'Imperial College London, London, United Kingdom, ?Oxford University
Clinical Research Unit, Ho Chi Minh City, Vietnam, Case Western Reserve
University, Cleveland, OH, United States, “London School of Hygiene &
Tropical Medicine, London, United Kingdom

Schistosomiasis remains an endemic parasitic disease affecting millions

of people around the world. The World Health Organization (WHO)

has set goals for controlling schistosomiasis morbidity by 2020, along

with its elimination as a public health problem in certain regions by

2025 (defined by reaching <5% and <1% prevalence of heavy-intensity
infections in school-aged children, respectively). Monitoring and evaluation
(M&E) programmes are used to collect data which can inform treatment
strategies required in a defined area and can also aid in assessing the
progress of treatment strategies. Due to programmatic and financial
constraints, data are typically collected from school-aged children (SAC;
5-14 years of age) as they are thought to be most likely to be infected.
Using a mathematical model, we incorporate three different age-intensity
profiles of infection for Schistosoma mansoni with low, moderate and high
burdens of infection in adults to investigate how the age distribution of
infection impacts the preventive chemotherapy coverage levels required

to achieve the WHO goals. We find that for low to moderate prevalence
regions, regardless of the burden of infection in adults, treating SAC only
may achieve the WHO goals. However, for high prevalence regions with

a high burden of infection in adults, adult treatment is required to meet
the WHO goals with coverage levels varying with the burden of infection
in adults. This highlights that prevalence and intensity of infection data in
adults needs to be included within M&E programmes. Collecting data from
a broader age-range, specifically the inclusion of adult data at baseline
(prior to treatment) and throughout the treatment programme if possible,
as well as SAC data will allow for more accurate determination of the
optimal treatment strategy for a defined region.
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COUPLING DYNAMIC ENERGY BUDGET (DEB) THEORY WITH
A MESOCOSM EXPERIMENT TO PREDICT AND VALIDATE THE
EFFECTS OF TEMPERATURE ON A HOST-PARASITE SYSTEM

Karena Nguyen', David J. Civitello?, Jason R. Rohr!

"University of South Florida, Tampa, FL, United States, 2Emory University,
Atlanta, GA, United States

Schistosomiasis, caused by trematodes of the family Schistosoma, is a
widespread human parasitic disease that might increase in prevalence
with global climate change. However, the net effects of temperature on
host-parasite systems have been historically difficult to model because
parasites and their hosts often have different optimal temperatures across
life history traits (e.g. hatching, infectivity, growth, reproduction). Dynamic
energy budget (DEB) theory addresses this hurdle by utilizing metabolic
principles, which are temperature-dependent, to predict the trajectory of
individual life history traits. A DEB-based model for Schistosoma mansoni
and its intermediate snail host, Biomphalaria glabrata, was used in this
study to predict parasite cercarial shedding rates and snail growth and
reproduction across a temperature gradient (18, 21, 25, 29, 33, and
37°C). Additionally, 16-L mesocosms (n = 4 per treatment) were inoculated
with 1-L of local pond water containing zooplankton and algae to mimic a
freshwater environment. After algae established, five snails between 3-12
mm were added to each mesocosm. S. mansoni miracidia were added

in four doses during the first 10 weeks of the experiment. Mortality was
monitored daily and DEB predictions were compared to measurements

of snail life history traits, sampled weekly for 4 months. Optimal snail
growth occurred between 25-33°C, reproduction between 21-29°C, and
cercarial shedding between 25-29°C, which aligned with DEB predictions
and temperatures where schistosomiasis is endemic. These results validate
DEB theory as a tool for predicting the effects of global climate change on
the disease dynamics of schistosomiasis and perhaps similar host-parasite
systems.

EVIDENCE OF PERENNIAL MALARIA TRANSMISSION
UNDER ARID CONDITIONS AND DRY SEASON REFUGIA
FOR ANOPHELINE LARVAE: A CASE STUDY AT KANDI IN
NORTHEASTERN BENIN, WEST AFRICA

Renaud I. Govoetchan, Martin Akogbéto
Centre de Recherche Entomologique de Cotonou, Cotonou, Benin

In arid settings, droughts usually lead to periods of very low or no
malaria transmission. However, in rural Kandi (Sonsoro) in northeastern
Benin, several malaria cases are often diagnosed during dry seasons. The
underlying factors accounting for this phenomenon remain unknown.
For our investigations, the entomo-parasitological profile of the location
(Sonsoro) was compared to a site in urban Kandi (Gansosso), meticulously
focusing on what happens in the dry season. A GIS approach was

used to access in 1-year period the spatial and seasonal distribution of
mosquito larval habitats and identify their drought-refugia. Conjointly,
adult Anopheles vector collections were monthly performed using Human
Landing Catches (HLC). Elisa assays for P falciparum circumsporozoite
protein were conducted on vector specimens and the entomological
inoculation rates (EIR) were determined per season. To provide a global
view of drought-malaria prevalence, Rapid Diagnostic Tests (RDTs) were
conducted in children < 10 years in both sites. Overall 187 mosquito
larval habitats were identified of which 56 were recorded during the dry
season (73% in rural site against 27% in the urban). The drought-refugia
for mosquito breeding were all of domestic nature mainly canaries, jars,
and flower pots. 100% of drought larval habitats identified in rural
Kandi contained anopheline larvae against only 20% in urban Kandi.
HLC provided 966 mosquitoes belonging to 12 species and Anopheles
gambiae is the main species sampled (69 %). It represented respectively
94% (628/668) and 13 % (39/298) of the collections in rural and urban
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Kandi. From wet to dry season, we observed a drastic 96% reduction of
EIR in rural Kandi (23 infected bites/man/month to 1 infected/man/month).
Same trend was observed in urban Kandi (1 infected bite/man/month to

0 with the drought). RTDs data on 400 children showed that P falciparum
infections were significantly higher in rural Kandi (41%) than in urban
(7.5%). Our results suggest that a suitable domestic management of
anopheline larval habitats in droughts would provide a huge impact on the
dynamics of mosquito populations and malaria transmission.

FROM INSIGHT TO INNOVATION: HOW VIDEO-TRACKED
ANOPHELES GAMBIAE BEHAVIOR LED TO THE ‘BARRIER
BEDNET’ TARGETING INSECTICIDE RESISTANT VECTORS

Gregory P. Murray’, Natalie Lissenden’, Hyacinthe K. Toé?, Vitaly
Voloshin3, Jeff Jones', Natalia C. Angarita-Jaimes?, Josephine E.
Parker, Christian Kroner3, Catherine E. Towers?, N'Fale Sagnon?,
Hilary Ranson’, David Towers?, Philip J. McCall'

'Liverpool School of Tropical Medicine, Liverpool, United Kingdom, ?Centre
National de Recherche et de Formation sur le Paludisme, Ouagadougou,
Burkina Faso, *University of Warwick, Coventry, United Kingdom

Designing the next generation of long-lasting insecticidal bed nets (LLINs)
is a primary goal in malaria vector control today, as the emergence of
pyrethroid-resistant vector populations across Africa threatens their future.
We approached this challenge by initiating a series of studies on the basic
behavior of Anopheles gambiae s.I. at human-occupied LLINs, using a
state-of-the-art video-tracking system. Initial results provided extraordinary
insight into the behavior of An. gambiae s.I. at a human-occupied LLIN.
Video analyses revealed previously unseen spatial characteristics of
mosquito activity that had potential as novel targets. A key feature of host-
seeking behavior was that the vast majority of activity occurred above the
roof of the human-occupied bednet (i.e. outside the net, where contact
with the human sleeper’s skin would not occur and above the reach

of children at all times). Conceivably, a range of insecticides might be
delivered via an added 'net barrier’ fitted above the net roof and on which
mosquitoes might land or collide. The results of a series of completed
studies investigating the barrier bednet performance will be presented.
Results of video-track recordings of pyrethroid-resistant An. gambiae at
barrier bednets treated with combinations of pyrethroid, organophosphate
and other treatments will be presented and the nature of mosquito-net
interaction interpreted. We also investigated the effectiveness of barrier
designs and treatments using a novel in silico computer model (InVeCTS).
Finally, the results of a hut trial carried out in Burkina Faso, targeting a
wild pyrethroid-resistant population of An. gambiae s.I. using a number

of barrier bednet treatments will be presented, during which one barrier
design significantly outperformed other LLINs as measured by personal
protection (P=<0.01), immediate (P=<0.001) and delayed (P=<0.001)
vector mortalities. We present the barrier bednet as a simple affordable
method of restoring LLIN effectiveness in areas with high levels of
insecticide resistance and consider its potential for malaria prevention in an
insecticide resistant Africa.

IDENTIFICATION OF CANDIDATE GENES UNDERLYING
HUMAN HOST PREFERENCE IN THE MALARIA MOSQUITO
ANOPHELES coLUZziI

Giridhar Athrey', Zachary Popkin-Hall', Willem Takken?, Michel A.
Slotman’

Texas A&M University, College Station, TX, United States, ?Wageningen
University and Research, Wageningen, Netherlands

The malaria mosquito Anopheles coluzzii has a strong preference
for human hosts, which contributes greatly to its vectorial capacity
for malaria. We combined several approaches to study the genetic
basis of this important trait. Previously we made use of the fact that
An. coluzzii's sibling species. An. quadriannulatus is largely zoophilic,
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by conducting a QTL mapping analysis on backcross between the

two species. This identified six autosomal QTL containing numerous
olfactory genes. Additionally, we compared gene expression between
the two species in the two major olfactory organs, the antennae and
maxillary palps, to identify olfactory genes with species- and sex-biased
expression. Furthermore, we analyzed sequence data for olfactory
receptors, ionotropic receptors and odorant binding proteins obtained
from field collected specimens representing six of the species in the An.
gambiae complex, and identified genes under positive selection in the
anthropophilic An. coluzzii and An. gambiae ss. Taken together, these
genetic mapping, expression and selection analyses identify a set of
candidate olfactory genes for human host preference in this important
malaria vector.

NEW INSIGHTS INTO ANOPHELES MATING BEHAVIOR:

BOTH MALES AND FEMALES OF ANOPHELES COLUZZII AND
ANOPHELES GAMBIAE USE VISUAL MARKERS TO SWARM ---
BUT EACH IN ITS OWN WAY

Serge B. Poda’, Abdoulaye Diabaté', Olivier Gnankiné?, Roch K.
Dabiré!, Olivier Roux3

'Institut de Recherche en Sciences de la Santé (IRSS)/Centre Muraz,
Bobo-Dioulasso, Burkina Faso, 2Université Ouaga 1 Pr Joseph Ki-Zerbo,
Ouagadougou, Burkina Faso, *Institut de Recherche pour le Dévelopement
(IRD), Montpellier, France

Effective malaria vector control strategies require a good understanding of
mosquito behaviors. However, in Anopheles species, mating behavior has
been deeply overlooked. Nowadays, it is known that males of Anopheles
gambiae s.I. form swarms at dusk in which virgin females come to mate.
While An. gambiae has been described to swarm over bare ground, An.
coluzzii swarms over dark markers. However, both the exact way males use
these visual cues and whether females also use these cues to join species
specific swarms are unknown. In laboratory, we first, tested whether
males of the two species use a marker to locate the swarm. The marker
was moved during swarming and the relative position of the swarm was
recorded. Second, we investigated the male swarm characteristics (height,
width and number of mosquitoes) as a function of the presence/absence
of a marker and the marker size (20x20cm vs. 60x60cm). Finally, we
repeated these experiments with virgin females to observe their behavior
towards ground visual markers. We observed that An. coluzzii males
swarmed only in presence of a marker and always right above it. With the
large marker, swarms were higher, wider and had more mosquitoes (ca.
x2) than with the small one. In An. gambiae, males swarmed next to the
marker and were also able to form a swarm without a marker. However,
only the number of swarming mosquitoes and swarm width increased

in presence and with larger markers (ca. x1.3). The two species instantly
followed the marker movements with An. coluzzii being over the marker
and An. gambiae keeping a constant distance of #75cm to the marker.
The females of the two species exhibited a swarm-like behavior very similar
to those of the males. Our findings show that both An. gambiae and An.
coluzzii males use a ground marker to swarm but in a different way and
their females also use this visual cue like their specific-specie males to
exhibit swarm-like behaviors. It suggests that ground visual markers could
be a key cue in specific swarm recognition and location which is highly
important for assortative mating in these sibling species. These results raise
new avenues to explain diversification within the An. gambiae complex.

TIMING IS EVERYTHING: AEDES AEGYPTI REPRODUCTIVE
PHYSIOLOGY EXPLAINS BEHAVIOR

Ethan C. Degner’, Jade M. Noble', Catalina Alfonso-Parra?, Lena
F. Kourkoutis', Frank W. Avila?, Laura C. Harrington'

'Cornell University, Ithaca, NY, United States, ?Max Planck Tandem Group
in Mosquito Reproductive Biology, Universidad de Antioquia, Medellin,
Colombia

Before a female Aedes aegypti mosquito reproduces, several events

must occur. She must mate, store sperm, blood feed, produce eggs, and
finally fertilize eggs as she lays them. Such processes independently are
well known to mosquito biologists, but confusion remains about the
order of these events and their physiological pre-requisites. We sought

to identify the timing and order in which important reproductive events
occur. Laboratory-adapted Aedes aegypti females blood feed and produce
some eggs even when their virginity is enforced, and we used these gravid
virgins to test how soon after mating females were able to fertilize their
eggs. We demonstrate that gravid females, when forced to lay eggs via

a death stressor, gradually gain the capacity to fertilize eggs over 16 h
after mating. Readiness to fertilize eggs coincides with drastic changes

in sperm activity and morphology, suggesting that sperm processing may
be necessary for fertilization. When oviposition was not forced, females
naturally began laying eggs 16 h after mating, suggesting that oviposition
behavior and fertilization competence are tightly coordinated. Whether
wild females produce eggs before mating remains unclear; if this were
the case, females would experience a three day delay between mating
and fertilization. Given that sperm and female behavior are prepared

for fertilization in just 16 h, we tested whether wild virgins sometimes
produce eggs. Field-collected females from Medellin, Colombia, included
a small proportion of gravid virgins, suggesting that mating may not
always be necessary for oogenesis. Thus, females are not physiologically
prepared to fertilize eggs until 16 h after mating, and this delay may be
mediated by sperm. Oviposition behavior begins at the same time that
females become fertilization competent. Finally, preparing to fertilize
eggs in 16 h may benefit females that blood feed and produce eggs prior
to mating. Understanding reproductive events and their timing in this
important disease vector will contribute to a deeper understanding of
mosquito behavior, ecology, and the cellular and molecular mechanisms
that mediate reproduction.
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must occur. She must mate, store sperm, blood feed, produce eggs, and
finally fertilize eggs as she lays them. Such processes independently are
well known to mosquito biologists, but confusion remains about the
order of these events and their physiological pre-requisites. We sought

to identify the timing and order in which important reproductive events
occur. Laboratory-adapted Aedes aegypti females blood feed and produce
some eggs even when their virginity is enforced, and we used these gravid
virgins to test how soon after mating females were able to fertilize their
eggs. We demonstrate that gravid females, when forced to lay eggs via

a death stressor, gradually gain the capacity to fertilize eggs over 16 h
after mating. Readiness to fertilize eggs coincides with drastic changes

in sperm activity and morphology, suggesting that sperm processing may
be necessary for fertilization. When oviposition was not forced, females
naturally began laying eggs 16 h after mating, suggesting that oviposition
behavior and fertilization competence are tightly coordinated. Whether
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wild females produce eggs before mating remains unclear; if this were
the case, females would experience a three day delay between mating
and fertilization. Given that sperm and female behavior are prepared

for fertilization in just 16 h, we tested whether wild virgins sometimes
produce eggs. Field-collected females from Medellin, Colombia, included
a small proportion of gravid virgins, suggesting that mating may not
always be necessary for oogenesis. Thus, females are not physiologically
prepared to fertilize eggs until 16 h after mating, and this delay may be
mediated by sperm. Oviposition behavior begins at the same time that
females become fertilization competent. Finally, preparing to fertilize
eggs in 16 h may benefit females that blood feed and produce eggs prior
to mating. Understanding reproductive events and their timing in this
important disease vector will contribute to a deeper understanding of
mosquito behavior, ecology, and the cellular and molecular mechanisms
that mediate reproduction.

TEMPERATURE DRIVES ZIKA VIRUS TRANSMISSION:
EVIDENCE FROM EMPIRICAL AND MATHEMATICAL MODELS

Blanka Tesla', Leah Demakovsky', Erin Mordecai?, Sadie Ryan?,
Matthew Bonds*, Calistus Ngonghala3, Melinda Brindley’,
Courtney Murdock’

"University of Georgia, Athens, GA, United States, ?Stanford University,
Stanford, CA, United States, *University of Florida, Gainsville, FL, United
States, “Harvard University, Cambridge, MA, United States

Temperature is a strong driver of vector-borne disease transmission.

Yet, for emerging arboviruses we lack fundamental knowledge on the
relationship between transmission and temperature. Current models rely
on the untested assumption that Zika virus responds similarly to dengue
virus, potentially limiting our ability to accurately predict the spread of
Zika. We conducted experiments to estimate the thermal performance

of Zika virus (ZIKV) in field-derived Aedes aegypti across eight constant
temperatures. We observed strong, unimodal effects of temperature on
vector competence, extrinsic incubation period, and mosquito survival. We
used thermal responses of these traits to update an existing temperature-
dependent model to infer temperature effects on ZIKV transmission. ZIKV
transmission was optimized at 29°C, and had a thermal range of 22.7°C-
34.7°C. Thus, as temperatures move toward the predicted thermal
optimum (29°C) due to climate change, urbanization, or seasonally, Zika
could expand north and into longer seasons. In contrast, areas that are
near the thermal optimum were predicted to experience a decrease in
overall environmental suitability. We also demonstrate that the predicted
thermal minimum for Zika transmission is 5°C warmer than that of
dengue, and current global estimates on the environmental suitability for
Zika are greatly over-predicting its possible range.

HIGH-ACCURACY DETECTION OF MALARIA VECTOR
HABITATS USING DRONE-BASED MULTISPECTRAL IMAGERY

Gabriel Carrasco-Escobar’, Edgar Manrique?, Jorge Ruiz-
Cabrejos', Marlon Saavedra’, Freddy Alava?, Sara Bickersmith?,
Catharine Prussing®, Joseph Vinetz®, Jan E. Conn3, Marta Moreno?,
Dionicia Gamboa'

"Universidad Peruana Cayetano Heredia, Lima, Peru, *Mlinistry of Health,
Iquitos, Peru, *Wadsworth Center, New York State Department of Health,
Albany, NY, United States, “Department of Biomedical Sciences, School

of Public Health, State University of New York, Albany, NY, United States,
*Division of Infectious Diseases, Department of Medicine, University of
California San Diego, La Jolla, CA, United States

Interest in larval source management (LSM) as an adjunct intervention
has recently increased mainly because LLINs and IRS are ineffective
against malaria transmission by exophagic and exophilic mosquitoes.
Knowledge of the characterization of the most productive, positive
water bodies would provide a more cost-effective tool and increase the
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impact of targeted mosquito control on aquatic life stages. The present
study explores the use of unmanned aerial vehicles (UAV) for identifying
potential Nyssorhynchus darlingi (former Anopheles darlingi) breeding
sites by mapping characteristics of water bodies in four localities in Mazan
District, Amazonian Peru. There were two primary goals: 1) to evaluate
the feasibility of high-resolution mapping (~0.02m/pixel) in Amazonian
areas to detect inaccessible malaria vector breeding sites; and 2) to
investigate the relationship between the multispectral profile and Ny.
darlingi breeding sites. Imagery was acquired during April 2017 in four
localities in the Mazan river basin. Ny. darlingi larvae collections were
performed simultaneously and information about positive and negative
breeding sites from two additional surveys was incorporated into the
calculations. A supervised Random Forest classification was performed to
detect whether or not water bodies harbor Ny. darlingi immature stages.
Our results showed that multispectral imagery collected from a UAV could
discriminate a profile of water bodies where Ny. darlingi was most likely
to breed. We performed the analysis in Google Earth Engine (GEE) using
three classification approaches. The overall accuracy ranged between
89.79% and 97.46% and statistical analysis showed clear differentiation
of spectral bands of water bodies positive vs negative for Ny. darlingi.
This work provides proof-of-concept of the use of high-resolution images
to detect malaria vector breeding sites in the Peruvian Amazon, where
the use of such an innovative methodology could be crucial to maximize
resources for the incorporation of LSM into integrated interventions and
a powerful additional tool for malaria elimination in the Amazon and
elsewhere.

ARTEMISININ RESISTANCE AND THE PFK13 C580Y
MUTATION IN GUYANA: A CONFIRMED LINK AND
EMERGENCE

Luana Mathieu’, Horace Cox?, Angela M. Early?, Maria-Paz
Ade?, Yassamine Lazrek’, Quacy Grant?, Naomi W. Lucchis,
Venkatachalam Udhayakumars, Alexandre J. Seme Filsé, David A.
Fidock’, Daniel E. Neafsey?, Pascal Ringwalds, Lise Musset!
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Health Organization, Washington, DC, United States, *Centers for Disease
Control and Prevention, Atlanta, GA, United States, ®Panamerican Health
Organization, Georgetown, Guyana, Columbia University College of
Physicians and Surgeons, New York, NY, United States, 8World Health
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The emergence and spread of artemisinin resistance in Southeast Asia

has raised concerns about malaria control worldwide. Non-synonymous
mutations in the propeller domain of the pfK73 gene have been
associated with artemisinin resistance in this Asian region. Recent evidence
indicates suspected partial artemisinin resistance in the Guiana shield
region of South America, a locality where historically, resistance emerge
de novo. As a previous retrospective study indicated an independent
emergence of pfk13 C580Y mutation in Guyana, a follow up molecular
surveillance was conducted to evaluate the presence and/or extent of
artemisinin partial resistance in part of this the Guiana shield region. The
pfk13 gene was genotyped through PCR-based sequencing in 683 blood
spots collected in Guyana in 2016-2017. Thirteen samples were found to
contain the pfK73 C580Y mutation, indicating a population frequency of
1.9% [0.8-2.8]. No other mutation was found in the propeller domain of
this gene. The impact of this C580Y pfK73 mutation on the phenotype

to artemisinin derivatives in parasites exhibiting a South American genetic
background was also evaluated by genome editing. The analysis confirmed
that C580Y mutation confers a high level of artemisinin resistance in vitro.
Therefore, this finding confirms circulating C580Y alleles in Guyana can
lead to partial artemisinin resistance. The impact on therapeutic efficacy

is being evaluated. During this presentation, the geographic extent of this
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new focus of artemisinin partial resistance will be presented as well as the
origins and spread of these C580Y mutants under drug pressure, based on
whole genome sequencing data.

MUTATIONS IN PFCORONIN CONFER RESISTANCE TO
ARTEMISININ IN WEST AFRICAN PLASMODIUM FALCIPARUM
ISOLATES

Aabha Sharma’, Allison R. Demas', Wesley Wong', Angela
Early?, Seth Redmond?, Selina Bopp', Daniel E. Neafsey', Sarah K.
Volkman', Daniel L. Hartl?, Dyann F. Wirth!

"Harvard T. H. Chan School of Public Health, Boston, MA, United States,
?The Broad Institute, Cambridge, MA, United States, Harvard University,
Cambridge, MA, United States

Global public health efforts for control and elimination of malaria have
made considerable progress since the success of the Artemisinin-based
combination therapies, which are highly effective against Plasmodium
falciparum. However, an emerging drug resistance to Artemisinin (ART) in
Southeast Asia poses one of the greatest threats to eradicate malaria. If
this resistance spreads to the African continent, which bears the highest
global malaria burden, efforts to control malaria will be in serious jeopardy.
With this in mind we chose two Senegalese field isolates to investigate
ART resistance. These field isolates are susceptible to ART treatment

and do not have mutations in the propeller domain of PfKelch13, a
known marker of ART resistance. After intermittent and step-wise
dihydroartemisinin (DHA) pulses started in 2011 and continued over four
years, we obtained three independent ART resistant lines. All three parasite
lines had a significant increase in their ®3"Ring Stage Survival Assay (RSA)
survival percentage (6%, 7.9% and 9.6% respectively) compared to their
parents (*3"RSA<1%). They had no change in EC, response to ART
derivatives in a 72-hour dose-response assay. Whole genome sequencing
of ART resistant lines identified thirteen different single nucleotide
polymorphisms (SNPs) in ten genes. There were no mutations in the
PfKelch13 gene. One gene, PfCoronin (PF3D7_1251200), which codes
for a protein similar in structure to PfKelch13, had new SNPS in its WD-40
propeller domain of all three resistant lines. To test whether the PfCoronin
SNPs (G50E, R100K, E107V) were sufficient to confer ART resistance, we
generated CRISPR-Cas9 edited parasite lines containing PfCoronin SNPs
in both 3D7 and the Senegalese parental backgrounds. Our preliminary
results in one of the Senegalese parental backgrounds indicate PfCoronin
SNPs are sufficient to confer ART resistance. This suggests that PfCoronin
is a determinant of ART resistance in West African parasites. Further
investigation of biological mechanism of ART resistance conferred by
PfCoronin will make significant contributions to the current understanding
of ART resistance.

THE EMERGENCE OF MULTIDRUG RESISTANT MALARIA
PARASITES IN SOUTHEAST ASIA AND IMPLICATIONS ON
FUTURE MALARIA TREATMENT

Mariusz Wojnarski', Jessica Lin?, Panita Gosi', Michele Spring’,
Pattaraporn Vanachayangkul', Nonlawat Boonyalai', Worachet
Kuntawunginn', Chaiyaporn Chaisatit’, Kirakarn Kirativanich?,
Piyaporn Saingam’, Sorayut Chattrakarn', Chatchadaporn
Thamnurak', Kin Soveasna®, Nicholas Martin', Huy Rekol, Lek
Dysoley?, Krisada Jongsakul', Somethy Sok?, Prom Satharath?,
Kong Saly3, Shannon Takala-Harrison®, David Saunders', Mark
Fukuda’, Philip Smith', Chanthap Lon'

"US Armed Forces Research Institute of Medical Sciences, Bangkok,
Thailand, “University of North Carolina, Chapel Hill, NC, United States,
3Ministry of National Defense, Department of Health, Phnom Penh,
Cambodlia, *National Center for Parasitology, Entomology and Malaria

Control, Phnom Penh, Cambodia, *University of Maryland, Baltimore, MD,
United States

Thailand and Cambodia have utilized dihydroartemisinin-piperaquine and
artesunate-mefloquine as first line treatment for Plasmodium falciparum,
alternating between these ACTs due to PIP and MQ counteracting
resistance mechanisms. The recent identification of ‘triple mutant’
malaria strain exhibiting molecular markers of resistance to all three
components—the artemisinin, mefloquine and piperaquine—threatens
the long-term sustainability of this approach and underscores the need
for timely surveillance to characterize the rate and geographic extent of
such “triple mutants”. A total of 528 samples were collected from 2015
to 2017 from Cambodia patients infected with Pfalciparum to assess
temporal increase and geographical differences in parasites bearing

copy number amplification in both pfmdr1 (conferring MQ resistance)
and plasmepsin 2 (conferring PIP resistance) genes and pfKelch13
mutations. We collected samples in Cambodia along the Thai border
(military population) and northern and eastern Cambodia (civilians). Out
of 218 samples collected in 2015 in civilians, 48 (22%) carried increased
copy numbers of MQ and PIP markers of resistance, compared to only 1
(1%) collected in 2016 along Cambodia-Thai border in military. Eastern
Cambodia had highest prevalence of doubly amplified parasites (52 %).
Amplification of pfmdr7 and plasmepsin2 was exclusively observed among
pfKelch13-580Y mutants suggesting amplification is occurring on a highly
artemisinin-resistant genetic background. Analysis of Pfalciparum malaria
parasites for the prevalence of ‘triple mutant’ phenotype is ongoing for
the remaining 316 samples collected in 2017. Origins of the identified
triple mutant parasites based on loci flanking and in linkage disequilibrium
with resistance genes will be determined. Based on these observations,
new drug regimens will be required for treatment of multidrug resistant
malaria in Southeast Asia. Triple drug combinations of already marketed
drugs may be a solution for possible imminent malaria outbreaks with
these multidrug resistant parasite subpopulations that may soon become
untreatable by the first-line ACTs.

IMPACT OF CYP2C8*2 ON ARTESUNATE-AMODIAQUINE
METABOLISM IN MALI

Mahamadou D. Camara’', Mamadou Tekete’, Souleymane
Dama’, Dinkorma I. Ouologuem’, Aminatou Kone', Amadou
Bamadio', Nouhoum Diallo!, Hamidou Niangaly', Bakary Fofana,
Ogobara K. Doumbo?, Steffen Borrmannz, Jose P. Gil}, Abdoulaye
Djimde!

"Malaria Research and Training Center, Department of Epidemiology

of Parasitic Diseases, School of de Medicine and dentistry, University

of Sciences, techniques and technologies of Bamako, Bamako, Mall,
2Tubingen University, Tubingen, Germany, *Karolinska Institute, Stockholm
City, Sweden

The clinical role of genetic polymorphism in drug metabolizing enzyme
such as the cytochrome P450 (CYP450) protein has been reported

for many diseases including malaria. CYP2C8*2, a variant shown to
reduce CYP2C8 enzymatic activity, was associated with severe side
effects following amodiaquine (AQ) administration. CYP2C8*2 is

the most common mutation in Africa and the use of AQ in several
antimalarial treatments (ACTs) and preventive strategies (Seasonal Malaria
Chemoprevention strategies SMC) in many sub-Saharan Africa countries
raise concern on the sustainable efficacy and safety of AQ. This study
aimed to assess the impact of the CYP2C8*2 allele on the Artesunate-
Amodiaquine (ASAQ) metabolism and efficacy following uncomplicated
malaria treatment with ASAQ. A retrospective pilot study was conducted
on archived dried blood spot samples and sera from a malaria clinical
trial study (WANECAM) conducted in Mali between October 2011 and
December 2015. Samples from Bougoula-Hameau patients treated

with ASAQ were collected. All patients were followed for two years.
Human DNA was extracted using Qiagen kit and PCR-RFLP was used to
identify the CYP2C8*2 allele. Desethylamodiquine level was measured
on day-7 sera by HPLC. We analyzed 159 samples out of 213. Of the
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159 samples selected for this study, 76.1 %, 7.5 % and 16.4 % of the
patients were carrying the wild type (Wt/Wt), mutants (*2/*2), and both
wild and mutant (Wt/*2) alleles, respectively. Desethylamodiaquine day-
7 median concentration was 75.2, 83.2 and 91.3 ng/mL for the Wt/Wt,
Wit/*2 and *2/*2 respectively (p = 0.01). We provide for the first time the
prevalence of the CYP2C8*2 variants in Mali. We also show that day-7
desethylamodiaquine concentration was significantly higher in mutants
than wild-type CYP2C8. These preliminary results indicate that additional
studies on AQ and desethylamodiaquine metabolism are needed to
improve our understanding of antimalarial treatment failure.

PHARMACOKINETIC AND PHARMACODYNAMIC PROPERTIES
OF DIHYDROARTEMISININ-PIPERAQUINE IN SEASONAL
MALARIA CHEMOPREVENTION IN YOUNG CHILDREN

Joel Tarning', Palang Chotsiri', Issaka Zongo?, Paul Milligan3,
Daniel Compaore?, Fabrice Somé?, Daniel Chandramohan?,
Warunee Hanpithakpong', Francois Nosten', Brian Greenwood?,
Philip Rosenthal®, Nicholas White?, Jean-Bosco Ouédraogo?

'Mahidol Oxford Tropical Medicine Research Unit, Bangkok, Thailand,
?Institut de Recherche en Sciences de la Santé, Bobo-Dioulasso, Burkina
Faso, *London School of Hygiene & Tropical Medicine, London, United
Kingdom, “University of California, San Francisco, CA, United States

Young children are the population most severely affected by Plasmodium
falciparum malaria. Seasonal malaria chemoprevention (SMC) with
amodiaquine and sulfadoxine-pyrimethamine is recommended and
provides substantial benefit to this vulnerable population in high
transmission areas. Resistance to this regimen limits preventive efficacy,
and the long-acting artemisinin-based combination, dihydroartemisinin-
piperaquine is under study as an alternative regimen. However, the
pharmacokinetic and pharmacodynamic properties of artemisinin-based
combination SMC therapy are not well characterised. Sparse piperaquine
plasma concentration measurements were available for 179 children
(aged 2.33-58.1 months) after monthly SMC using dihydroartemisinin-
piperaquine for three consecutive months in Burkina Faso. Piperaquine
pharmacokinetics were characterised by a flexible transit-compartment
absorption model followed by a three-compartment disposition model.
Body weight was a statistically significant covariate, resulting in lower
drug exposures to piperaquine in smaller children after a standard mg/
kg dosage. A covariate-free sigmoidal E,,, -model described the time to
malaria re-infections satisfactorily. The model-predicted the minimum
inhibitory plasma concentration of piperaquine to range between

33.9 and 45.5 ng/mL. Population-based simulations using the final
pharmacokinetic-pharmacodynamic model suggested that small children
would benefit from a higher dosage. Increasing the dosage and extending
the dose schedule to four monthly doses in 4-20 kg children resulted in

a predicted relative reduction in malaria incidence of up to 58% during
the high transmission season. Use of a higher dose of dihydroartemisinin-
piperaquine and extending the dosing schedule to cover the high
transmission period for SMC could improve the preventive efficacy of this
regimen substantially.

SAFETY, TOLERABILITY, EFFICACY AND PHARMACOKINETICS
OF HIGH DOSE, SHORT COURSE PRIMAQUINE REGIMENS IN
PAPUA NEW GUINEAN CHILDREN

Brioni R. Moore', Roselyn Tobe?, Moses Laman?, John Benjamin?,
Sam Salman3, lvo Mueller?, Inoni Betuela?, Timothy M. Davis?
'School of Pharmacy and Biomedical Sciences, Curtin University, Perth,
Australia, ?Vector Borne Disease Unit, Papua New Guinea Institute of
Medical Research, Madang, Papua New Guinea, *UWA Medical School,
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University of Western Australia, Perth, Australia, “Walter and Eliza Hall
Institute of Medical Research, Parkville, Australia

Plasmodium vivax (Pv) is geographically the most widely distributed human
malaria parasite with more than 2.2 billion people in the Asia Pacific
region at risk. In countries such as Papua New Guinea (PNG) where both P
falciparum and Pv are transmitted, the complex biology of Pv represents a
challenge to malaria control and chemotherapy. Primaquine (PMQ) remains
the only FDA approved drug for elimination of Pv liver stage infection.
However, the conventional 14-day treatment regimen is limited by poor
adherence and there is an urgent need for shorter regimens. This study
evaluated the safety, tolerability, pharmacokinetics and pilot efficacy of
short course, high dose PMQ in PNG children. Treatment allocation was
conducted in a stepwise design, with three regimens investigated; (i) 0.5
mag/kg daily for 14 days (Group 1), (i) 1.0 mg/kg daily for 7 days (Group 2),
and (iii) 1.0 mg/kg twice daily for 3.5 days (Group 3). Children (5-10 years)
with normal G6PD activity and confirmed Pv infection were treated with

a course of artemether-lumefantrine (AL) and recruited into the study. On
completion of AL, all participants underwent a full clinical examination and
received their first nominated dose of PMQ. Safety assessments including
monitoring of haemoglobin, methaemoglobin, urinalysis and hepatorenal
function were performed after doses 1, 3, and 7 in all patients, and

dose 14 for Group 1 participants. Adverse effect questionnaires were
administered after each dose. Each child was randomly assigned to 3
paired sparse blood sampling time-points (immediately prior, and 2 hours
after PMQ) for drug assay during the treatment period. To evaluate
treatment efficacy, participants were followed for 2 months after
treatment, including active fortnightly surveillance for malarial illness not
reported at a health facility (including finger prick blood sample for PCR)
and passive detection of participants presenting at the clinic with malaria
confirmed by RDT and PCR outside scheduled study-related assessments.
This study will be the first to report the safety, tolerability and efficacy of
high dose, short course, PMQ treatment regimens in paediatric patients.

RISK OF ANEMIA AND TIME TO HEMATOLOGICAL
RECOVERY FOLLOWING ARTEMISININ-BASED COMBINATION
THERAPIES AMONG HIV INFECTED INDIVIDUALS STABILIZED
ON ANTIRETROVIRAL THERAPY WITH OR WITHOUT
MALARIA CO-INFECTION IN SUB-SAHARAN AFRICA: POOLED
ANALYSIS OF INDIVIDUAL PATIENT DATA

Clifford G. Banda on behalf of the WWARN-IMPACT Study
Group

WorldWide Antimalarial Resistance Network, Cape Town, South Africa

In sub-Saharan Africa (SSA) where malaria is highly prevalent, HIV infection
is also endemic. Co-infection and co-treatment of malaria and HIV is
therefore frequent, and their occurrence is associated with increased

risk of anaemia as a result of haemolysis and decreased red blood cell
production. Cases of transient anaemia, observed after artemisinin-based
combination treatment (ACT) for uncomplicated malaria, have resulted in
a debate on whether the changes in haemoglobin are due to an adverse
effect of the ACT or a result of the malaria infection. Recent evidence has
shown that the extent of the drop in haemoglobin following treatment
offuncomplicated malaria is determined by pre-treatment parasitaemia
and parasite clearance rates, but is independent of the antimalarial(s) used.
However, it is unclear if this finding is equally true for the HIV-malaria co-
infected sub-population on different antiretroviral regimens. To explore the
potential impact of HIV-malaria co-infection and antiretrovirals on the risk
of anaemia, we pooled longitudinal data of haemoglobin measurements
from 39 uncomplicated malaria clinical trials in SSA and used logistic
regression, accounting for between study variations, to investigate

factors associated with anaemia among HIV infected individuals (n=630)
compared with HIV uninfected individuals (n=2,568). Furthermore, we

will present comparisons of changes in haemoglobin following intake

of different antiretroviral regimens (nevirapine-, efavirenz- and lopinavir/
ritonavir-based) and ACTs (artemether-lumefantrine, artesunate-
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amodiaquine and dihydroartemisinin-piperaquine) in these sub-groups.
Understanding any potential impact that commonly used antiretroviral
drugs and ACTs may have on haemoglobin concentrations in high risk sub-
groups, such as HIV infected individuals, is an important step in optimising
antimalarial treatment in this key vulnerable sub-population.

ETHNICITY-RELATED MALARIAL SPLENOMEGALY: THE
HYPER-REACTIVE RED CELL FILTRATION TRAIL

Benoit Henry', Hilaire Akpovi2, Camille Roussel?, Papa Alioune
Ndour, Aurélie Fricot?, Mathilde Garrés, Julien Solinc?, Geoffroy
Volle3, Charlotte Chambrion?, Nadine Fievets, Jérobme Clain®, David
Courtin®, André Garcia®, Audrey Sabbagh®, Pierre A. Buffet*

'Institut National de la Transfusion Sanquine, UMR1134, and Centre
d’Infectiologie Necker-Pasteur, Paris, France, ?Centre d'Etude et de
Recherches sur le Paludisme Associé a la Grossesse et a I'Enfance,
Cotonou, Benin, Institut National de la Transfusion Sanguine, UMR1134,
Paris, France, “Institut National de la Transfusion Sanguine, UMR1134,
and Université Paris Descartes, Paris, France, °Institut de Recherche pour le
Développement, UMR216, Mére et Enfant face aux Infections Tropicales,
Université Paris Descartes, Faculté des Sciences Pharmaceutiques et
Biologiques, Paris, France, ®Institut de Recherche pour le Développement,
UMR216, Mere et Enfant face aux Infections Tropicales, Université Paris
Descartes, Faculté des Sciences Pharmaceutiques et Biologiques, and
CERPAGE, Paris, France

Fulani subjects are partially protected against clinical malaria, have lower
parasitemia but more frequent splenomegaly and anemia, as well as
elevated levels of both total IgM and anti-Plasmodium antibodies. The
triggering mechanisms of this phenotype are poorly understood. This
collaborative study explored the genetic, parasitological and behavioral
determinants of ethnicity-related malarial splenomegaly. In December,
2017, 482 subjects, living in Northwestern Benin, and belonging to

4 ethnic groups (Fulani, Gando, Bariba, and Otamari) were included.

We captured age, gender, ethnicity, temperature, spleen size, malaria
rapid diagnostic test (RDT), and rapid haemoglobin determination
(Hemocue®). Red blood cells (RBC) from venous blood were analyzed
using microsphiltration, a method assessing the ability of RBC to squeeze
through narrow spaces between microspheres, as a proxy for their splenic
filtration. RBC deformability was also assessed with ektacytometry. In

a subgroup, (n=120) the deformability of RBC infected in vitro with
Plasmodium falciparum was also assessed by microsphiltration, as

well as parasite growth over 72 hours. As expected, Fulani were more
often splenomegalic than subjects from the other groups (41% v 23%,
p=0.0003) with a trend towards more frequent anemia. Microsphiltration
showed that, compared to other groups, Fulani had more deformable
RBC in circulation (p<0.0001). This difference was greater in subjects
with a positive RDT. Ektacytometry at high shear stress (30 pascals) also
showed an increased deformability of RBC in Fulani (p=0.0057). In vitro,
the deformability of RBC after infection with P falciparum and parasite
growth were similar across the different ethnic groups. We establish a
new link between ethnicity and the deformability of circulating RBC. Our
results suggest that, in Fulani, splenic filtration of RBC becomes more
stringent upon infection with P falciparum, which may explain anemia,
splenomegaly and the partial control of parasitemia. Upcoming work will
search for determinants of this peculiar, apparently innate splenic reactivity
to plasmodial infection in Fulani.

IMPACT OF MALARIA-PROTECTIVE GLYCOPHORIN
POLYMORPHISM ON PLASMODIUM FALCIPARUM INVASION

Silvia Kariuki', Alejandro Marin-Menendez?, Ellen Leffler?, Gavin
Band?, Kirk Rockett3, Alex Macharia', Johnstone Makale’, Wilfred
Nyamu'’, Francis Ndung'u?, Dominic Kwiatkowski?, Thomas
Williams?, Julian C. Rayner?

'KEMRI-Wellcome Trust Research Programme, Kilifi, Kenya, ?Wellcome
Trust Sanger Institute, Cambridge, United Kingdom, *Wellcome Trust
Centre for Human Genetics, Oxford, United Kingdom

Malaria has had a major selective effect on the human genome. Mutations
that provide partial protection against severe malaria can be found at
high frequency in malaria endemic regions, even when they can have
major deleterious effects, such as sickle cell hemoglobin and resultant
sickle cell anemia in homozygotes. Large genome-wide association
studies have identified a number of new human genetic polymorphisms
that are associated with protection against severe malaria, most of

which are found in or near genes encoding proteins important for the
structure and function of red blood cells (RBCs), the primary host cell for
P falciparum parasites. These include a novel complex structural variant in
the glycophorin gene cluster that encodes the Dantu blood group antigen
which confers a similar level of protection against severe malaria as HbS,
but for which the mechanisms of protection remain unknown. We used
flow cytometry-based in vitro assays to investigate the impact of the
Dantu polymorphism on P falciparum RBC invasion and RBC membrane
protein expression for the first time, using RBC samples from a genotyped
cohort of Kenyan children. We observed a strong and linear reduction

in the ability of multiple P falciparum strains to invade RBCs from

Dantu heterozygote and homozygotes respectively. We also observed a
significant reduction in the surface expression of glycophorin A (GYPA) and
glycophorin B (GYPB), and a significant increase in glycophorin C (GYPC)
expression on the surface of RBCs in these same cells. The reduction in
invasion observed in carriers of the Dantu variant allele indicates that

this polymorphism could confer protection against malaria infection by
significantly reducing parasite invasion into the RBC, perhaps mediated by
altered expression of the glycophorin receptors on the RBC membrane.

GENERATION OF AN IMMORTALIZED ERYTHROID CELL LINE
FROM HUMAN PERIPHERAL BLOOD FOR THE FUNCTIONAL
ANALYSIS OF INVASION IN PLASMODIUM SPECIES

Estela Shabani’, Erik J. Scully’, Gabriel W. Rangel’, Martha A.
Clark?, Mudit Chaand', Christof Gruring, Usheer Kanjee', Ryo
Kurita?, Yukio Nakamura3?, Manoj T. Duraisingh'

"Harvard School of Public Health, Boston, MA, United States, “Department
of Research and Development, Central Blood Institute, Japanese Red
Cross Society, Tokyo, Japan, *Cell Engineering Division, RIKEN BioResource
Center, Tsukuba, Ibaraki, Japan

Plasmodium invasion and proliferation within host erythrocytes is
responsible for the clinical manifestations of malaria. The identification
of strain-transcendent host molecules for P falciparum invasion (basigin
and CD55) has highlighted the importance of identifying critical host
determinants for Plasmodium spp. invasion to inform the design of
vaccines and antimalarials. Recently, we have used forward genetics

in erythroid progenitors derived from primary CD34+ hematopoietic
stem cells (HSCs) to identify CD55 as an essential host receptor for P
falciparum invasion. However, the use of primary cells is time-consuming,
subject to donor variability, and these cells are harder to manipulate
genetically. Additionally, the few available immortalized erythroid cell
lines do not fully differentiate into enucleated normocytes. In this study,
we immortalized erythroid progenitors from peripheral blood using

the Tet-inducible HPV16-E6/E7 expression system. This cell line (ejRBC)
resembles HSC-derived basophilic erythroblasts based on morphology
and surface erythopoietic markers, and can be induced to produce
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~95% orthochromatic cells and ~5% reticulocytes in eight days, a period
considerably shorter than that reported for other cell lines. ejRBCs are
genetically tractable via sShRNA and CRISPR-Cas9 with high efficiency
knockdown and knockout evident at 7-10 days post-transduction.
Additionally, the levels of the previously identified P falciparum and

P, vivax receptors are comparable between ejRBCs and reticulocytes.
Terminally differentiated €jRBCs support invasion of sialic acid-dependent
and independent P falciparum strains, as well as P vivax. CRISPR-Cas9
knockout of DARC in ejRBCs ablates P, vivax invasion without affecting

P falciparum invasion, emphasizing the robustness of this model for

the functional study of Plasmodium invasion. Importantly, this method

of immortalizing erythroid progenitors from peripheral blood makes
practical the generation of cell lines from individuals from diverse
genetic backgrounds and with unique polymorphisms to interrogate the
mechanisms of malaria susceptibility.

COMBINING RNA-SEQUENCING AND MATHEMATICAL
MODELLING TO IDENTIFY MECHANISTIC CORRELATES OF
PROTECTION IN MALARIA

Athina Georgiadou', Michael T. Bretscher?, Hyun Jae Lee?,
Michael Walther4, Anna E. van Beek®, Fadlila Fitriani’, Diana
Wouters?, Taco W. Kuijpers¢, Davis Nwakanma#, Eleanor M. Riley?,
Michael Levin', Lachlan J. Coin?, Azra Ghani?, David J. Conway?,
Aubrey J. Cunnington'

'Section of Pediatrics, Imperial College London, London, United
Kingdom, ?Medlical Research Council Centre for Outbreak Analysis and
Modelling, Imperial College, London, United Kingdom, 3Institute for
Molecular Bioscience, University of Queensland, Brisbane, Australia,
“Medical Research Council Unit, Fajara, Fajara, Gambia, *Department

of Immunopathology, Sanquin Research and Landsteiner Laboratory of
the Academic Medical Centre, University of Amsterdam, Amsterdam,
Netherlands, ®Department of Pediatric Hematology, Immunology and
Infectious Diseases, Emma Children’s Hospital, Academic Medical Centre,
Amsterdam, Netherlands, “The Roslin Institute, University of Edinburgh,
Edinburgh, United Kingdom, éDepartment of Pathogen Molecular Biology,
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Parasite load is a key determinant of severe malaria and is a consequence
of pathogen multiplication rate, time and the ability of the host to
constraint parasite growth. We aimed to develop a new method to
identify the host mechanisms which constrain parasite growth. Using a
mathematical model of longitudinal infection dynamics for orientation,
we made individualized estimates of parasite multiplication and growth
inhibition in Gambian children at presentation with acute malaria and used
whole blood RNA-sequencing to identify their correlates. We identified 26
human genes positively correlated with parasite growth inhibition, largely
linked together in a network focused around extracellular signal-regulated
kinases, which integrate cellular inflammatory and metabolic responses in
innate defence. Focusing on two genes which encode secreted products,
we identified novel roles for cathepsin G and matrix metallopeptidase 9
(MMP9) as direct effector molecules which inhibit P falciparum growth.
Cathepsin G acts on the erythrocyte membrane, cleaving surface receptors
required for parasite invasion, whilst MMP9 acts on the parasite. Our
findings underline the importance of accounting for the interaction
between host and pathogen when seeking to identify correlates of
protection, and reveal novel mechanisms controlling parasite growth in
humans.

TIMING OF HOST FEEDING DRIVES RHYTHMS IN PARASITE
REPLICATION

Kimberley F. Prior, Aidan J. O’'Donnell, Sarah E. Reece
University of Edinburgh, Edinburgh, United Kingdom

The synchronous manner with which malaria parasites replicate asexually
in the blood of the host is responsible for many of the clinical symptoms
of malaria, with fevers arising from parasites undergoing synchronous
schizogony. How malaria parasites maintain synchrony and coordinate
the timing of transitions between their developmental stages (e.g. ring,
trophozoite, schizont stages) during asexual cycles is unknown. We reveal
that the timing of asexual cycles is driven by the host’s circadian rhythms,
specifically rhythms in food intake. By feeding mice either in the day-time
of night-time we show that the timing of asexual parasite development
in Plasmodium chabaudi becomes inverted in day-fed hosts relative to
the rhythms of parasites in night-fed hosts, with schizogony occurring in
the middle of the day or night respectively. Our data suggest rhythms in
glucose availability are responsible for rhythms in asexual development,
not rhythms in host immunity. Furthermore, the host’s circadian clock is
not required for rhythms in asexual development. Specifically, parasite
rhythms are maintained in clock mutant mice but only when rhythmic
food intake is enforced; when hosts eat all day long, parasites lose
synchrony. We propose that daily fluctuations in resource availability

both directly regulate asexual development and are used by parasites

as a time-of-day cue to synchronise their rhythm to those of the host.
Because parasite rhythms matter for their fitness, identifying the molecular
mechanism underpinning parasite rhythms may expose ways to disrupt
parasite development and ultimately lead to a reduction in disease and
transmission.

SURVIVAL RIGHTS SURVEILLANCE OF CHILDREN PRESENTING
TO A LARGE REFERRAL HOSPITAL IN MALAWI

Takondwa C. Chimowa', Medson Matchaya?, Edith Kumwenda?,
Patricia Khomani3, Bernadette O'Hare!

"University of Malawi, College of Medicine, Department of Paediatrics and
Child Health, Blantyre, Malawi, ?Ministry of Health, Blantyre District Health
Office, Blantyre, Malawi, *Baobab Health Trust, Blantyre, Malawi

While medical interventions may prevent children from dying after they fall
sick, to eradicate avoidable child mortality, there is a need to ensure that
children have access to the most important determinants of health, which
are basic rights or survival rights. Our aim was to quantify access to survival
rights (adequate water and sanitation, shelter, and an educated mother)
of children presenting to a major referral hospital in Southern Malawi. A
quantitative observational cross sectional approach was used. Routinely
collected socioeconomic data for children attending the hospital’s services
during three calendar years from January 2013 were analysed. As maternal
education is associated with child survival, we included this as a survival
right. Data from 98,284 children were included in the study. 35.9% and
3.6% of the children did not have access to an improved sanitation and
improved drinking water source respectively. There were not significant
differences between Blantyre urban and rural residents. 7.2% of children’s
guardians (90% mothers) did not have access to any education, with

65% having access to ‘some primary’ education. We also found that in
90.3% of the households, more than 3 people were living in one room.

In conclusion many children did not have access to all their survival rights.
Deprivation of the right to shelter was the most pronounced followed by
the right to sanitation, then maternal education with the right to access to
an improved water source being least deprived. A human rights approach
to improving child health with routine surveillance of survival rights or

data on the social determinants of health at every health facility could be a
useful adjunct to national surveys. The collection of data and advocacy at a
local level has the potential to increase access to survival rights.
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MORTALITY TRENDS FOR THE POLITICALLY VOICELESS AND
THE OUTBREAK OF “PEACE"- POST-CIVIL WAR MATERNAL
AND CHILD HEALTH BY PEACE TYPE, 1990-2015

Riley G. Jones', Rachel C. Jones?, Joel M. Lanceta®, Jenevieve S.
Kincaid®, Karoline E. Skogo-Brathen®

"University of Florida, Gainesville, FL, United States, “University of
Edinburgh, Edinburgh, United Kingdom, *University of Louisville, Louisville,
KY, United States, “Wilderness Medical Society, Lake Tahoe, NV, United
States, °King’s College London, London, United Kingdom

The outbreak of “peace” after civil war is characterized by deeply
entrenched grievances and insecurity with violence often persisting at
high levels with disproportionate impacts on different segments of society,
particularly for the politically voiceless. This study updates our previous
work with an expanded dataset, new health indicators, and more robust
statistical analysis to test the assumption that diplomatic negotiations

at the end of war protect the health and interests of vulnerable, non-
combatant populations such as women and children. Specifically, we
examined mortality trends after civil war whereby under-five child mortality
rates and maternal mortality ratios are compared between two peace
types, a peace imposed by the victor and a negotiated peace between
capable warring parties, following five years of peace. The Uppsala
Conflict Data Program Armed Conflict Dataset was queried for global
civil wars ending between 1990 and 2015 and nominally categorized by
peace type. UNICEF under-five mortality rates (USMR) and UNMMEIG
maternal mortality ratios (MMR) at five years after conflict termination
were then compared by net change relative to health at the point of peace
declaration. Health differences by peace type were compared by one-way
analysis of variance at a=0.05 with 95% confidence intervals obtained
by Welch-Satterthwaite two-sample t-testing. We found that USMR fell
by 13.0 and 19.2 deaths per 1,000 births in VP and NP, respectively, with
no statistical differences seen; we found that MMR fell by 73.7 and 110.1
deaths per 100,000 births in VP and NP, respectively, with no statistical
difference seen. Further analysis compared peace time mortality trends

to those in continued active war zones. Therein, statistically significant
health dividends of peace relative to their continued war-affected peers
could not be appreciated until three years after conflict resolution. This
study concludes that the maternal and child mortality after civil war does
not differ between peace types and quantifies the time delay in which
populations exiting civil war experience mortality improvements as the
beneficiaries of peace.

PATTERN OF MEDICATION PRESCRIPTION IN PRIMARY
HEALTH CARE CENTERS IN NIGERIA: IMPLICATIONS FOR
SDG3 AND IN ANTI-MICROBIAL RESISTANCE

Ibanga J. Inyang
University of Uyo Teaching Hospital, Uyo, Nigeria

Our aim was to investigate the pattern of medicines prescription in
selected peri-urban PHC centres in a state of Nigeria, and also attempt
to estimate the cost implications of that prescription pattern. Multiple
medication and medicines over-prescription were regular features in

the PHC centres, with prescription of over nine ingredients in extreme
cases. In some instances, the cost of prescribed medications was over
3/15/2018 ASTMH - Nomination Submissions https://www.astmh.
org/awards-fellowships-medals/awards-and-honors/nomination-
submissions?aid=305&sid=15354 5/20 500% higher than what would
be determined for that of a rational or justified medication for the same
presenting complaint. Uptake of nonrational or excessive prescriptions in
PHC settings could cause family health expenses that exacerbate financial
distress. Also, based on their past experience on the prescription profile,
community members may delay visit to health centres in anticipation of
the level of prescription charges. Forty-two to 50% of the prescriptions

featured anti-biotics, in most cases incomplete dosage which at the
cellular level may favour development of anti-microbial resistance. In view
of the increasing incidence of antimicrobial resistance as a public health
threat, there would be justification to carry out a prospective and wider
population study of this subject to better identify and characterize and
also quantity incidence of the health system governance and health care
provider self-interest attributable factors that underpin this pattern, such
that more effective measures could be entrenched to curtail the pattern.

THE NEXUS OF CONFLICT, MIGRATION, AND DISEASE: A
CASE STUDY OF THE CURRENT AND IMPENDING HEALTH
CRISIS OF THE ROHINGYA REFUGEES IN BANGLADESH

Megan Vitek, Elliot Tenpenny
Samaritan’s Purse International, Boone, NC, United States

The majority of active and protracted conflicts are located in low or middle
income countries - 10 of which have been on-going since 1991 and,

per the World Bank, have caused the majority of forcible displacements
worldwide. UNHCR reported that there were 65.6 million forcibly displaced
persons worldwide by the end of 2016 and this number continues to
increase. Predictably, conflict causes a crisis of migration that inevitably
leads to a public health crisis. Evidence of this lies in the thousands of
those directly injured through warfare in conflicts such as Syria and Iraq,
as well as epidemic outbreaks of Cholera in Yemen and Measles seeping
into surrounding countries from Venezuela. Taking the most recent conflict
within Myanmar as an example, a genocide of the Muslim Rohingya
people, what started as an internal conflict, lead to almost 700,000
Rohingya fleeing to Bangladesh from August to December of 2017. As

a result of joining an existing Rohingya population and host community,
the current appeal for support is for 1,300,000 persons and requested
funding totals 950.8 million USD. Nearly 10% of this appeal is slotted

for healthcare. In this sector, Samaritan’s Purse is actively responding to
the current Diphtheria outbreak and planning for the impending Cholera
outbreak once the rainy season begins. Diphtheria, an antiquated disease
and inactive for decades in the western hemisphere, has ravaged the
Rohingya community who were not provided vaccinations by their home
country. The majority of patients being children, this bacterial infection
leads to a buildup of toxins requiring administration of Diphtheria
Antitoxin that is in short supply worldwide and often causes severe
adverse reactions. After treating over 1,000 individuals with Diphtheria,
Samaritan’s Purse presents clinical findings and operational lessons
learned, as well as the necessary transition within an active humanitarian
and health crisis to also caring for Cholera among the forcibly displaced
Rohingya, who are an unfortunate case study of the intersection of
conflict, migration, and disease.

LESSONS LEARNED FROM COMMUNITY ENGAGEMENT
AND OUTREACH PRIOR TO INITIATION OF COMMUNITY-
WIDE AUTOPSY PROGRAMS TO IMPROVE MORTALITY
SURVEILLANCE, KISUMU, WESTERN KENYA

Peter N. Onyango

Kenya Medical Research Institute- Center for Global Health Research
(KEMRI-CGHR), Kisumu, Kenya

Several new international initiatives are underway to help address limited
cause-specific mortality data in low-resource settings. KEMRI-CGHR/CDC
in Kisumu, Kenya, was selected as a site for two of these new initiatives
that use autopsies: Child Health and Mortality Prevention Surveillance
program and the Kenya Mortality Study. Extensive community engagement
and outreach were required prior to starting enrollment due to the
sensitivities of this type of work. Community engagement was done
through national administration, Ministry of Health ,and Community
health strategy. Engagement involved meetings with local leaders including
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MoH department heads, chiefs, and assistant chiefs. Trainings were held
for all local partners, including community health volunteers, pathologists,
laboratory technologists, hearse drivers, and medical staff at health
facilities. Community members were engaged through presentations at
community meetings. Site preparation and community engagement took
place October 2016 through May 2017. We held 20 community meetings,
7 continuing medical education lectures, and sponsored weekly meetings
and monthly health dialogue days with CHVs. Topics covered during
meetings included background on the studies, the benefits of knowing
mortality rates and causes of death, and autopsy procedure details.

We trained 3 pathologists on minimally invasive tissue sampling, 2 lab
technologists on tissue histopathology preparation, and 8 hearse drivers
on safe body handling. We also provided prophylactic vaccinations to 3
pathologists, 4 pathology technicians, 8 hearse drivers, and 8 mortality
surveillance staff. To date, we received 83 death notifications and have
enrolled 12 pilot deaths. In conclusion, our community engagement
strategy has engaged members of the community and has contributed

to a quick rollout with receipt of many death notifications. Trainings have
equipped partners to understand the objective and effectively handle study
procedures. We need to enhance community engagement by continuing
to share information to assist with death notifications.

STRENGTHENING COMMUNITY HEALTH SERVICE DELIVERY
THROUGH COMPLETE HOUSEHOLD MAPPING AND CENSUS
DATA, IN A CASE OF MANYATTA URBAN HDSS

Thomas Misore, Maurice Ombok, David Obor, Stephen Liech,
Leonard Oyuga, Janet Agaya

Kenya Medical Research Institute (KEMRI), Kisumu, Kenya

Lack of accurate population-level denominators for underserved urban
populations hinders the assessment of disease burden, and affects

proper development and evaluation of health care interventions. Through
the support of the Child Health and Mortality Prevention Surveillance
(CHAMPS) network, the Kenya Medical Research Institute (KEMRI) in
collaboration with the Kisumu county department of health, Emory Global
Health Institute and Centers for Disease Control and Prevention (CDC) are
establishing an urban Health and Demographic Surveillance System (HDSS)
in Manyatta informal settlement area of Kisumu town, western Kenya.
This study was carried out with an aim of generating surveillance data

to advice stakeholders on policy and implementation towards reducing
child mortality. After verbal consent was obtained from household heads
physical mapping geo-location and unique numbering of all houses was
conducted in Manyatta between November 2016 and February 2017.
Subsequently, all members of the mapped households were enumerated
and their socio-demographic data collected. These Data were collected
electronically using smart phones by trained Community Interviewers.

We compared the data obtained versus the department of health data
used in service provision. The total number of enumerated households
was 31,266, which was two and a half times the number of households
reported and served by the county health department at 11,868. We
noted that although each community health volunteers (CHV) is allocated
100-120 households by the health department, our data shows that

they should actually cover 650-800 households. A comparison of the
workload also showed that only 11 out of 110 villages met the set criteria
of assigning 100-120 households per CHV. As observed, emphasizing the
importance of re-assessing census figures for urban area catchments is of
paramount importance since CHVs are recruited and allocated duties on
the basis of number of households, this finding has important implications
for service delivery and health outcomes in Manyatta.

DEVELOPMENT OF RUMOR SURVEILLANCE IN SUPPORT OF
MINIMALLY INVASIVE TISSUE SAMPLING FOR DIAGNOSING
CAUSE OF CHILD DEATH IN BANGLADESH

Md. Saiful Islam’, Abdullah-Al Masud', Muhammad Faruge
Hussain', John Blevins?, Emily D. Lemon?, Shams El Arifeen,
Elizabeth A. O'Mara?, Khatia Munguambe?, Emily S. Gurley*

'International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka,
Bangladesh, 2Emory University, Atlanta, GA, United States, *Manhica
Health Research Centre, Mozambique, Mozambique, “John Hopkins
University, Baltimore, MD, United States

In low and middle-income countries, determining cause of death (CoD) is
impaired by limited diagnostic facilities, poor access to health care systems,
and limited acceptance of autopsies. Minimally invasive tissue sampling
(MITS), a post-mortem procedure to extract small tissue specimens for
laboratory analysis could reduce uncertainty of CoD. A study to identify
the CoD in Bangladeshi children using MITS could lead to rumors, given
the cultural sensitivities around any type of postmortem exam. Our
objective was to implement a system to identify and track rumors and
misinformation about the MITS procedure to enable management and
response to rumors through community engagement. We recruited
1,275 volunteers in 261 villages to notify any rumors being spread in the
community, defined as attitudes, expectations, interests, concerns and
anxiety towards MITS. Once a rumor was reported, the field team selected
respondents for in-depth interviews and group discussions to track, verify
and understand rumors. From September 2017 through February 2018,
the team identified three rumors from communities where deceased
children underwent the MITS procedure. Two rumors indicated that the
study was harvesting organs for sale or transplantation. Another rumor
was that the MITS procedure had been conducted on a living child, and
because of this, there was excessive seepage of fluids from the needle
wound sites. Rumors reportedly originated from some villagers who were
unfamiliar with the MITS procedure. The team visited the rumor affected
villages, talked to residents who started or perpetuated the rumors

to understand their concerns and queries, and then convened group
meetings to correct misinformation. The rumor surveillance was critical for
successfully identifying and responding to tensions between community’s
perceptions and the study’s objective, improving the acceptability of the
procedure and ensuring that families who agreed to MITS did not suffer
stigmatization. Rumor surveillance could be used as a part of any public
health program where there is a need to identify and act upon public
misinformation or other community events in real-time.

“BLEEDING BODIES”, “UNTRUSTWORTHY BODIES"”? A
SOCIAL CONSTRUCTIONISTS APPROACH TO THE HEALTH
AND WELL-BEING METRICS FOR FEMALE YOUTHS IN KENYA

Elizabeth Opiyo Onyango, Susan J. Elliott
University of Waterloo, Waterloo, ON, Canada

The diverse changes - biological, social, cultural and economic -
experienced by female youth and that affect their health and well-being
is well researched. What is yet to be understood is how female youths
in LMICs socially construct their health and well-being in the time of
transition to adulthood in a resource scarce environment and how this
impacts on their perception and meanings of health and well-being.
Empirical evidence has shown that human experiences and perceptions
of space and time are remarkably specific to certain groups and cultures
in particular places and times. Using this premise, we employed a social
constructionist perspective to explore health and well-being of female
youth in Kenya with an objective of highlighting the health indicators
that matter to the lay female which are youths essential in well-being
assessment. Using an ecological model, we conducted six in-depth
interviews (n=6) and four focus group discussions (n=4) with female
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youth 15-24 years in different regions in Kenya. The regions were
selected based on socio-economic status, urban, arid and semi-arid
areas. Phenomenological analysis of the data gave rise to the conceptual
categories of the female youth being “bleeding bodies”, “unemployed
and over dependent bodies”, and “untrustworthy bodies”, “culturally
disadvantaged bodies” and “bodies prone to diverse health risks”. We
found out that poverty and lack of basic needs contributed to feelings of
powerlessness and inability to take charge over one’s life in the phase of
transition. Strong social support was demonstrated as the only hope and
fallback for the youth in these of contexts. These insights are important in
formulation of context specific policies that target neglected groups.

INTEGRATING ACTIVE AND PASSIVE CASE SURVEILLANCE IN
PREDICTIVE DISEASE MAPPING

Luca Nelli', Heather M. Ferguson', Alfred B. Tiono?, Hilary
Ranson3, Jason Matthiopoulos'

"University of Glasgow, Glasgow, United Kingdom, ?Centre National de
Recherche et de Formation sur le Paludisme, Ouagadougou, Burkina Faso,
3Liverpool School of Tropical Medicine, Liverpool, United Kingdom

Statistical relationships between environmental predictors and disease
incidence can be observed either via localised active surveys or via passive
case surveillance data collated at health centres. Active surveys can achieve
monitoring with high explanatory power, but they are expensive and
highly localised. Passive detection allows data collection across a broader
scale, promising wider spatial predictions, but with limited explanatory
power, due to the lack of detailed aspects of the disease and its drivers.
Here, we aimed at achieving the best of both worlds via an inferential
framework capable of simultaneously drawing insights from both these
types of data.We used a Bayesian latent point approach, incorporating

a combination of active data collection in some points, where a full set

of covariates were measured, and passive cases detection, where an
important covariate (insecticide resistance) was unavailable. We validated
our approach on some hypothetical scenarios of reported malaria
incidence as a combination of both an ecological process (incidence as a
function of some environmental covariates) and an observation process
(probability of reporting malaria cases as a function of distance from
clinics). Models considering active sampling sites only failed in describing
the relationships between the environmental predictors and malaria
incidence. Models using passive detection data only gave better results,
allowed to estimate the probability of case reporting at health centres

and to generate full predictions of incidence in space, but not to infer

the latent variable. When jointly considering active and passive cases, we
obtained the best estimate of coefficients describing the biological and
the observation processes, together with full spatial prediction of both
incidence and the latent variable of insecticide resistance.By integrating
active sampling and passive case detections in a complementary way, we
provide a simple solution to a widespread problem in spatial epidemiology,
combining latent process modelling, spatially autoregressive modelling and
point sampling distance sampling.

HEALTHCARE WORKERS’ PERSPECTIVES ON PREPAREDNESS
OF HEALTHCARE FACILITIES FOR OUTBREAK OF
COMMUNICABLE DISEASES IN NIGERIA: A QUALITATIVE
STUDY

Maduka D. Ughasoro
University of Nigeria Enugu Campus, Enugu, Nigeria

The probability of a future outbreak of communicable disease after the
recent Ebola virus outbreak is high. The healthcare facilities may not be
prepared to respond in case of such eventualities. The Nigerian healthcare
workers’ (HCWs) knowledge for preparedness, perception of level of
preparedness existing in their facilities, militating factors and possible ways
to improve were evaluated through a qualitative data collective: Focus

Group Discussion and In-depth interview. Among the 193 HCWs that
participated in the study, 98.4% (190/193) considered their health facilities
to be insufficiently equipped for disease outbreaks. None of the facilities
has an emergency operation unit. The HCWs' idea about preparedness
centered essentially on universal precaution. Training and routine
emergency drill, disease surveillance, and adequate waste management
are lacking. None 0% (0/193) of the participants had undergone any
form of emergencies drill. Among the suggestions on how to improve

on preparedness were: immunization of staff, better communication
among different departments in the health sector, routine training, fund
and relocating some of the hospital services to an annex. In conclusion,
the overall poor level of preparedness which exist in most health facilities
cannot contain any outbreak. There is need to look beyond universal
precaution to areas like improved communication and information
sharing, and routine interpretation of surveillance data by epidemiologist.
Institution of emergency operation units in every health institute capable
of functioning during non-outbreak periods.

KNOWLEDGE OF NEURAL TUBE DEFECTS, ATTITUDES
AND PREVENTION PRACTICES AMONG WOMEN SEEN IN
PRENATAL CONSULTATION-NIAMEY-NIGER, 2017

Oumarou Batoure’, Williams Jennifer?, Samuila Sanoussi3,
Sawadogo Bernard?, Antaraa Simon®, Mckenzie Andre?

'Direction of Immunization, Niamey, Niger, ?Centers for Disease Control
and Prevention, Atlanta, GA, United States, *Head of Neurosurgery
Department, National Hospital, Niamey, Niger, “West Africa Field
Epidemiology Training Program, Ouagadougou, Burkina Faso, *Africa Field
Epidemiology Network, Kampala, Uganda

Congenital abnormalities are functional, structural, or metabolic
abnormalities that occur in the uterus and are identified before or

after birth. In Niger, the field of congenital abnormalities has not been
sufficiently explored. Our goal was to describe the knowledge of neural
tube defects (NTD), attitudes and preventive practices among women
seen in prenatal consultation (PNC). We carried out a cross-sectional
survey from February to March 2017 among pregnant women seen in
PNC (1) in maternity hospitals in Niamey. The sample, calculated with
Open Epi was 421.These women were interviewed and the data were
collected with a questionnaire. Univariate, bivariate and multivariate
analyzes were performed. The prevalence ratio (PR) and the prevalence
of 95% OR (POR) were calculated. Variables with p <0.25 in bivariate
analysis were integrated in the logistic model. The median age of the
respondents: 25 years. There were 60.81% schooled; 24.33% had their
first pregnancy. Among the respondents 30.65% knew the NTD; 15.92%
had good attitudes; 41.81% had used folic acid (FA). Age (25-49 years)
was independent factor of NTD knowledge (p = 0.0008); for attitude: age
(25-49 years) (p = 0.03), FA intake (p = 0.0002) and for practice, being
literate (P = 0.01), information by health workers (p <0.0001), knowledge
of other sources of FA (p = 0.04). There is a lack of knowledge, attitudes
and practices regarding NTDs among women in Niamey. Continuing
education for women and the implementation of a mandatory policy for
the fortification of certain foods with FA are necessary.

ACCESS TO VISCERAL LEISHMANIASIS DRUGS IN EASTERN
AFRICA: WHY EFFECTIVE SUPPLY IS SO ELUSIVE?

Temmy Sunyoto
Institute of Tropical Medicine, Antwerpen, Belgium

Visceral leishmaniasis (VL) is fatal without timely treatment. As a neglected
tropical disease, the control program in eastern Africa region is hindered
by vast challenges. Conflict, population displacements, malnutrition and
poverty influence the supply of life-saving drugs to treat VL. The treatment
regimens are limited: toxic, complex administration, too expensive, or
produced by a single source. Drug shortages are common, leading to
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the severe socio-economic burden of the people, often the poor and

most marginalized. Despite the external support, effective supply of

VL commodities remains uncharted territory. There is no data on the
magnitude of drugs shortages and the bottlenecks in procurement.

We aim to evaluate access barriers to supply of quality VL drugs and
diagnostics, as part of a larger study on access to care. We conduct
landscape on policy analysis at the global level, which then narrows down
towards mapping of barriers at the regional level. We have launched an
online survey for participants working in neglected disease in the region
through an e-drugs mailing list. A series of in-depth interviews with key
stakeholders at different levels are conducted, including from multilateral
and international organizations using a piloted topic guides and conducted
by an experienced qualitative researcher(s). A focus will be dedicated to
Sudan, the country bearing the highest burden of VL (30,000 cases in
2010-2014). We perform analysis on stock-outs between 2007-2017 will
be performed, ranging from the central medical stores to the health facility
level. Perspectives from the national, state and health workers will be
solicited as well. The data collection is planned to start in May 2018. With
the combination of quantitative and qualitative data, we expect to have
-for the first time- a clear map of barriers to effective supply of VL drugs
and strategies moving forward for this region. Access to available drugs is
often overlooked. Thus ensuring supply to the drugs that save lives, should
not be neglected further.

PILOTING NURSE-LED QUALITY IMPROVEMENT PROJECTS IN
NENO DISTRICT, MALAWI

Esnath M. Kapito’, Maria Openshaw', Chiyembekezo
Kachimanga', Emily Wroe', Sharon Rose?, Sally Rankin?, Cory
McMahon?, Anatole Manzi?, Mercy Mhango*, Kim Baltzell?

'Partners In Health/ Abwenzi Pa Za Umoyo, Blantyre, Malawi, 2University
of California San Francisco, San Francisco, CA, United States, 3Partners

in Health, Boston, MA, United States, “Neno District Hospital, Ministry of
Health, Blantyre, Malawi

This abstract describes a component of the authors’ ongoing study
“Improving Health Outcomes in Mothers and Neonates using the WHO
Safe Childbirth Checklist in Neno District, Malawi”. There is a persistent
gap between the intended quality of maternity care and that experienced
by Malawian women, as evidenced by country’s high maternal and
neonatal mortality rates. In response, the Malawian Ministry of Health
(MoH) has decided to focus on quality improvement (Ql), through the
formation of a national Quality Management Directorate and facility-

level QI activities. Guided by the Reproductive Health Directorate, these
initiatives have focused on systems-level improvements to maternity care.
In Malawi, most maternity care is provided by nurses and midwives at

the community and district level. This project uses nurse-midwives as the
drivers of QI to conduct projects targeting the most significant challenges
or deficits in their workplaces. As part of the Global Action to Improve
Nursing and Midwifery care (GAIN) initiative in Neno, a district in southern
Malawi bordering Mozambique, 30 local nurse midwives were trained

in leadership and Ql in two cohorts. GAIN is a collaboration among the
University of California San Francisco (UCSF) School of Nursing, Partners
in Health/Abwenzi Pa Za Umoyo, and the Malawian MoH. Working on
interdisciplinary teams and with guidance from two expert nurse midwife
mentors, nurse midwives designed and implemented QI projects in their
workplaces in March, 2018. Topics included improving management

and documentation of the immediate postpartum period; improving
routine neonatal care through checklist use; decreasing rates of puerperal
infection; and improving blood pressure monitoring for antenatal mothers.
Project targets include complete charting of all postpartum assessment and
care, consistent use of a checklist for neonatal care, and documentation
of blood pressure for all mothers at every antenatal visit. Given the vital
role of nurses in this setting, QI initiatives designed and led by nurses have
the potential to eliminate systems-level barriers to comprehensive and safe
care for mothers and newborns.
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ASSESSMENT OF THE DETERMINANTS OF NON-ADHERENCE
TO ANTIRETROVIRAL THERAPY DURING PREGNANCY IN THE
DISTRICT OF MANHICA, MOZAMBIQUE: A PRELIMINARY
ANALYSIS

Salésio Macuacua
Centro de Investigacdo em Saude de Manhica, Maputo, Mozambique

Inadequate adherence to antiretroviral therapy (ART) and retention to
care among pregnant women and breastfeeding mothers has been an
important barrier to effective prevention of mother to child transmission
(PMTCT) of HIV infection in sub-Saharan Africa. Intending to address the
many challenges of PMTCT implementation, WHO revised international
guidelines to recommend lifelong ART treatment for all HIV infected
pregnant women at the time of diagnosis in antenatal care and during
breastfeeding, regardless of their clinical condition. Mozambique, adopted
this strategy in 2013. However, despite commitments, this strategy

has been severely stressed by continued high rates of non-adherence

to ART and lost to follow up. The aim of this study was to identify the
determinants of non-adherence to ART among pregnant women in the
district of Manhica, Mozambique. In this preliminary analysis we used
de-identified, aggregate data collected within a large parent study. Data
included age groups, marital status, education, occupation, religion, and
residence. For select pregnant women, a more detailed in-depth interview
was conducted to explore the association of the socio-demographic
factors on consumption of ART medications. Non-adherence was
determined through pill counts and self-reports, and defined as taking
less than 95% of the prescribed ART doses for each of the first two
months since initiating prenatal care visits. Preliminary analysis of the

127 participants recruited into this study, based on pill count, only 33%
of our population was adherent to ART during each of the two months
period following initiation of their prenatal care. In multivariable models of
analysis, the characteristics most significantly associated with being non-
adherent to one’s ART were decreased age, being a widow, having lower
education, and initiating ART during the current pregnancy. It is very likely
that greater attention needs to be given to actual pill consumption and
clinical measurements such as viral load to better monitor the adherence
to ART and retention in care rather than just simply maintaining clinic visits
and medication pick-up.

MOTIVATION FOR FRONTLINE HEALTH IMPLEMENTERS IN
NEGLECTED TROPICAL DISEASE PROGRAM: THE KEY TO
SUSTAINABILITY AND ACHIEVING ELIMINATION GOAL FOR
NEGLECTED TROPICAL DISEASES IN NIGERIA

Akinola S. Oluwole’, Luret Lar?, Oluwatosin B. Adekeye’, Ruth
Dixon?, Kim Ozano?, Sally Theobald?®, Laura Dean?, Sunday Isiyaku?,
Elena Schmidt?

SIGHTSAVERS, Kaduna, Nigeria, °SIGHTSAVERS, Haywards Heath, United
Kingdom, 3Liverpool School of Tropical Medicine, Liverpool, United
Kingdom

Neglected Tropical Diseases (NTDs) affect the poorest and most
marginalized people in low resource countries. Despite global efforts

to combat these diseases, equitable access to freely donated drugs is

still a problem. Frontline implementers (Health Facility staff, Community
Drug Distributors and Teachers) are the workforce of the NTD control
programme and serve as essential link between the health system and
endemic populations. There is an evident gap in understanding best
practices for capacity strengthening of health workforce and performance
management of NTD programme in Nigeria. This study sought to explore
current strengths and weaknesses in Human Resource management for
NTD programme delivery so as to find solutions to current programmatic
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challenges informed by the perspectives of these implementers. The

study was conducted in two purposively selected states, Kaduna and
Ogun State, to allow for maximum contextual variation. We conducted
participatory stakeholder workshops with frontline implementers in 6 LGAs
(3 per state). Experiences, challenges and enablers faced by each group
were explored, synthesised and analysed thematically according to the
WHO Health Systems building blocks. Motivation of implementers to work
is affected by challenges they experience, which include lack of supportive
supervision by the leadership and governance of NTD programmes,
overburdened health workforce due to staff shortages and inadequate
health financing resulting to out-of-pocket expenditure. Poor health
management information systems for rapid response and management of
adverse reactions leading to drug refusals in subsequent treatment rounds
also discourages the implementers. Lastly, there is inadequate training of
implementers resulting in lack of confidence and poor service delivery.
Implementation research is required to understand how the health system
can be strengthened to produce well motivated workforce for NTD
programmes. Since the frontline implementers connects the health system
and endemic populations, their motivation is key to sustainability and
achieving elimination goal for NTD programme in Nigeria.

PERFORMANCE OF COMMUNITY HEALTH WORKERS IN
PROVIDING INTEGRATED COMMUNITY CASE MANAGEMENT
SERVICES (ICCM) IN EIGHT DISTRICTS OF RWANDA

Noella Umulisa’, Aline Uwimana?, Cathy Mugeni?, Beata
Mukarugwiro’, Stephen Mutwiwa', William R. Brieger?, Kaendi
Munguti¢, Aimable Mbituyumuremyi?

"Maternal and Child Survival Program/Jhpiego Rwanda, Kigali, Rwanda,
?Malaria and Other Parasitic Diseases Division (Mal & OPDD), Rwanda
Biomedical Centre (RBC), Kigali, Rwanda, *Johns Hopkins Bloomberg
School of Public Health, Baltimore, MD, United States, “US President’s
Malaria Initiative, United States Agency for International Development,
Kigali, Rwanda

Integrated Community Case Management (iCCM) is a proven evidence-
based strategy that trains, equips and supports various cadres of
community health providers to deliver high-impact treatment interventions
in the community. It is an important component of Integrated
Management of Childhood lliness (IMCl), which was developed by WHO in
the 1990s. Community health workers (CHWs) in each of Rwanda’s nearly
15,000 villages were trained in iCCM and equipped for empirical diagnosis
and treatment of pneumonia, diarrhea, and malaria; for malnutrition
surveillance; and for comprehensive reporting and referral services. This
study was designed to evaluate the performance of CHWs in managing
malaria, pneumonia and diarrhea in 8 districts of Rwanda. In August 2017,
a cross sectional study was conducted among 64 CHWs in 8 districts. Data
was collected using interviews and record reviews. Of the 64 CHWs, 35
(54%) were males, and 94.6% of CHWs reported being satisfied with
their work. In the previous 3 months, the most common illness seen by
CHWSs was malaria (38%), followed by pneumonia (33%). Overall, 70%
of cases were correctly treated. Malaria was correctly treated at 85%,
while pneumonia was correctly treated at 60%. Artemether lumefantrine
was found among 67% of CHWs' supplies, while malaria RDTs were the
most available commodity at 80% of all CHWs. The results showed that
CHWs are providing Integrated Community Case Management services
but their performance is affected by drug availability. Strategies to improve
drug supply, and supportive supervision from the formal health system are
necessary to improve the performance of CHWs.

ENGAGING COMMUNITY RESIDENTS IN INTRODUCING
MINIMALLY INVASIVE TISSUE SAMPLING (MITS) PROCEDURE
FOR CHILDREN IN BALIAKANDI, BANGLADESH

Faruqge Hussain', Emily S. Gurley?, John Blevins?, Emily Lemon?,
Abdush Suban Mulla’, Abu Uzayer?, Afroz Zahan', Anisur
Rahman', Aziz Ahmed', Bimal Das', Kazi Faisal Alam’, Syeda Lutfe
Famida', Shikha Datta Gupta’, Suruj Ali', Shams El Arifeen’, Md.
Saiful Islam’

'International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka,
Bangladesh, 2Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD, United States, *Rollins School of Public Health, Atlanta, GA, United
States, “Emory University, Atlanta, GA, United States

Minimally invasive tissue sampling (MITS), a post-mortem procedure

that uses needle to collect specimens has emerged as an alternative to
autopsies, the gold standard to diagnose cause of death. In Bangladesh,
diagnosing cause of child death is difficult due to poor diagnostic
infrastructure, limited access to qualified doctors in rural settings and lack
of documented medical histories. Considering the context, we aimed

to use MITS to identify the aetiology of death among children less than
five years of age in Baliakandi, Bangladesh. A previous small-scale MITS
pilot in Bangladesh showed that rural people often confuse MITS with

full autopsies, sometimes leading to mistrust between the study team

and participants. Therefore, our objective was to engage and inform rural
residents about MITS objectives and procedure, and enquire whether the
MITS procedure is aligned with their social, cultural and religious practices
and their motivations to know the aetiology of child death. Between
January - March in 2017, we conducted 14 workshops with community
leaders (7) and community members (7) using participatory approach.

The majority of the participants reportedly accepted the MITS as it would
not require opening the deceased body and believed MITS could be

an innovative way to know the aetiology. Some participants provided
examples of multiple child loss within families and believed MITS could
help knowing the causes of such tragedies in the future. Participants
stated that it would be socially and religiously permissible to perform MITS.
Collecting samples and soliciting consent might be difficult from distressed
and grieving families and due to community perceptions that MITS is not
necessary for already known causes of deaths by severe diseases, accidents
or drowning. Participants suggested engaging elder community members
including religious leaders to address queries and concerns. Participatory
community engagement approaches can be useful for population based
public health programs through gaining community input and further
insights into how to build trust and relations with rural residents to engage
them in the program.

EMERGENCIES, ETHICS AND COMMUNITY ENGAGEMENT

Elhadji Mamadou Mbaye

IRESSEF : Institut de Recherche en Santé,de Surveillance Epidemioloque et
de Formations, Dakar, Senegal

December 2013, the first case of Ebola occurs in southern Guinea. Due to
emergency, to the rapidity of its spread and its virulence, experts announce
the risk of an international health disaster. Stakeholders in charge of

the response against EVD are implementing a series of initiatives on the
ground to limit the spread of the epidemic (sorting of patients, quarantine,
rapid clinical trials, etc.). These initiatives lead to community resistance that
encourages efforts at the local, national and international levels to improve
their ethical dimensions (commitment of religious and community leaders,
mobilization of AVAREF, development of guidelines at international level to
support ethics committees This presentation is based on (1) documentary
review, (2) then the exploitation of the data coming from ethical
committees and (3) the analysis of the interviews and observations made
in the field with communities and stakeholders in charge of the response.
The analysis of the data set has shown: (1) an explosion of research and

astmh.org



intervention activities against EVD in West Africa, (2) that raised important
ethical concerns because of emergency and lack of knowledge on EVD

in West Africa, (3) and mobilization of all actors at different levels of

the response to tackle these ethical concerns. In conclusion. the Ebola
outbreak has highlighted the fragility of health systems in West Africa

and the need for these countries to build the capacity of their ethics
committees in developing tools and procedures against the emergence of
emerging diseases and re-emergences.

SYSTEMATIC REVIEW OF COMMUNICATION STRATEGIES
IN NEGLECTED TROPICAL DISEASES ERADICATION,
ELIMINATION AND CONTROL PROGRAMS: A CALL FOR
ACTION

Claudia Nieto-Sanchez', Mario J. Grijalva?, Koen Peeters
Grietens', Benjamin Bates?

'Institute of Tropical Medicine Antwerp, Antwerp, Belgium, ?Infectious
and Tropical Disease Institute - Ohio University, Athens, OH, United States,
3School of Communication Studies - Ohio University, Athens, OH, United
States

Many NTD interventions call for community engagement, health
promotion, or behavior change strategies to enhance coverage and
adherence. Although communication theories and practitioners have
conceptualized and developed strategies, it is unclear whether NTD
interventions use these perspectives. To understand how communication
practice is operationalized in NTD interventions, this systematic review
identified communication actions implemented to address Guinea worm
(GW), lymphatic filariasis (LF), schistosomiasis (SC) and Chagas disease
(CD). We examined studies published between 2012 and 2017 in five
electronic databases. Articles extracted met three criteria: references

to communication, guiding theoretical framework (if available) and
communication domains, including community participation. Information
about media and messages was also collected when available. A

total of 114 articles were extracted (GW=11; LF=29; SC=29; CD=45).
Behavior change is the most common goal pursued and expected from
communication strategies. Risk behaviors are usually addressed through
health education and awareness campaigns. Media-based strategies

are used for dissemination and persuasion. Community participation is
frequently associated with adherence, although more complex definitions
have been tested. References to communication theory are scarce. These
results illustrate efforts in NTD programing to reach populations at risk;
however, they do not account for the complexity of communication
dynamics associated with prevention and treatment of this group of
diseases. For instance, MDA strategies consistently showed challenges
derived from the proliferation of rumors that can be effectively reduced
through communication action. Similarly elimination, eradication and
control programs did not meaningfully differ in their communication
approaches despite the specific demands of each stage. More systematic
and strategic use of communication frameworks adjusted to the

specific public health goals of NTD interventions and context of affected
populations is recommended.

VICTOR CHARLIE AND DISEASE PREVENTION: USARV
MEDICAL NEWSLETTER CARTOONS, INFECTIOUS DISEASE
AND THE VIETNAM WAR, 1965-1972

David Adams’, Jessmarie Gonzalez?, Colette Ryset?, Femi Taiwo?,
Valerie Adams*

'Point University, Savannah, GA, United States, 2South University,
Savannah, GA, United States, 3Texas A & M University, College Station, TX,
United States, “Georgia Southern University, Statesboro, GA, United States

The US lost more than 58,230 troops during the Vietnam War. Although
most died due to combat-related circumstances, thousands also died
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due to non-combat causes. Deaths in the latter group were the result

of causes that ranged from suicide to heart attack, malaria to hepatitis.
While mortality from infectious diseases was relatively rare, morbidity
from such maladies proved an ongoing problem for medical officers and
field commanders alike. As General Slim quickly learned in the India-
Burma Campaign during WWII, troops who were too sick to fight were

of little use against the enemy. The medicos of the USARV (United States
Army Republic of Vietnam) focused much of their prevention efforts on
infectious diseases. As such, they published a type-written, semi-monthly
tract, the USARV Medical Newsletter. Its purpose? “To provide information
of interest and assistance to medical services of the US Armed Forces in
RVN [Republic of Vietnam].” Each USARV Medical Newsletter offered dryly
worded recommendations for preventing and treating infectious diseases
from melioidiosis to malaria. Sprinkled throughout the USARV Medical
Newsletter, however, were roughly sketched, pen and ink, cartoons that
addressed topics from the need for safe drinking water to the importance
of malaria discipline. Their purpose was to reinforce—with heavy doses of
gallows humor—the sober jargon contained in the Newsletters' articles.
This presentation, based on archival materials from the Vietnam Center
and Archive at Texas Tech University, will examine the cartoons of the
USARV Medical Newsletter. As our findings will show, the often crudely
penned cartoons reflected not only the pressing issue of infectious disease
among combat troops but also changing attitudes toward the war itself.

INTERPROFESSIONAL EDUCATION IN A GLOBAL HEALTH
COURSE

James Leathers, Heather Davidson, Neerav Desai
Vanderbilt University School of Medicine, Nashville, TN, United States

Few global health experiences include intentionally-directed
interprofessional training. We aim to prospectively evaluate the impact

of a global health elective in facilitating interprofessional education (IPE)
and promoting cultural sensitivity. We included in our study, medical

and nursing students who participated in the 2015 and 2016 cohorts of
the Nicaragua Global Health course. The course consisted of a 12-week
curriculum conceptually divided into three phases: 1) pre-immersion
preparation, 2) in-country immersion in Nicaragua, and 3) post-immersion
reflection. The pre-immersion preparation phase included didactic lectures
and small group discussions designed to introduce students to concepts
of interprofessional collaboration. During the in-country immersion phase,
students were organized into small-groups that participated in a variety
of interprofessional activities. During the post-immersion phase, students
also to prepare a poster presentation on patient education and teaching
that was presented to students and faculty at our institution. Students
filled out pre- and post-course surveys. We performed quantitative analysis
on numeric data and qualitative analysis on open-ended questions. Of

39 total students enrolled in the course, 26 (18 medical and 8 nursing
students) participated in the study and filled out the pre- and post-course
surveys. Mean competency scores increased for all questions between
pre- and post-course surveys, and of these, 5 of 7 reached statistical
significance. Qualitative themes identified included: 1) the importance

of understanding other team member’s roles and relative strengths; 2)
the value provided by the breaking down of traditional power dynamics
between clinicians. Global health experiences represent a unique and
under-utilized opportunity for facilitating IPE. Our global health course
may be useful as a model for other educators seeking to prepare similar
programs aimed at teaching the principles of IPE.
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TIME TO ADDRESS THE GROWING SYNDEMIC OF
TUBERCULOSIS AND DIABETES: INDIA AS A MODEL HIGH
BURDEN COUNTRY

Latha Rajan, Samuel C. Ficenec

Tulane School of Public Health and Tropical Medicine, New Orleans, LA,
United States

Tuberculosis (TB) is the top cause of death from a single infectious agent
globally. The annual global incidence of 10.4 million TB cases in 2016

is alarming. Diabetes mellitus (DM) is an important comorbidity that
complicates both treatment and clinical course of TB. Currently, India

is the country with the highest incidence. A negative of India’s fast-
growing economy is that it is undergoing the epidemiological transition to
noncommunicable diseases such as Diabetes. India launched an ambitious
new strategy in 2018 to end TB by 2025. A successful strategy to achieve
this goal should address co-morbid conditions that lead to poor outcomes
in TB cases. We undertook this project with the aim of producing an in-
depth needs assessment analysis of existing literature on TB-DM in India.
Results of our analysis have revealed that TB-DM patients were more

likely to experience poor treatment outcomes, longer times to sputum
conversion, increased rates of adverse drug reactions, and increased drug.
Prospective studies included in our analysis show that TB-DM patients were
more likely to experience treatment failure (4.2% vs 0.7 %, p=0.04) than
TB-only patients. TB-DM patients were more likely to be sputum smear
positive at the end of DOTS treatment (RR 3.9, 95% Cl: 1.5-10.6, p=0.02).
Time to sputum conversion was significantly longer at 64.2 days +/- 10.5
days in TB-DM patients vs 61.5 +/- 7.5 days for TB-only patients. An
interesting finding was that TB-DM patients were more likely than TB- only
patients to have rifampin resistant TB (27.8% vs 8.8%, p<0.01). Numerous
molecular and cellular differences in individuals with co-morbid TB-DM
were also found. In 2011 the WHO endorsed a bi-directional screening
method for early diagnosis of TB-DM cases. Despite such efforts, India has
the highest number of cases in the world with an estimated 29-44% of
them being TB-DM cases. With better control of HIV and established HIV-
TB programs, it is high time that TB programs pay attention to the growing
epidemic of Obesity/Diabetes. Our results provide evidence for adopting
comprehensive TB prevention and treatment programs that include
important co-morbidities such as DM.

BIOSAFETY CAPACITY BUILDING: A CASE STUDY IN PUBLIC-
PRIVATE PARTNERSHIPS

Ryan N. Burnette
Merrick and Company, Greenwood Village, CO, United States

Biosafety capacity building has been a foundation to dozens of global
health endeavors over the past several decades in various regions,

many with limited success. Many shortcoming to realize sustainment of
these efforts include transient engagement from international partners,
inability of host countries and institutions to sustainably fund and
manage resulting programs, challenges with respect to building human
resources, and others. Private and public partners have much to offer

in terms of capacity building and net results can be augmented when
both partners work collaboratively with host nations and institutions.

This presentation will detail a series of BSL2 to BSL3 tuberculosis
diagnostic laboratory and program upgrades in different provinces of
India as a result of a collaborative effort between private, public, and

host nation resources. In short, laboratories of this nature had a strong
need to increase TB diagnostic capacities, necessitating the inclusion of
new liquid culture TB diagnostic systems. However, these new systems
required more robust biosafety capacity. Our team led the upgrade of
BSL2 laboratories to BSL3 laboratories in four locations. In the subsequent
years, this program has expanded to over 20 laboratories. Through good
partnership design, involvement of host nation resources, and a unique
remote project management application, diagnostic capacity and accuracy

of TB diagnostics expanded rapidly and cost-effectively. This case study
will demonstrate critical decisions made during the project lifecycle

that impacted both execution and resulting plans for sustainability. This
presentation will also detail nuances of the public-private partnership that
established a framework for close involvement of host nation resources
to build internal human resources. Finally, this study will reveal both the
lessons learned from the experience and the resulting successes.

NUTRITIONAL STATUS AMONG CHILDREN UNDER FIVE AND
ITS DISPARITY BETWEEN COMMUNITIES IN SAHEL REGION
OF BURKINA FASO: A COMMUNITY-LEVEL INTERVENTION
EVALUATION

David Zombre', Valery Ridde?, Manuela De Allegri3, Kate Zinszer'

"University of Montreal School of Public Health, Montreal, QC, Canada,
2IRD-France, Paris, France, *Public Health Institute, University of Heidelberg,
Heidelberg, Germany

Stunting remains an important public health problem in Burkina and
improving financial accessibility can help improve child nutritional status.
The objectives of this study were to examine whether living in communities
that were exposed to user fees removal combined with healthcare

quality improvement and malnutrition management of malnutrition was
associated with improved height-for-age z-score and decreased likelihood
of stunting and severe stunting among children under five, four years after
the interventions’ implementation. We carried out an evaluative theory-
driven, post-test-only design that included a control group and relied on a
representative cross-sectional household survey conducted four years after
the intervention onset in 41 communities from intervention district and

51 communities in comparison district. When comparing children living in
the intervention district to children living in the non-intervention district,
we determined no differences in terms of stunting [OR=1.13; 95% Cl=
0.83 —1.54] nor in severe stunting [OR=0.99; 95% Cl =0.76-1.26), nor

in height of age z-score [(HAZ =-0.03; 95% Cl: (-0.21-0.16)]. Our study
demonstrated that most of the variance in stunting occurs at the individual
level (variance =90.64% [95% Cl= (86,62 %-93,55%]. We also found that
only 2% of the community-level variance of stunting was explained by the
intervention in communities. In conclusion, this study provides important
information to policymakers on the limits of targeting financial barriers

at the community-level in addressing nutritional status at the individual
level. In order to achieve better results in improving nutritional status, a
population intervention should be designed with individual interventions
specifically targeting the proximal determinants of malnutrition, as over
91% of the variance in nutritional status occurs at the individual level.

ACHIEVING REGULATORY COMPLIANCE AT RESEARCH-
NAIVE MALARIA CLINICAL TRIAL SITES

Elizabeth Allen’, Jaishree Raman?, Aaron Mabuza’, Lesley
Workman', Cordelia Leisegang', Hendrik Swanepoel?, Lucille
Blumberg?, John Frean?, Frans Mbokazi4, Karen Barnes'

"University of Cape Town, Cape Town, South Africa, ?National Institute
for Communicable Diseases, Pretoria, South Africa, University of Pretoria,
Pretoria, South Africa, “Mpumalanga Malaria Elimination Programme,
Nelspruit, South Africa

Malaria trials may be conducted in facilities with no previous research
experience, serving poor, mobile communities. This was the context

for a South African trial assessing the addition of low-dose primaquine

to routine ACT malaria treatment. The World Health Organization has
recommended this intervention to reduce malaria transmission in low
transmission areas, without any G6PD testing. While available data suggest
primaquine will not cause haemolysis in G6PD-deficient individuals,

some have raised safety concerns. To provide local data to inform its
potential licensing in South Africa, PRIMO1 investigated the efficacy and
safety of adding low-dose primaquine to artemether-lumefantrine for
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symptomatic uncomplicated Plasmodium falciparum malaria. The trial was
conducted within a quality management framework deemed suitable by
pharmaceutical sponsors for higher risk trials, but designed as also relevant
for lower risk field studies. This comprised over 30 standard operating
procedures, a laboratory manual, role-specific training, job descriptions,
and risk-based monitoring. Trial sites were selected in collaboration with
the provincial Malaria Elimination Programmes and assistants employed

to support clinic nurses who volunteered to help with the study. Staff

at selected sites were overwhelmingly enthusiastic and dedicated to the
success of this trial, however it was challenging to provide them with the
required oversight due to their research-naivety, geographical location,
limited staffing and infrastructure, and busy clinic schedules. More time
than anticipated was needed for training in order to comply with Good
Clinical Practice requirements, senior trial personnel had to be on-site
much of the time, and ultimately only 2 sites could be supported. While
this extended timelines, the quality management system and hard work

of all involved resulted in a successful routine regulatory inspection.
Though more burdensome than planned due to the context in which it
must be conducted, this trial was at the required standard for unregistered
medicines and has built capacity for further such trials in South Africa.

LYMPHATIC FILARIASIS: COMPASSION AND THE
ALLEVIATION OF SUFFERING AS A PUBLIC HEALTH PROBLEM

Marie Collins Donahue’, Marie Martha D. Desir?

"University of Notre Dame, Notre Dame, IN, United States, Hopital Sainte
Croix, Léogane, Haiti

The Global Plan to Eliminate Lymphatic Filariasis (GPELF) was conceived
as having two pillars: one to interrupt transmission of the parasites that
cause LF, and the other to alleviate the suffering of those with clinically
significant manifestations of the disease, predominantly lymphedema,
elephantiasis, and hydrocele. An estimated 40 million people worldwide
suffer from these conditions, making LF the second leading cause of
disability in the world. The World Health Organization requires that the
Morbidity Management and Disability Prevention (MMDP) pillar must
include a minimum package of care, including: 1) individual treatment
to destroy any remaining adult parasites and microfilaria; 2) treatment
for episodes of adenolymphangitis (ADL); 3) lymphedema management
to prevent progression of disease and episodes of ADL; and 4) surgical
management of hydrocele. For over two decades, the Notre Dame Haiti
Program has supported the LF Clinic and Reference Center at Hopital
Sainte Croix in Léogane, Haiti, currently the only site in the country

that provides LF care. This clinic provides the minimum package of

care described above; surgical management of hydroceles; as well as
enhanced services. The latter include compression in the management of
lymphedema, and a comprehensive Mental Health Initiative (MHI), whose
aim is to reduce the social isolation and stigmatization of LF patients.
Our MHI provides individual counseling, community peer support groups,
a home visiting program, and a vocational training center to enable
patients to better support their families financially. We will describe our
comprehensive model of care, including both successes and challenges.

EDUCATION, MENSTRUAL HYGIENE, AND FEMALE GENITAL
MUTILATION: GENDER DISPARITY AMONG MAASAI YOUTH
IN RURAL KENYA

Kristen Zozulin', Josephine L. Ndirias?, David R. Hill’

'Frank H Netter MD School of Medicine at Quinnipiac University, North
Haven, CT, United States, “Mukogodo Girls Empowerment Program,
Nanyuki, Kenya

Girls" and women’s empowerment has taken on increasing significance
in the realms of politics and public health. With wider resources and
funding available for interventions devoted to the welfare of girls and
women, community-specific data are a crucial piece of the puzzle for
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implementation of sustainable programs. In Kenya, the Maasai are a
minority ethnic group that suffer disproportionate rates of illiteracy,
female genital mutilation (FGM), HIV, and other indicators of poor health.
The aim of this project is to investigate the knowledge, practices, and
attitudes of students in Chumvi, Laikipia County, a predominantly Maasai
community, with specific emphasis on gender equity. 125 female and

101 male students ages 10-19 years from Chumvi Primary and Secondary
schools were surveyed on FGM, HIV, safe sex practices, attitudes towards
gender, and menstrual hygiene. Male-to-female student ratios and

grade averages from the secondary school were also compared. 28% of
female respondents reported missing class due to menstruation. Overall,
35% of female respondents reported they had experienced FGM, which
increased to approximately 60% by the age of 17. However, this figure
may underestimate the prevalence of FGM in the community, as girls may
have felt ashamed to respond honestly. 18% of female students agreed
with the statement: ‘Girls should not go to secondary school because they
should be getting married,” compared to 5% of male students. Female
students were more likely to be unsure of the benefits of using condoms
to prevent STIs and pregnancy than the males. Within Chumvi secondary
school, there was no difference in the numbers of male versus female
students or in their grade distributions, suggesting a lack of gender bias
in the Chumvi educational system. Despite the challenges presented by
language barriers and issues of self-reporting, these results help inform the
efforts of organizations and community leaders to address the disparity
between the male and female youth in Chumvi.

KNOWLEDGE , ATTITUDES, AND PRACTICES OF PEDIATRIC
PAIN MANAGEMENT BY NURSES AT A CHILDREN’'S HOSPITAL
IN LUSAKA, ZAMBIA

Eric Chisupa, Miriam Simbota, Elizabeth Glaser
Kamuzu College of Nursing-University of Malawi, Blantyre, Malawi

Pediatric pain management is a frequently neglected area of child health,
particularly in lower resource settings where nurses are the most likely
clinicians to monitor, evaluate and treat pain. The general objective of

our study was to assess the nurses’ knowledge, attitude, and practices
towards pain and pain management in children at Lusaka Children’s
Hospital, Lusaka, Zambia. We used a cross sectional sequential mixed
methods study design to first survey a convenience sample of 40 nursing
staff via the City of Hope Knowledge and Attitudes Survey Regarding Pain,
followed up by three focus groups discussions, centred on pain and pain
management. We used STATA 15 to analyze the survey for associations
using correlations and two-sided Fisher's exact tests, and analyzed the
qualitative data using content analysis. Overall the nurses’ scored poorly,
with a median score on the 43 item survey of 40.7%, (mean 41.5%,

95% Cl 38.4%-44.6%). Neither self rated knowledge nor years of
experience had any significant association with score, while higher nursing
grade was positively and significantly correlated with higher scores (Corr
0.5192, P>0.001) and similarly a higher level of education was positively
and significantly associated with a higher score (P= 0.038; Corr 0.3645,
P>0.001). In the focus groups, nurses made negative statements about
self reported pain, attributing patient and parent reports as attention
seeking behaviors, yet at the same time the nurses expressed a positive
desire to have training on pediatric pain management augmented by clear
hospital policies and protocols. The overall findings suggest that nurses

at a pediatric specialty hospital in subSaharan Africa were lacking across
multiple areas for providing appropriate pain management. Ministries of
Health should emphasize guidelines on pediatric pain management in pre-
service curriculum and in-service trainings, and explore forming hospital
pediatric pain management teams to address immediate patient needs
while also educating and mentoring staff.
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DO BED BUGS REPRESENT A RISK TO CHAGAS DISEASE-
ENDEMIC AREAS IN LATIN AMERICA?

Renzo S. Salazar Sanchez', Ricardo Castillo Neyra?, Melina
Vargas Maquera', Claudia Chipana Ramos', Carlos Condori Pino’,
Katty Borrini Mayori', Michael Z. Levy?

'Universidad Peruana Cayetano Heredia, Arequipa, Peru, *University of
Pennsylvania, Philadelphia, PA, United States

Arequipa is a southern Peru city with an urban infestation by Triatoma
infestans, a triatomine insect vector of Chagas Disease. Over the past ten
years, The Ministry of Health has held a vector control campaign. With less
than 10% of the city remaining to treat, the control strategy is close to
completion. However, in 2011 we recorded, for the first time, the presence
of the common bed bug, Cimex lectularius in the city, and since then, the
reports of infested houses by C. lectularius have been increasing each year.
We are focused on determining the risk of transmission of Trypanosoma
cruzi, the etiological agent of Chagas disease by C. lectularius in Chagas
disease-endemic areas. We confirmed, under laboratory conditions, the
vectorial competence of C. lectularius, to first acquire T. cruzi infection
when fed on T. cruzi-carrying mice and subsequently to transmit the
parasite to uninfected mice. We additionally showed that infection by

T. cruzi does not affect the survival of bed bugs, another component of
vectorial capacity. Additionally, we studied the survival rate of C. lectularius
adults exposed to pyrethroid insecticide (deltamethrin), as well as the
effect of insecticide on reproduction from colonies collected in different
locations on the city and reared under laboratory conditions. We show
that 10 days after exposition to insecticide, 42% (10 of 24) of colonies,
present survival rates over 75 %, and that insecticide does not affect egg
production of exposed females and later eggs hatching (p = 0.88). We
discuss these outcomes in terms of the impact of bed bug infestation on
Chagas disease control strategies in Chagas disease-endemic areas.

A COMPARISON OF HOUSE EAVE ASPIRATION TO
MOSQUITO SWARM SWEEP NET SURVEY AS MALE
MOSQUITO COLLECTION METHODS

Krystal Lorna Mwesiga’, Paul D. Mabuka’, Victor Balyesima’,
Matilda C. Collins?, Jonathan Kayondo'

'Uganda Virus Research Institute, Entebbe, Uganda, ?Imperial College
London, London, United Kingdom

Sample collections are essential to the study of disease vectors, and many
methods have been developed for this. Most traditional malaria vector
sampling techniques such as Human Landing Catches, indoor Pyrethroid
Spray Catches and C0,-baited traps bias collections towards female
mosquitoes. Balanced vector sampling of both males and females is
necessary for a more comprehensive understanding of vector dynamics.
In some areas, swarm sampling (SWN), is considered the most efficient
method for the collection of male mosquitoes. This method, however,
requires labour, training and remuneration of part-time technicians as
collectors. SWN catches are also influenced by local mosquito mating
behaviour, environment and other co-occurring insect swarms. From
previous field-tests of a range of techniques, the aspiration of house
eaves (ASP-EAV) was identified as a promising male mosquito collection
method for use at our field sites. During 2017, to assess whether ASP-
EAV could be a viable supplementary or replacement method for SWM,
we collected mosquitoes using both methods at three village sites located
in the Mukono and Kayunga districts of Uganda. Three collections were
made per season (wet and dry) in each village during which all identified
swarms were collected using sweep nets and ten household eaves were
aspirated using battery powered aspirators over a period of two days.1904
male mosquitoes were collected, of these, 1011 were collected by SWN
and 893 by ASP-EAV. These data were analysed for seasonal variation in
catch by method and comparisons were also made of the seasonal yield
per man hour for each method. We found that ASP-EAV compared well to

SWN in both seasons. While SWN caught more mosquitoes, the yield per
man hour was lower than with ASP-EAV. The lower number of collectors
required for ASP-EAV also reduced chances of sampler error affecting
catches. We consider that ASP-EAV is a viable male mosquito collection
method at our study sites and could also be an effective substitute for
SWN in longitudinal vector abundance studies.

A SYNERGISTIC BIOASSAY EVALUATION OF POTENTIAL
RESISTANT MECHANISMS OF ANOPHELES GAMBIAE TO
IVERMECTIN

Patricia Nicolas', Martin Gorry?, Martha Muturiz, Marta F Maia?,
Carlos Chaccour’

'ISGlobal, Barcelona, Spain, 2KEMRI Wellcome Trust Programme, Kilifi,
Kenya, *Swiss Tropical and Public Health Institute, Basel, Switzerland

Despite remarkable success obtained with current malaria vector control
strategies in the last 15 years, additional innovative measures will be
needed to achieve the ambitious goals set for 2030 by the World Health
Organization. New tools will need to assess insecticide resistance and
residual transmission as key challenges. Endectocides such as ivermectin
are drugs that kill mosquitoes which feed on treated subjects. Mass
administration of ivermectin can effectively target outdoor and early biting
vectors, complementing the still effective conventional tools. Although
this potential approach has gained important attention, it is not free from
potential development of resistance to ivermectin itself. The main aim

of this work was to evaluate the potential role of xenobiotic pumps and
cytochromes on ivermectin-induced mosquito mortality. We conducted an
insectary-based randomized synergistic bioassay using membrane feeding
to expose an Anopheles gambiae s.s to ivermectin with or without a
battery of molecules affecting either the CYP3A4 or the P-glychoprotein.
Seven drugs (or drug combinations) have been tested to assess the

effect that the inhibition or induction of the said molecules can have on
the ivermectin-caused mosquito mortality. In first place, dose-finding
experiments were carried out to determine the 10-day LC , of ivermectin.
This was followed by synergistic bioassays combining ivermectin with
different concentrations of the additional drugs. The main outcome

was 10 day mosquito mortality determined by daily manual accounts.
Survival analysis was done by Log-Rank test and Cox's regression. A dose-
dependent synergism was found between ivermectin and CYP inhibitors
like Voriconazole and Ritonavir. P-glychoprotein inducers did not show
significant synergism. Other molecules like Cobicistat provided dose-
dependent antagonism. Our data indicates that metabolic resistance to
ivermectin could occur in the field.

GEO-STATISTICAL ANALYSIS OF CONTINUAL
ONCHOCERCIASIS TRANSMISSION IN AND AROUND AREAS
RECEIVING BI-ANNUAL IVERMECTIN TREATMENT REGIMENS

Francis B. Veriegh', Maria-Gloria Basafiez?, Philip K. Baidoo?,
Adelaide Agyeman?, Kingsley Badu?, Michael D. Wilson®, Daniel
A. Boakye®, Robert A. Cheke®, Mark Taylor’, Mike Y. Osei-
Atweneboana'

'Council for Scientific and Industrial Research, Water Research Institute,
Accra, Ghana, ?Department of Infectious Disease Epidemiology, Imperial
College, London, United Kingdom, *Department of Theoretical and
Applied Biology, Kwame Nkrumah University of Science and Technology,
Kumasi, Ghana, “Council for Scientific and Industrial Research, Science and
Technology Policy Research Institute, Accra, Ghana, *Noguchi Memorial
Institute for Medical Research, University of Ghana, Accra, Ghana, ®Natural
Resources Institute, University of Greenwich, Kent, United Kingdom,
’Department of Parasitology, Liverpool School of Tropical Medicine,
Liverpool, United Kingdom

Ghana has scaled-up efforts aimed at eliminating human onchocerciasis,
based solely on ivermectin chemotherapy, by 2025, a year set by the
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London Declaration on Neglected Tropical Diseases (NTDs) and the World
Health Organization Roadmap for NTDs. Thus, bi-annual ivermectin mass
distribution was implemented, particularly in savannah villages showing
sub-optimal responses to treatment by 2010, replacing the long-lived
strategy of annual rounds of ivermectin treatment. We used entomological
techniques and GIS-based geo-statistical tools to assess the impact of
semi-annual ivermectin treatments on the number of Simulium damnosum
s.I. flies harbouring third-stage infective larvae (L3) per 1000 parous flies
from 17 selected onchocerciasis endemic communities along the middle
savannah belt of Ghana which have been receiving bi-annual rounds

of ivermectin treatment. Adult female S. damnosum s.I. were collected
from the 17 communities, using human landing catches and analysed

for Onchocerca volvulus infectivity and parity rates using manual fly
dissection. A spatial geo-statistical analysis was performed with a GIS tool
by interpolating vector infectivity rates using the inverse distance weighted
(IDW) method. Raster maps were categorized into two according to start
of ivermectin bi-annual treatment in 2010 and a six-year interval so as to
obtain suitable maps for algebraic operations. In 2010 there was active
transmission of O. volvulus in 11 of the 17 communities with vector
infectivity rates far in excess of APOC's recommended threshold of 1 L3
per 1000 parous flies. However, after six years of bi-annual ivermectin
distribution, 12 out of the 17 communities had zero vector infectivity rates
with the other 5 communities having varying levels of vector infectivity
rates, all above APOC's stipulated threshold. This geo-statistical approach
is useful for delineating areas at risk of transmission despite intense
chemotherapeutic interventions and is useful for decision-making in
support of onchocerciasis control and epidemiology.

MOSQUITO ELECTROCUTING TRAP: A SAFE ALTERNATIVE
TRAPPING APPROACH TO MEASURE HUMAN EXPOSURE

TO VECTORS COMPARE TO HUMAN LANDING CATCH IN

SOUTHWESTERN BURKINA FASO

Antoine Sanou’, Moussa W. Guelbeogo’, Luca Nelli?, Hyacinth
K. Toe', Jason Matthiopoulos’, N'fale Sagnon’, Hilary Ranson?,
Heather M. Ferguson?

"Centre National de Recherche et de Formation sur le Paludisme (CNRFP),
Ouagadougou, Burkina Faso, ?Institute of biodiversity and evolutionary
biology, University of Glasgow, Glasgow, United Kingdom, *Liverpool
School of Tropical Medicine, Liverpool, United Kingdom

Measuring human exposure to mosquito bites is a crucial component

of surveillance for vector-borne diseases including malaria. For malaria
vectors, the Human Landing Catch (HLC) remains the gold standard
approach for direct estimation of this exposure. However, this method is
risky as participants risk exposure to potentially-infected mosquito bites.
Recently, a safer “Mosquito Electrocuting Trap” (MET) was developed to
provide an exposure-free alternative to the HLC for measuring the human
biting rate indoors and outdoors. Early prototypes of the MET performed
well relative to the HLC in Tanzania, but it has yet to be tested in west
Africa. Here we evaluated the performance of the MET relative to the
HLC for characterizing mosquito vector population dynamics and biting
behaviour in Burkina Faso. A longitudinal study was initiated in October
2016 within 12 villages in Burkina Faso where insecticide resistance

levels are high. Host seeking mosquitoes were sampled monthly in each
village over 18 months using the HLC and MET respectively. On each
night of sampling, collections were made at 4 households, with METs
being deployed inside and outside at 2 houses, and the HLC inside and
outside at another two. The following night, trapping methods were
switched between houses. Malaria vector abundance, species composition,
sporozoite rate and location of biting (indoor vs outdoor) was recorded.
A total of 34783 were female mosquitoes were collected in 251 days, in
which Anopheles gambiae s.|. represented ~84%. The ratio of mosquitoes
caught by the MET relative to the HLC was ~47 % but varied between
indoor (40.56% indoors) and outdoor settings (53.28% outdoors).

The distribution of malaria vector species in MET and HLC collections
was relatively similar (An gambiae: HLC: 40%; MET: 45%, An coluzzii:
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HLC: 60%, MET: 56%), as was their malaria infection rate (MET=5%,
HLC=6%). The MET collected proportionately fewer mosquitoes than the
HLC but remains safer both methods remained similar in predicting species
composition and mosquito infection rate.

DETECTION OF HUMAN BLOOD IN PERIDOMESTIC AND
DOMESTIC KISSING BUGS (TRIATOMA SPP.) UTILIZING A
RAPID FORENSIC TEST

Norman L. Beatty', Nicole Behrens-Bradley?, Maria Love?, Finn
McCants?, Shannon Smith?, Justin O. Schmidt*, Sarah A. Hamers,
Patricia L. Dorn?, Nafees Ahmad?, Stephen A. Klotz'

"University of Arizona College of Medicine, Department of Medicine,
Division of Infectious Diseases, Tucson, AZ, United States, 2University of
Arizona College of Medicine, Department of Inmunobiology, Tucson, AZ,
United States, 3Loyola University New Orleans, Department of Biological
Sciences, New Orleans, LA, United States, “Southwestern Biological
Institute, Tucson, AZ, United States, *Texas A&M University, Veterinary
Medicine and Biomedical Sciences, College Station, TX, United States

DNA- and proteomics-based techniques have been used to identify

the vertebrate hosts upon which triatomines have previously fed.

These procedures are time consuming, require access to a laboratory

with sophisticated equipment, and trained personnel. The Rapid

Stain Identification of Human Blood (RSID-Blood) is a lateral flow,
immunochromatographic assay, used to detect as little as 1L of

human blood in forensic samples within 10 minutes after 1-2 hours of
specimen preparation. To determine whether the RSID-Blood could be
used to identify human blood within triatomines we conducted several
experiments following the manufacturer’s extraction protocol. All five
laboratory-raised Triatoma rubida (100%) which fed on human blood
through an artificial membrane feeding apparatus tested positive at

12 hours, 3, 5,7, and 14 days post-feeding. Laboratory-raised T. rubida
having only fed on laboratory mouse (Mus musculus) blood within a 2-8
week period all tested negative (15/15) at various stages of engorgement.
Peridomestic and domestic triatomines (T. rubida, T. protracta, T. recurva,
T. sanquisuga, T. gerstaeckeri, T. lecticularia) collected across four states
(Arizona, Texas, Louisiana, California) with visible blood meals during
hindgut dissection were tested: 9/20 (45%) Arizona specimens, 4/7 (57 %)
Louisiana specimens, 9/21 (42 %) Texas specimens, and the one California
specimen were positive; with 23/49 (47 %) of the total positive for human
blood. Fecal drops (FDs) were also tested using RSID-Blood. Eight different
laboratory-raised T. rubida having only fed on laboratory mouse blood
provided eight FDs which all tested negative. Three triatomines that tested
positive from our field collection, two of which were known to have fed
on a human, provided three different FDs, all tested positive. In addition,
laboratory-raised T. rubida that fed on human blood, provided two FDs,
which were positive. Our results show that the RSID-Blood can detect
human blood in triatomines and their fecal drops. This rapid test may have
implications in triatomine fieldwork and other hematophagous vectors
such as mosquitos, ticks, and biting flies.

INTERACTION OF RICKETTSIA FELIS AND WOLBACHIA
ENDOSYMBIONTS IN CAT FLEAS, CTENOCEPHALIDES FELIS

Krit Jirakanwisal, Supanee Hirunkanokpun, Natthida Tongluan,
Kevin R. Macaluso

Louisiana State University, Baton Rouge, LA, United States

Cat fleas (Ctenocephalides felis) have been identified as a biological
vector and reservoir of Rickettsia felis. Wolbachia spp. are bacterial
endosymbionts that are estimated to infect more than 60% of insect
species, including cat fleas. The interaction of vertically transmitted
endosymbionts within arthropods may influence the dissemination of
pathogenic bacteria. However, the interaction between R. felis and
Wolbachia spp. in cat fleas has not been examined. Thus, we hypothesize
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that if Wolbachia endosymbionts compete with pathogens for stable
vertical transmission events in the vector, then the presence of Wolbachia
will influence vertical transmission of R. felis in cat fleas. In order to
assess this interaction, fleas were separated and treated with different
concentrations of tetracycline to remove Wolbachia from fleas. After
treatments, fleas were allowed to mate and divided in to two groups.
One group was exposed to R. felis, another group serving as a R. felis-
uninfected control for 24 hours. Eggs were collected and allowed to
develop to adults, and then the newly emerged adults were assessed
for vertical transmission of R. felis by quantitative real-time PCR based
on R. felis outer membrane protein B gene (ompB). Results show that
the optimal concentrations of tetracycline were 1.0-2.0 mg/ml. Vertical
transmission of R. felis and Wolbachia endosymbionts infected fleas was
demonstrated and implied a possible influence of Wolbachia on the
vertical transmission of this emerging rickettsial pathogen.

PHLEBOTOMUS PAPATASI SALIVARY GLAND GENE
DIVERSITY IN DISTINCT ECOTOPES OF EGYPT AND JORDAN

Catherine M. Flanley’, Marcelo Ramalho-Ortigao?, lliano V.
Coutinho-Abreu3, Rami Mukbel?, Hanafi A. Hanafi4, Shabaan S. El-
Hossary®, Emad EI-Din Y. Fawaz®, David F. Hoel?, Gwen Stayback’,
Douglas A. Shoue', Shaden Kamhawi?, David W. Severson', Akio
Mori', Mary Ann McDowell®

"University of Notre Dame, Notre Dame, IN, United States, 2Uniformed
Services University of the Health Sciences, Bethesda, MD, United States,
’NIAID-National Institutes of Health, Rockville, MID, United States, “Jordan
University of Science and Technology, Irbid, Jordan, °U.S. Naval Medical
Research Unit No. 3, Cairo, Egypt

Phlebotomus papatasi sand flies inject a host of pharmacological

salivary proteins to assist with blood feeding and modulate host
defenses. These salivary proteins have been studied for their role in
cutaneous leishmaniasis disease outcome with different salivary proteins
attenuating or exacerbating lesion size. Studies have shown that while
co-administered sand fly saliva exacerbates Leishmania major infections in
naive mice, animals pre-exposed to saliva are protected, with the infection
attenuated via a delayed-type hypersensitivity immune reaction. The
immunogenicity of salivary components results in a hostile environment
making it difficult for L. major to successfully establish an infection in pre-
exposed individuals. These studies highlight the potential of the salivary
components to be used as a vaccine. One protein in particular, P papatasi
salivary protein 15 (PpSP15) has been intensively studied due to its ability
to protect mice against L. major challenge. The number of antigenic
molecules included in vaccines is restricted thus emphasizing the role

of population genetics to identify molecules, like PpSP15, that are not
experiencing positive selection pressure. Functionally significant proteins
conserved across populations and under purifying selection demonstrate
great promise as a vaccine component. Three distinct ecotope study sites
in Egypt (Aswan) and Jordan (Swaimeh and Malka) were chosen based
on their elevation, rainfall, vegetation, differing reservoir species, and the
presence or absence of L. major. The objective of this work was to analyze
the intra- and inter-population diversity of nine of the most abundantly
expressed salivary proteins including SP12, SP14, SP28, SP29, SP30, SP32,
SP36, SP42, and SP44 and to predict their ability to elicit an immune
response.

GENETIC VARIABILITY OF TWO SPECIES OF TRIATOMA FROM
COASTAL JALISCO, MEXICO

Andrew S. Wilson', Caitlyn Moynihan', Uyen Nguyen', Daniel
Beck', Victor Sanchez-Cordero?, Gabrielle Stryker!

'Central Washington University, Ellensburg, WA, United States, ?Instituto
de Biologia, UNAM, Ciudad Universitaria, Mexico

The subfamily Triatominae contains hematophagous insects that serve

as vectors for Trypanosoma cruzi, a single-celled parasite that infects
mammals, including humans. Chagas disease, caused by infection with
T. cruzi, is the most serious of the parasitic diseases in Latin America

and is considered a neglected tropical disease. Triatominae display a

high degree of morphological plasticity without clear genetic support.
There are also clear cases where genetic variation is seen without distinct
morphological traits. We collected a large sample of Triatoma spp. from
Estacion de Biologia, Chamela, in coastal Jalisco, Mexico and examined the
within-species genetic variability. Two species of Triatoma were collected,
61 Triatoma bolivari and 34 Triatoma longipennis. The specimens were
sequenced for two non-conserved regions of DNA (internal transcribed
spacer (ITS-1) and ITS-2) to examine the within-population genetic
variability. T longipennis is reported to have high genetic variation across
Mexico, however within-population studies have not been undertaken.
T. bolivari, a rare species of Triatoma only found in the dry tropical forest,
is thought to have low diversity due to relatively low morphological
differences between individuals. Though T. bolivari has previously been
reported to be a sylvatic species associated with birds, we have found
squirrel (Sciurus colliaei) to be the most common blood meal in wild-
caught specimens. T. bolivari is attracted to lighting and has been found
to have fed on human blood, suggesting a risk for domestication of

this species. As rural populations increase and natural disasters such as
hurricane Patricia cause population shifts, a better understanding of T.
bolivari will be important for establishing adequate vector control.

CHARACTERIZING THE VIROME OF RHIPICEPHALUS
MICROPLUS TICKS FROM COLOMBIA THROUGH RNA-SEQ
TECHNOLOGY

Giovan F. Gémez', Juan P. Isaza', Juan A. Segura’, Juan F. Alzate?,
Lina A. Gutiérrez'

'Grupo Biologia de Sistemas, Escuela de Ciencias de la Salud, Facultad

de Medicina, Universidad Pontificia Bolivariana, Medellin, Antioquia,
Colombia, °Grupo de Parasitologia, Departamento de Microbiologia y
Parasitologia, Facultad de Medicina, Centro Nacional de Secuenciacion
Gendmica -CNSG, Sede de Investigacion Universitaria - SIU, Universidad de
Antioquia, Medellin, Antioquia, Colombia

Ticks (Ixodida) are hematophagous ectoparasites which harbor and
transmit diverse virus species, some of which cause serious diseases with
worldwide veterinary and human health impact. Rhipicephalus microplus
is an important cattle tick species in Colombia, where it causes significant
economic losses and despite its importance, its viral profile haven’t been
studied so far. Considering that Next Generation Sequencing technologies
could provide a powerful means of studying viral diversity in ticks, RNA
sequencing (RNA-Seq) was used in this study as a surveillance method

for virus detection in R. microplus. Ticks were collected from Antioquia,

in northwestern Colombia and pooled according to the collection site

in 3 ticks per pool. RNA was isolated, libraries prepared and sequenced
on lllumina HiSeq 4000 (TruSeq Stranded mRNA -PolyA) and NovaSeq
6000 (rRNA-depleted RNA) sequencing platforms. Raw sequence reads
were filtered and trimmed according to their quality score (>Q30). The
clean sequence reads were assembled into contigs, which were compared
and annotated. Taxonomic assignation of these contigs was achieved

by successive searches using the BLASTX algorithm against a protein
reference database. Manual annotations were performed using Artemis.
The majority of viral contigs (n=30, 53%) were assigned to two putative
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viruses: Wuhan tick virus 2 and Lihan tick virus (>98% sequence similarity).
Both viruses were discovered in China during 2015 also in the R. microplus
ticks. In addition, 5 contigs were similar (84-92%) to the Jingmen tick
virus reported in China during 2014 in a R. microplus ticks pool, while

the close relative of other 4 contigs was the Mogiana tick virus, isolated

in 2011 from Brazil. This work will be continued with a more in-deep
characterization of contigs carrying putative viral sequences. To our
knowledge, this is the first report of the occurrence of these viruses in R.
microplus from Colombia. Our results shed new light on the virus diversity
of this tick species and provide the foundation for further studies into the
evolutionary history and pathogenic potential of these intriguing viruses.

VARIABLE EFFECTS OF MOSQUITO MIDGUT-EXPRESSED
MICRORNAS FOR THE RESTRICTION OF WEST NILE VIRAL
ORAL INFECTIVITY OF CULEX QUINQUEFASCIATUS

Payal D. Maharaj', Bethany G. Bolling?, Michael Anishchenko?,
Claudia Rueckert?, Gregory D. Ebel?, Aaron C. Brault'

'Centers for Disease Control and Prevention, Fort Collins, CO, United
States, ?Texas Department of State Health Services, Laboratory Services
Section, Arbovirus-Entomology Laboratory, Austin, TX, United States,
3Colorado State University, Fort Collins, CO, United States

The mosquito midgut epithelium serves as the initial site of infection of
arboviruses, yet little is known about specific cell populations that dictate
infection phenotypes of vectors. To identify mosquito cell biomarkers

and assess specific roles of cell populations for midgut infectivity with
West Nile virus (WNV), microRNA (miRNA) libraries were generated from
C6/36 mosquito cells and dissected Culex quinquefasciatus (Cxq) midguts,
respectively. Target sequences (three copies) for the twenty most highly
expressed Cxg midgut miRNAs were incorporated into the 3'UTR of a
WNV cDNA clone. Recombinant WNVs encoding these target sequences
(WNV-mIR) were generated and growth profiles compared to wildtype
WNV (wt-WNV) in target C6/36 and non-target Vero cells. In C6/36

cells, variable inhibition levels were observed with WNV-miRs, ranging
from complete to undetectable viral growth which largely correlated

with cellular miRNA expression levels. In contrast, WNV-mir growth

was indistinguishable from that of the wt-WNV in Vero cells, indicating
undetectable off-target miRNA insertional effects. In Cxq orally exposed
to WNV-miRs, target sequences for 17 of the top 20 midgut miRNAs
resulted in complete loss of Cxq infectivity. Surprisingly, Cxq infectivity
with the WNV-miR encoding the target sequence of the 6" highest
expressed miRNA, miR-276-3p (65%), was indistinguishable from wt-WNV.
The finding that miRNAs with lower expression levels could completely
block WNV-miR oral infectivity in Cxq indicates that miRNA expression is
unlikely to be uniform within the midgut and that select midgut cells with
defined miRNA expression profiles likely serve as critical sites for initial oral
infection with WNV.

CHARACTERIZATION OF WOLBACHIA INFECTIONS FROM
NATIVE AUSTRALIAN MOSQUITO VECTORS

Chen Wu', Jill Fernandes?, Greg Devine’, Leon Hugo'

'QIMR Berghofer Medical Research Institute, Brisbane, Australia,
2Queensland Alliance for Agriculture and Food Innovation, Brisbane,
Australia

Wolbachia are maternally transmitted intracellular bacteria that naturally
infect over 40% of all insect species. Wolbachia have become promising
biocontrol agents against mosquito-borne diseases due to their unique
effects on mosquito reproduction and immunity. However, the phenotypes
mediated by Wolbachia vary between strains and host-pathogen systems.
Discovery of novel Wolbachia strains is essential for broadening the
application of Wolbachia for mosquito control. In this study we identified
and characterized the anti-pathogen effects of natural Wolbachia
infections in Australian mosquitoes. We identified three previously
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uncharacterized Wolbachia strains, in addition to the recently reported
strain from Aedes notoscriptus, based on detection of WSP, 16s and FTSZ
genes. We established colonies of two local species, Ae. notoscriptus and
Culex sitiens, and discovered a unique pattern of infection rates fluctuating
between 15% and 60% in both colonies. Study on the maternal
transmission of Wolbachia in Cx. sitiens revealed high transmission rates
(99.3%) but low cytoplasmic incompatibility (9.9% mortality). We orally
inoculated Ae. notoscriptus and Cx. sitiens with the alphavirus Ross River
virus (RRV; 10%3"-648and 1041 -635 CCID, | per mosquito, respectively).
RRV infection rates varied between 17% - 85% for Ae. notoscriptus and
0% - 18% for Cx. sitiens with no significant differences between Wol*
and Wol- mosquitoes. However, mean virus load in Wol* Cx. sitiens was
1000x lower than in Wol mosquitoes (P = 0.0043), suggesting that
natural Wolbachia infection suppresses virus proliferation in that species.
We report on progress towards transinfecting cells (Aag2 and Aa20) and
mosquitoes (Ae. aegypti) with Wolbachia, including oral inoculation trials.
We observed substantial uptake of Wolbachia in the mosquito digestive
tract by fluorescence microscopy however the midgut currently remains a
barrier to dissemination. The behaviour of Wolbachia in new hosts can be
difficult to predict, therefore transinfection and further characterization is
required to determine if these strains can induce anti-pathogen effects.

SHARED MOSQUITOES, SHARED PROBLEM: VECTOR
SURVEILLANCE AS A TOOL FOR PUBLIC HEALTH DIPLOMACY

Rebecca Levine', Daniel Impoinvil', Asad Islam’, Joseph Frederic?,
Angel Solis3, Jean Frantz Lemoine?, Ronald Skewes Ramms3, Audrey
Lenhart’

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
?Programme National de Contréle de la Malaria, Port Au Prince, Haiti,
*Departamento de Prevencion y Control de Enfermedades Transmitidas por
Vectores y Zoonosis, Santo Domingo, Dominican Republic

The 2016 Zika virus outbreak highlighted the speed at which vector-
borne pathogens can spread across countries and regions. While many
affected countries shared common entomological risk factors, cross-
border communication on vector surveillance or control was uncommon.
To improve vector surveillance capabilities and enhance data sharing,
binational exercises in vector surveillance were conducted on the island
of Hispaniola. Beginning in March 2017, staff from the National Malaria
Control Program in Haiti and the National Center for the Control of
Tropical Diseases in the Dominican Republic received training in the

use of the Epi Info Vector Surveillance application, a novel mobile tool
for vector surveillance and automated data analysis. Teams from each
country piloted the app and held a binational meeting in July 2017

to discuss results. During this meeting, both countries noted the ease

of sharing and reporting data between countries using the app, and
decided to explore how cross-border data sharing could be formalized.
In November 2017, the programs met in the northern bordering towns
of Dajabén, Dominican Republic and Ouanaminthe, Haiti to conduct

a binational vector surveillance exercise. Five teams, each consisting of
both Haitian and Dominican field workers, spent one day working in
Ouanaminthe (47 households visited) and one day working in Dajabén
(49 households visited) collecting entomological data using the mobile
app. On the final day of the exercise, the collected data from both
countries were simultaneously displayed and discussed, with a focus on
the utility of collecting and analyzing the indicators in a standardized way.
At the conclusion of the exercise, directors from both programs agreed
to continue collecting and sharing their entomological data using this
platform. In addition to improving and standardizing vector surveillance
activities across Hispaniola, these exercises deepened the commitment for
binational collaboration in addressing priority public health threats and
strengthened the relationship between key stakeholders on both sides of
the border.
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EVOLUTION OF RHS PROTEINS IN BLOOD FEEDING
ARTHROPODS AND WOLBACHIA

Reagan C. Irby, Anagha Gopakumar, Lily Brooks, Aline R.
Bronzato, Jonas G. King

Mississippi State University, Mississippi State, MS, United States

Members of the RHS protein family have been found in the saliva of
mosquitoes and appear to be present in the genomes of several disparate
groups of arthropods. Recent studies from bacteria have highlighted the
likely function of RHS proteins as contact dependent growth inhibitors.
Therefore, we hypothesize that RHS proteins act to influence the insect
microbiome in certain insect tissues or act as immunomodulators of the
vertebrate skin during blood-feeding. This research focuses on the RHS
proteins of Aedes albopictus, Cimex lectularius, and Wolbachia. First

we conducted phylogenetic and codon-bias analyses of the genomics-
supported arthropod RHS proteins. We then determined the presence

of an rhs gene in the Cimex genome, but not in its obligate Wolbachia
symbiont, using long-PCR and tissue-specific gPCR analysis before and
after antibiotic treatment. Using comparative analyses, we then identified
the most logical target for functional studies, and RHS proteins are
currently being examined through in vitro expression and analysis of their
putative functional domains. Other ongoing studies are also investigating
changes in RHS expression in the absence of Wolbachia in antibiotic
treated Cimex lectularius, and we are working to silence RHS in Cimex
lectularius to explore its effect on the life history and response to infection
of Cimex lectularius.

METABARCODING, A NEW APPROACH FOR THE
COMPREHENSIVE STUDY OF TRYPANOSOMA CRUZI
TRANSMISSION CYCLES AND TRIATOMINE BEHAVIOR

Eric Dumonteil’, Maria-Jesus Ramirez-Sierra?, Silvia Pérez-Carrillo?,
Christian Teh-Poot?, Claudia Herrera', Sébastien Gourbiere3,
Etienne Waleckx?

"Tulane University, New Orleans, LA, United States, 2Universidad Auténoma
de Yucatan, Mérida, Mexico, *Université de Perpignan Via Domitia,
Perpignan, France

Chagas disease, caused by the parasite Trypanosoma cruzi, is mainly
transmitted to humans and other mammals by blood-sucking insects
called triatomines. Establishing transmission cycles is key to understand
the epidemiology of the disease, but integrative assessments of

ecological interactions shaping parasite transmission are still limited.
Current approaches also lack sensitivity to assess the full extent of this
ecological diversity. We developed a metabarcoding approach based on
next-generation sequencing to simultaneously identify triatomine gut
microbiome, vertebrate feeding hosts, triatomine and parasite genetic
diversity and their potential interactions. Using a sample of 15 Triatoma
dimidiata, the main vector in the South of Mexico and Central America,
we detected a dynamic microbiome, including 23 bacterial orders.
Fourteen vertebrate species served as blood sources. Importantly, bugs fed
on multiple hosts, with up to 11 hosts identified per bug, indicating very
frequent host-switching. A high clonal diversity of T. cruzi was detected,
with up to 20 haplotypes per bug. This analysis provided much greater
sensitivity to detect multiple blood meals and multiclonal infections with

T. cruzi, which should be taken into account to develop transmission
networks, and characterize the risk for human infection, eventually leading
to a better control of disease transmission.

EFFECTS OF ESSENTIAL OILS OF CHENOPODIUM
AMBROSIOIDES ON MALARIA AND ARBOVIRUSES
MOSQUITO VECTORS IN MUHEZA TANZANIA

Basiliana Emidi

National Institute for Medical Research, Tanzania, Dar es Salaam, United
Republic of Tanzania

Increase in insecticides resistance among mosquito population presents a
great challenge to chemicals that are used for mosquitoes control in sub-
Saharan African. Currently, there is no approved alternative insecticide

to pyrethroid which is used in impregnated bed nets. This study aimed

to determine effects of Chenopodium ambrosioides essential oils against
malaria and arboviruses mosquito vectors. Insecticide susceptibility
bioassays were performed according to the World Health Organization
guidelines on 2-5 days old human biting mosquitoes. Each of the four
species of mosquitoes were exposed to C. ambrosioides essential oils
(10%) and two classes of insecticides commonly used for malaria vector
control. Mosquito mortality rates (%) were determined after 24 hours
post insecticide exposure. All mosquito species tested were susceptible
to C. ambrosioides essential oils (10%). An. gambiae s.I. showed possible
resistance to Permethrin (0.75%) and Deltamethrin (0.05%) with 93%
and 92% mortality rates (%) 24 hours post exposure to insecticides.
With Lambdacyhalothrin (0.05%), An. gambiae s.I. was resistance with
mortality rate of 57%. An. funestus was susceptible to all insecticides
tested. Aedes aegypti formosus was susceptible to all insecticides tested
except DDT (4%). All insecticides tested were able to knock down 50%
of all mosquito species (KDT50) exposed within 1 hour. C. ambrosioides
essential oils (10%) took the shortest mean time to knock down 50%

of all mosquitoes tested. The mean time ranged from 11.4 to 13.1 min.
The mean time taken to knock down 95% of all mosquito species was
17.8 from C. ambrosioides essential oils (10%) in An. gambiae s.|. This
study has revealed that, C. ambrosioides essential oils have demonstrated
appreciably higher strong insecticidal effects on malaria and arboviruses
mosquito vectors. Further studies are needed to determine the long-lasting
insecticidal efficacy of essential oils extracts from C. ambrosioides for
development of novel methods of controlling mosquito vectors.

CYP6-Z4 (CYTOCHROME P450-6-24)-MEDIATED INSECTICIDE
RESISTANCE IN ANOPHELES STEPHENSI AGAINST
DELTAMETHRIN

Shobhna Mishra, Om Prakash Singh
National Institute of Malaria Research, New Delhi, India

Anopheles stephensi is one of the major primary malaria vector found

in Middle-East and South Asia region. In India, this is regarded as urban
malaria vector. Control of malaria vectors relies mainly on insecticide-
based vector control methods, which has become a challenging

and formidable task due to rapid development of resistance against
commonly used insecticides. Pyrethroid group of insecticides, which are
still effective in India against most of the vectors, are currently choice

of insecticides for the control of malaria vectors due to rapid killing
action, low mammalian toxicity and degradability in nature. Although
there is no report of pyrethroid-resistance in An. stephensi in India,

we attempted to understand molecular basis of resistance by raising
insecticide resistance in this mosquito in laboratory through selection
pressure against deltamethrin. We hereby report evidence of Cytochrome
PA50-6-24 (CYP6-Z4)-mediated pyrethroid-resistance in laboratory colony
of An. stephensi. Cytochrome P450 (CYPs)-Zs are important class of CYPs
enzymes known to play a major role in resistance against pyrethroid
group of insecticide, by metabolizing the insecticide at a higher rate

in mosquitoes. Several CYP6-Z family genes like CYP6-21, CYP6-Z2,
CYP6-Z3, CYP6-Z4 etc. are known to be overexpressed and responsible for
pyrethroid resistance in various other anophelines. To understand the role
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of CYP6-Z4 gene, cDNA was synthesized from total RNA of susceptible
and laboratory selected deltamethrin-resistant strain of An. stephensi
mosquito and a quantitative real-time PCR was performed by using

gene specific primers. Quantitative real-time data shows that the relative
amount of CYP6Z4 transcript was significantly higher in the deltamethrin-
resistant strain of An. stephensi as compared to the susceptible strain
which indicates possible role of this gene in pyrethroid resistance. Further
study to characterize this gene in deltamethrin resistant and susceptible
strain is under investigation. The study will help in understanding of
molecular basis of pyrethroid resistance, which will be helpful in integrated
vector management.

EVALUATING THE EFFECT OF IVERMECTIN B,, AND B,
COMPOUNDS AGAINST THE MALARIA VECTOR ANOPHELES
DIRUS

Narenrit Wamaket', Oranicha Khamprapa', Siriporn
Phasomkusolsil?, Silas Davidson?, Patchara Sriwichai', Phornpimon
Tipthara3, Markus Winterberg?, Joel Tarning?, Nicholas White?,
Jetsumon Sattabongkot’, Kevin Kobylinski2

"Mahidol University, Bangkok, Thailand, ?Armed Forces Research Institute
of Medical Sciences, Bangkok, Thailand, *Mahidol-Oxford Tropical
Medicine Research Unit, Bangkok, Thailand

lvermectin (IVM) is a broad-spectrum medication used to treat
onchocerciasis, lymphatic filariasis, strongyloidiasis and scabies. VM is
particularly potent against Anopheline mosquitoes, causing significant
mortality, delayed re-feeding, and reduced fertility when ingested through
a blood meal. IVM in vitro activity was assessed by spiking human blood
with various concentrations of parent compound (IVM-spiked), blood
feeding to Anopheles dirus and monitoring subsequent mortality to
determine the lethal concentration that kills 50% (LC, ) of mosquitoes.
IVM in vivo activity was assessed in a clinical trial wherein Thai volunteers
were treated with VM at 400 pg/kg (IVM-treated) and their venous

blood was membrane fed to An. dirus. The An. dirus 7-day-LC, of VM-
spiked blood was 56.90 [53.69 - 60.11] ng/ml, whereas I[VM-treated
blood had a 7-day-LC, of 2.80 [2.65 - 2.95] ng/ml. These results indicate
that metabolized IVM (IVM-treated) has a 20-fold greater lethal effect
compared to IVM parent compound (IVM spiked). This suggests that IVM
metabolized by humans may extend efficacy beyond that predicted from
IVM parent compound alone. In nature, IVM is a mixture of two homologs,
22, 23-dihydroavermectin B,, (IVM B, ) and 22, 23-dihydroavermectin B,
(IVM B, ) at a ratio of >90% and <10% respectively. Both IVM B,_and IVM
B,, are metabolized by similar pathways in the vertebrate. A recent study
in snails demonstrated that the minor IVM B, is the lethal component,
while the major IVM B, component had no lethal effect. Here we present
for the first time, the in vitro impact of IVM parent compound, IVM B, ,
and IVM B, on An. dirus survival. These results will be used to guide
discovery of which IVM metabolites possess mosquito-lethal effect.

INSECTICIDE SUSCEPTIBILITY PATTERN AND BIOCHEMICAL
ANALYSIS OF PHLEBOTOMUS ARGENTIPES, THE VECTOR OF
LEISHMANIASIS IN SRI LANKA

Dulani K. Pathirage’, Nadira D. Karunaweera', Parakrama S.
Karunaratne?

'Department of Parasitology, Faculty of Medicine, University of Colombo,
Colombo, Sri Lanka, ?Department of Zoology, Faculty of Science, University
of Peradeniya, Peradeniya, Sri Lanka

Phlebotomus argentipes is the known vector of Leishmania donovani, the
causative organism of leishmaniasis. A major challenge of an effective
vector control program is the development of insecticide resistance in

the vector. Galgamuwa in North-Central Province and Pannala in North-
Western Province of Sri Lanka were selected for sand fly collection.
Identification of P argentipes was confirmed using standard taxonomic
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keys. F1 progeny were exposed to different concentrations of DDT,
malathion, deltamethrin and propoxur and LD, was determined using
mortality curves. Results were validated with the control mortalities using
Abbott's formula. For biochemical analysis, esterase assay, glutathione
S-transferase assay, oxidase assay & protein assay were performed

with individually homogenized sand flies in 80pl of ice cold distilled
water. Another set of population were homogenized in 50ul of ice-cold
distilled water for acetylcholinesterase assay. The colony population was
susceptible to concentrations of >0.6% DDT and >0.7% Malathion,
>0.007% Deltamethrin & >0.015% Propoxur with no survivors after
24-hour recovery period. However, the insects were resistant to lower
concentrations than the ones mentioned above & all flies were alive after
24 hour post-exposure recovery period. LD, was determined as 0.6%,
0.7%, 0.007% and 0.016% for DDT, malathion, deltamethrin & propoxur
respectively. Most of the flies had protein activity <0.3umol min"" mg',
esterase activity <1.00 umol min"' mg™ and GST activity <0.4umol min™
mg™". All protein, esterase & GST activity were < 0.35 equivalent units of
monooxygenase amounts. Over half of this population had <30% residual
AChE activity in the presence of propoxur. However, 6.5% had >60%
residual activity. Hence, the majority of the population is said to be the
susceptible to the insecticides used in this study. Further research is being
conducted to ascertain the genetic mechanism behind the susceptibility
patterns of Sri Lankan Ph. argentipes to synthetic insecticides.

ASSOCIATION OF F1534L KNOCKDOWN RESISTANCE (KDR)
MUTATION WITH PYRETHROID RESISTANCE

Om Prakash Singh
National Institute of Malaria Research, Delhi, India

Aedes aegypti is a vector of several arboviral infections including dengue
and chikungunya. In absence of specific treatment or vaccine available to
control these arboviral infections, suppression of the vector population is
the only option to control these infections. One of the potential methods
for the control of this vector is the use of pyrethroid group of insecticides
for space spray as well as personal protection measures. Knockdown
resistance (kdr) is one of the mechanism of pyrethroid resistance occur
due to mutation in the voltage gated sodium channel (target site of
action), resulting in reduced sensitivity of target site to the insecticide. We
carried out survey on presence of kdr mutations in Ae. aegypti in three
metropolitan cities of India, i.e., Delhi, Bengaluru and Kolkata. Recently,
we discovered a new kdr mutation F1534L in Ae. aegypti co-occurring
with other kdr mutations S989P, V1016G and F1534C. The F1534L
mutation is being recorded for the first time in Ae. aegypti. Mutations
S989P and V1016G were in complete linkage disequilibrium and both
mutations were having negative linkage disequilibrium with F1534C or
F1534L. We established that the new mutation F1534L has significant
protection against permethrin and deltamethrin. In the wake of protection
conferred by this mutation on pyrethroid insecticides, it is of paramount
importance to screen other populations of Ae. aegypti for presence of new
mutation F1534L.

INSECTICIDE RESISTANCE MECHANISMS INFLUENCE
MOSQUITO LIFE HISTORY TRAITS AND BEHAVIOR

Katherine Gleave’, Bruno Gomes', Jonathan Thornton’, Lauren
Chappel?, Frank Mechan', Corrado Minetti’, Lisa Reimer!
'Liverpool School of Tropical Medicine, Liverpool, United Kingdom,
2University of Warwick, Warwick, United Kingdom

Insecticide resistance (IR) in disease vectors is at a crucial tipping point.
Resistant mosquitoes not only survive longer than their susceptible
counterparts, but the associated resistance mechanisms can lead to
significant alterations in key physiological functions. Do these changes
influence vector behaviour and disease transmission? Exposure to
different insecticides (REC-R to temephos, REC-M to malathion, REC-P to

astmh.org



42

permethrin), and resistance reversal (REC-U) were used to create multi-
resistant strains of Aedes aegypti from Recife, Brazil. Mosquitoes were
reared at two different larval densities to evaluate resource allocation
using energetic resources, longevity and fitness. To assess whether IR
mechanisms are associated with differing energy reserves, we measured
lipid and glycogen content and body size at different ages. The effects

of these mechanisms on further life traits were assessed using pupation
and eclosion rates, sex ratio and longevity, mating efficacy, fecundity and
egg viability. Generalised Linear Mixed Models were used to predict the
effects of IR mechanisms on the energetic resources of mosquitoes, using
the parameters day post-emergence, larval density and resistant strain.
Our model showed an interaction between strain*density and strain*days
with regards to lipid content, however no significant interactions where
shown for glycogen. Of the strains tested, REC-R (larval exposure to
temephos) contained significantly more lipids than all other strains at day
2 at both rearing densities, and significantly higher glycogen levels than
all other strains on both days at both densities. Longevity assays showed
REC-R females survived significantly longer than other strains. However,
there appeared to be a fitness trade-off with fecundity, with REC-R
exhibiting poor mating success, and poor fecundity in mated females.
Male mosquitoes pupated and emerged one to two days before females,
with REC-R adults emerging in greater initial numbers. Differences in sex
ratio where observed to be more pronounced when reared under crowded
conditions.

EFFECTS OF DIFFERENT INSECTICIDE PRESSURES IN GENE
EXPRESSION FOR TWO STRAINS OF AEDES AEGYPTI
(CAYMAN AND RECIFE-R)

Bruno Gomes’, Lauren Chappell?, Jonathan Thornton?, Katherine
Gleave?, Gareth Weedall?, Simon Wagstaff2, Lisa Reimer?

'Oswaldo Cruz Institute (IOC-FIOCRUZ), Rio de Janeiro, Brazil, Liverpool
School of Tropical Medicine, Liverpool, United Kingdom, 3Liverpool John
Moores University, Liverpool, United Kingdom

Insecticide resistance in Aedes mosquitoes is challenging vector control
measures for arboviruses. In Ae. aegypti, multiple insecticide resistance
mechanisms have emerged independently across the globe for different
insecticides. The effect of these resistance mechanisms on seemingly
unrelated traits (pleiotropy) such as fecundity, immunity, behaviour or
vector competence is poorly understood. Here, we perform a broad RNA-
seq analysis in two strains of Ae. aegypti to infer the gene expression
variation associated with different insecticide exposure or genotype within
each mosquito strain. We established two sets of mosquito colony lines
selected by different insecticide regimes across 10 generations. One set
was based on the Cayman strain which contains knockdown resistant
alleles (kdr) in the voltage gated sodium channel. A total of four new
lines with resistance ratios between 6.5 and 213 were established by a
combination of genotype and permethrin exposure. Whereas, the second
set was based on the Recife-R strain that present metabolic resistance
for temephos. In this strain, we establish two new lines exposed for

two adulticides (malathion: RR = 3.1; and permethrin: RR = 9.9) and a
third was unexposed for resistance reversal of temephos. Five biological
replicates of each colony line and baselines were sequenced by RNA-seq.
The characterization of molecular mechanisms of resistance indicates a
combination of high expression of CYP9s with kdr mutations for Cayman
resistant lines, while only one P450s (CYP6) was found upregulated for
Recife-R permethrin line. Moreover, genes associated with temephos
resistance (CYP6N12, CYPEM11, CYP6BB2) maintain a higher gene
expression for Recife-R malathion line and a significant reduction for the
Recife-R reversal line. Genes associated to pleiotropic effects are under
annotation that suggest an upregulation of immunity genes in the Recife-R
reversal lines. The differential expression associated with insecticide
resistance would be discussed with the support of complementary
insectary experiments.

CHEMICAL COMPOSITIONS AND LARVICIDAL ACTIVITY OF
ESSENTIAL OILS OF CURCUMA ZEDOARIA AGAINST THE
DELTAMETHRIN RESISTANT OF CULEX QUINQUEFASCIATUS

Nataya Sutthanont’, Siriluck Attrapadung?, Surang
Nuchprayoon?

'Inter-Department Program of Biomedical Sciences, Faculty of Graduate
School, and Lymphatic Filariasis and Tropical Medicine Research Unit,
Chulalongkorn Medical Research Center (Chula MRC), Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand, ?Department of Medical
Entomology, Faculty of Tropical Medicine, Mahidol University, Bangkok,
Thailand, *Department of Parasitology, and Lymphatic Filariasis and
Tropical Medicine Research Unit, Chulalongkorn Medlical Research Center
(Chula MRC), Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand

Culex quinquefasciatus is the important vector of several diseases to the
human, including St. Louis encephalitis and lymphatic filariasis. The current
way to eliminate the chain of transmission of the vector-borne diseases is
to control the vector by using synthetic insecticidal chemicals. However,
the continuous exposure of chemicals to the insect population has resulted
in the development of resistant strains and is harmful to the environment.
Therefore, the novel insecticide is required to reduce the number of
diseases carrying vectors. Herbal essential oils have many biological
properties with larvicidal effects and ecofriendly uses. Moreover, they have
shown potential as natural insecticides. This study aimed to determine the
chemical composition of essential oils extracted from Curcuma zedoaria
fresh (FZEO) and dried (DZEO) rhizomes on Cx. quinquefasciatus. The
larvicidal activity of FZEO and DZEO were tested against of the both
deltamethrin resistant and susceptible strains of Cx. quinquefasciatus
larvae. The chemical compositions of the oils were identified by GC-MS
analysis. The main constituents in both oils were sesquiterpenes and
monoterpenes. FZEO contained 37 compounds. AR-tumerone (23.66%),
zingiberene (14.74%), B-sesquiphellandrene (10.64%) and eucalyptol
(10.57%) were the major components. In contrast, DZEO contained 35
molecules. B-tumerone (16.69%), AR-tumerone (15.55%), eucalyptol
(11.57%) and zingiberene (10.12%) were the major components. After
24h of exposition, both deltamethrin resistant and susceptible strains
were responsive to the essential oils. FZEO showed a higher larvicidal
efficacy against both strains compared to DZEO, in which the LC, for
resistant (LC, = 36.19 ppm) and susceptible (LC,, = 33.19 ppm) strains
are slightly higher than the DZEO, LC, values of 37.30 and 36.32

ppm for both strains, respectively. The larvicidal efficacy of C. zedoaria
essential oil to eliminate the insecticide resistant or susceptible strains of
Cx. quinquefasciatus presents a promising new mosquito larvicide. The
potential of C. zedoaria essential oil is undergoing to use as a natural
larvicide.

INSECTICIDE RESISTANCE STATUS OF AEDES MOSQUITOES
IN GHANA

Christopher M. Owusu-Asenso, Yaw A. Afrane, Julius A. Mingle
University of Ghana, Accra, Ghana

This study investigated the insecticide resistance status of Aedes
mosquitoes in Ghana. To determine phenotypic resistance status of Aedes
mosquitoes, Aedes larvae were collected from five study sites (Accra,
Tema, Ada-Foah, Tamale, and Damongo). These were raised to adults

in the insectary and 2-5 days old adults were used to undertake WHO
susceptibility bioassay. The test results showed that Aedes mosquito
populations from all study sites were resistant to DDT (6.3 - 84%).
Vectors showed resistance to deltamethrin in Tema (68%) and Tamale
(85%) and suspected resistance in Accra (91.3%), Ada-Foah (93.5%)
and Damongo (93%). Vectors showed resistance to permethrin in Accra
(40.0%) and suspected resistance in Tamale (96.3%). Aedes mosquitoes
showed suspected resistance to bendiocarb in Tema (95.0%) alone.
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Aedes mosquitoes were susceptible to organophosphates in all sites.
Morphological identification of the adult mosquitoes sampled in the
sentinel sites showed that Ae. aegypti (93.7%) were the abundant

species present in the sites, followed by Ae. africanus (6.0%) and Ae.
luteocephalus (0.3%). The development of resistance by Aedes mosquitoes
to pyrethroids is likely to have an operational impact on the efficacy of
insecticide based vector control interventions.

OPTIMIZATION OF MASS-REARING METHODS FOR
ANOPHELES ARABIENSIS FOR STERILE INSECT TECHNIQUE
APPLICATION

Wadaka Mamai', Nanwimtoum Sévérin Bimbile Somda?, Leanne
Lobb?, Hamidou Maiga?, Hanano Yamada?, Rosemay Susan Lees?,
Jeremie Roger Lionel Gilles?, Jeremy Bouyer?

'International Atomic Energy Agencyl/institut de recherche agricole pour
le developpement, Vienna, Austria, ?International Atomic Energy Agency,
Vienna, Austria, 3LITE/Liverpool School of Tropical Medicine, Liverpool,
United Kingdom

Mass-rearing of Anopheles arabiensis mosquito is crucial for strategies that
use sterile insect technique to suppress vector populations. Production at
a large-scale requires the development of standardized rearing procedures
to produce good quality males able to compete with wild males for
mating with wild females. The aim of this study was to optimize rearing
conditions to ensure high egg productivity of An. arabiensis in the mass
rearing cages and the highest pupae production in the larval rearing unit.
Mass production cages of two different volumes, two different sources of
blood meal (bovine and porcine) and two different population densities
(cages originally loaded with either 15,000 or 20,000 pupae) were

tested and evaluated on the basis of eggs produced/cage or per female.
Moreover, four different egg quantities (4,000; 5,000; 6,000 and 7,000)
and two different water temperatures at the time of egg hatching (22

°C and 27 °C) were tested for effects on time to pupation, pupation and
adult emergence rates, sex ratio and adult body size. Neither cage volume
nor blood meal source affected egg production per cage or per female.
However, increasing population density to 20,000 pupae had a negative
effect on eggs produced per cage and per female. The data point out the
negative impact of high larval densities (7,000 eggs/tray) and low water
temperature (22°C) on An. arabiensis pupae production and adult size.
With the current mass-rearing tools available at the Insect Pest Control
Laboratory and within the tested range, 4,000 eggs per larval rearing

tray hatched at a water temperature of 27°C are the optimal conditions,
providing the largest number of pupae (105,000 pupae / larval rearing
unit (rack) with subsequent large emerged males for release and females
for eggs production. Moreover, 15,000 is the optimal number of pupae
to be loaded into the Anopheles Mass production cages. These results are
valuable information to be taken into consideration when mass-rearing
An. arabiensis for SIT programmes, and others relying on large scale
production of mosquitoes.

FITNESS COSTS OF TWO PYRETHROID RESISTANCE
MECHANISMS IN AEDES AEGYPTI: CYP-MEDIATED
DETOXIFICATION AND KDR, INDIVIDUALLY AND IN
COMBINATION

Leticia B. Smith, Laura Harrington, Jeffrey Scott
Cornell University, Ithaca, NY, United States

Aedes aegypti, an important vector of many human diseases, is a serious
threat to human health due to its wide geographic distribution and
preference for living near humans. Insecticides, especially pyrethroids,
are still the primary means to control adult Ae. aegypti in endemic

areas, especially during disease outbreaks, which has led to its extensive
use over the past decades. Consequently, pyrethroid resistance is now
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found worldwide and is a major obstacle to the control of medically
significant arthropod pests. Resistance alleles often have a fitness cost

in the absence of insecticides. Understanding these costs and evolution
of resistance is critical in integrated resistance management practices

for it helps to determine how quickly resistance will be lost under field
conditions after pesticide application has ceased. Our goal is to understand
how the different resistance mechanisms impact mosquito fitness

both independently and in combination. As a first step, such a study

is best conducted in a controlled environment with minimal variables.
We did this using a life table analysis to measure developmental time,
survival, fecundity, egg viability, and body size. In Ae. aegypti, the two
main mechanism of pyrethroid resistance are mutations in the voltage-
sensitive sodium channel (Vssc) and enhanced cytochrome P450 (CYP)-
mediated detoxification. To compare the fitness costs of the different
mechanisms without the interference of other genetic variations, we
isolated three pyrethroid resistant strains of Ae. aegypti that are congenic
to the susceptible Rockefeller (ROCK) strain, but containing the different
resistance mechanisms. CYP+KDR:ROCK contains both CYP-mediated
resistance and Vssc mutations S989P+V1016G (kdr); KDR:ROCK contains
only kdr and no CYP-mediated resistance; and CYP:ROCK contains only
CYP mediated resistance and no kdr. Our preliminary results show that
CYP-mediated resistance causes significant fitness costs regardless of the
presence or absence of kdr. The implications of these results to the control
of Ae. aegypti will be discussed.

EVALUATING THE EFFICACY OF MINI DOUBLE NET TRAP
(MDN) FOR SAMPLING HOST SEEKING MOSQUITOES

Alex J. Limwagu, Hamis S. Kifungo, Anna Nyoni, Gasper K.
Shubi, Marceline F. Finda, Fredros O. Okumu

Ifakara Health Institute, Morogoro, United Republic of Tanzania

Effective sampling tool that do not expose collectors is essential for
monitoring malaria transmission. Human landing catch is considered as

a gold standard but it exposed human being to both malaria and non-
malaria pathogens. We have introduced a mini-double net trap as a
replacement of HLC due to ethical and protection issues. The MDN with
different sizes of the outer layer were tested to observe which height is
suitable for collecting more mosquito species. The trap was designed with
different sizes of the outer layer, i.e. 20cm, 50cm, 80cm from the ground
and one with the holes on the side, allocated 100m apart. A Latin square
design was used to evaluate the MDN trap. A total of 2,004 mosquitoes
were collected using a MDN trap. The trap with holes on the side caught
468 (23.3%), MDN-20cm caught 505 (25.1%), MDN-50cm caught 535
(26.7%) and MDN-80cm caught 496 (24.7%). The MDN trap with the
length of 50cm had significantly higher number of Anopheles arabiensis
than the standard height MDN-20cm [Relative rate, RR=1.37, 95%ClI
(1.02 - 1.85), P<0.05]. MDN-80cm had fewer catches of An. arabiensis
compared to MDN-20cm, [RR=0.88, 95%Cl (0.68 - 1.14), P=0.337]. There
is not significantly differences in the number An. arabiensis capture by
MDN with side holes compared to MDN-20cm [RR=1.05, 95%Cl (0.767 -
1.44), P=0.759]. The number An. funestus captured by MDN-50cm, MDN-
80cm and MDN with side holes were not significantly different with the
MDN-20cm [RR=0.33, 95% Cl (0.06 -1.69), P=0.184), [RR=0.82, 95%Cl
(0.24 - 2.82), P=0.754) and [RR=0.98, 95%CI (0.30 - 3.20), P=0.979)
respectively. We can therefore conclude that, MDN trap with the outer
layer measuring 50cm from the ground can be considered as the most
suitable options for collecting host-seeking mosquito species especially the
most abundance vectors, An. arabiensis.
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INSECTICIDE RESISTANCE IN ANOPHELES ARABIENSIS
POPULATIONS FROM DAKAR AND ITS SUBURBS: ROLE OF
TARGET SITE AND METABOLIC RESISTANCE MECHANISMS

Oumou K. Gueye', Abdoulaye K. Dia', El H. Nang', Seynabou M.
Diedjou?, Mamadou D. Sy', Abdoulaye Konate', Badara Samb?,
Abdoulaye Diop?, Lassana Konate'!, Ousmane Faye'

'Universite Cheikh Anta Diop, Dakar, Senegal, ?Universite Cheikh Anta
Diop, Dakr, Senegal, >ABT-Association, Dakar, Senegal

Malaria is still a major public health problem in Senegal particularly in
Dakar, where recurrent flooding occurring since 2005 complicated the
epidemiology of the disease. Despite, the effort deployed to control the
disease, high resistance of vectors to insecticide make hypothetical the
country ambition to pre-elimination. This study was conducted from
2013 to 2015 to estimate the burden of the insecticide resistance and
associated mechanisms in An. arabiensis populations from the flooded
areas of Dakar the capital city of Senegal. Anopheles larvae and pupae
were collected by dipping method from natural breeding sites. Bioassays
were carried out using WHO test kits and CDC bottle for unfed, 3-5 days
old adults mosquitoes. Detection of metabolic resistance was realised
using CDC bottle with synergists. Molecular identification of An. gambiae
complex species and kdr molecular genotyping was perform by PCR
using respectively methods described previously. All populations tested
were resistant to all insecticides families except Organophosphates . The
presence of metabolic resistance like glutathion-S-transferases (GST) and
cytochrome P450 (CYP450) was found. Molecular identification revealed
the presence of An. arabiensis only. Kdr genotyping showed the presence
of L1014F mutation (Kdr-West) and L1014S (Kdr-East). This L1014S
mutation was found at high frequencies in almost all districts surveyed,
and in association with L1014F. In conclusion, results showed the
contribution of both target-site and metabolic mechanisms in conferring
pyrethroid resistance to An. arabiensis from the flooded areas of Dakar
suburbs. This vector is main malaria vector in the Cap Vert Peninsula, due
to the presence of permanent larval habitats so-called “Ceane” gardening
pits, especially during the dry season, as reported previously. Our findings
indicate the need for close monitoring of the urban An. arabiensis
populations to implement a suitable insecticide resistance management
system to preserve core insecticide-based vector control tools in the
flooded area of Dakar.

SUSCEPTIBILITY OF FIELD-COLLECTED AEDES AEGYPTI (L.)
TO CONVENTIONAL INSECTICIDES IN COASTAL KENYA

Harun N. Ngugi’, Francis M. Mutuku?, Bryson A. Ndenga?, Lucy
W. Irungu®, Amy R. Krystosic®, Uriel Kitron®, Angelle D. LaBeaud’

"Chuka University, Department of Biological Sciences/University of Nairobi,
Department of Zoology, School of Biological sciences, Chuka/Nairobi,
Kenya, ?Technical University of Mombasa, Mombasa, Kenya, *Centre

for Global Health Research, Kenya Medical Research Institute, Kisumu,
Kisumu, Kenya, “University of Nairobi, Nairobi, Kenya, *Stanford University,
California, CA, United States, °Emory University, Atlanta, GA, United
States, “Stanford University, Stanford, CA, United States

Aedes aegypti are the vectors for many important arboviruses in Kenya,
and control options are limited. We evaluated the susceptibility of

field populations of nonblood-fed Aedes aegypti mosquitoes to four
conventional insecticides: permethrin, 0.75%; deltamethrin, 0.05%;
bendiocarb, 1%; and fenitrothion, 1%; according to WHO standard
procedures. We also determined the efficacy and residual activity of a
water dispersible formulation of the biolarvicide Bacillus thuringiensis var
israelensis (Bti) (VectoBac® WG) under semi-field conditions during the dry
and wet seasons. Three concentrations of larvicide in 2-L plastic trays were
used in this study: 1x, 10x and 20x the manufacturer’s recommended
dosage (8mg/L, 80mg/L and 160mg/L respectively). Bioassays of adults
showed full susceptibility to permethrin and fenitrothion. A low level of

resistance was observed for deltamethrin and bendiocarb with 86 and
84% mortality, respectively. Knockdown rate for the first 20 min was
notably higher (>90%) for both deltamethrin and permethrin than for
bendiocarb and fenitrothion (<10%). Bti was effective under semi-field
conditions for an average of 16 days at 8 and 80mg/L and for 22 days at
160mg/L, with 100% mortality during the dry season. In the wet season
Bti efficacy at 80 and 160 mg/L lasted for 22 days. The results of this study
suggest a need to monitor for developing resistance along the Kenya coast
in order to recommend suitable adulticides and dosages for Ae. aegypti
control, especially given the recent outbreaks of dengue and chikungunya.

THE RELATIONSHIP BETWEEN KNOCK-DOWN RESISTANCE
(KDR) MUTATIONS METOFLUTHRIN INSECTICIDE TREATMENT
IN MEXICO

Oselyne Ong', Gordana Rasic!, Mike Dunbar?, Gonzalo Vazquez-
Prokopec?, Pablo Manrique-Saide?, Gregor Devine'

'QIMR Berghoter Medical Research Institute, Herston, Australia, 2Emory
University, Atlanta, GA, United States, *Universidad Auténoma de Yucatan,
Yucatan, Mexico

The application of any insecticidal vector control intervention requires an
understanding of the susceptibility of the target population. Knock-down
resistance (kdr) mutations in voltage-gated sodium channel (VGSC) genes
protect insects against DDT and pyrethroids. In Mexico, pyrethroids are
used extensively, in domestic aerosols and by public health authorities,
particularly during arbovirus outbreaks. As a result of heavy selection
pressure, V1023l and F1565C kdr mutations are common in the dengue,
chikungunya and Zika vector, Aedes aegypti. Volatile pyrethroids like
metofluthrin are currently being considered for deployment indoors to
prevent mosquito biting. These compounds have lethal and behavioral
effects on mosquitoes and appear to retain their efficacy against Ae.
aegypti carrying kdr mechanisms. A prototype metofluthrin “emanator”
is being tested as part of a USAID-funded trial in experimental houses
and an urban field trial. A genomic analysis of local Mexican strains by
double-digest Restriction-site Associated DNA sequencing (ddRAD-seq)
revealed selective sweeps around the VGSC gene and P450 gene family,
confirming that local strains harbour potentially protective mechanisms
against pyrethroids. More specifically, we are monitoring 4 common kdr
mutations using a cost effective High Resolution Melt (HRM) analysis. Of
the mosquitoes characterized to date, there are no S996P mutations in
the “super-kdr” region of domain Il but an increased frequency of V1023l
and F1565C kdr mutations in the S6 of domain Il and IIl in mosquitoes
surviving metofluthrin treatment. The impact of these mechanisms on Ae.
aegypti survival in experimental houses will help us interpret the spatial
and temporal impacts of metofluthrin in the context of the kdr patterns
observed during the larger urban field trials. The extent to which these
mechanisms differentially affect the lethal impacts and biting behaviors
of metofluthrin will also be discussed. Results gained from free-flying
mosquitoes with a subset of kdr mutations suggest that behavioral effects
can be maintained even when mortality is reduced.

PLANT-DERIVED EDIBLE OILS AS EMERGING LARVICIDES
FOR YELLOW FEVER MOSQUITO, AEDES AEGYPTI (DIPTERA:
CULICIDAE) CONTROL

Teresia Njoroge, Mary Schuler, May Berenbaum
University of lllinois at Urbana-Champaign, Urbana, IL, United States

Aedes aegypti is the primary vector for dengue, yellow fever, chikungunya
and Zika viruses. Plant-derived edible oils are important sources of
insecticides that can provide an eco-friendly, efficient and affordable

tool for controlling Ae. aegypti populations around homes in resource-
limited settings. The objective of this study was to evaluate the larvicidal
activity of plant edible oils against Ae. aegypti larvae. Plant edible oils
were purchased from local food stores in Champaign County, lllinois,
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USA and tested for their larvicidal activity against Ae. aegypti larvae in

the laboratory. Bioassays were performed using late third instar larvae

and replicated 4 times at concentrations ranging from 500 to 4,000 ppm,
with 10 larvae per replicate. For each oil, the lethal concentration killing
50% of larvae (LC, ) was determined using probit analysis and compared
with its linoleic acid concentration. In addition, stage-specific susceptibility
of larvae and oviposition deterrence of selected edible oils were also
tested. Among the 13 edible oils tested, hempseed oil was the most toxic,
with an LC, of 342.2 ppm, followed by sesame and pumpkin seed oils
(661.4 ppm and 829.1ppm), respectively. Moreover, the efficacy of the

oils is correlated with percentage content of linoleic acid (R?= 0.52). The
fatty acid profiles of 4 edible oils revealed that oils with high linoleic acid
composition are more toxic to Ae. aegypti larvae. Larval exposure to 100%
linoleic acid yielded a much lower LC,  value (94.23ppm) compared to

the most toxic oil (hempseed, 342.2ppm), a strong indication that linoleic
acid may be the active principle in the oils. Third and fourth instar larvae
experienced higher % mortality compared to first and second instar larvae
(p < 0.05), indicating that they are more susceptible to the edible oils
tested. On oviposition deterrence, all the oils tested reported an effective
repellency of > 63%. These results demonstrate that some plant edible oils
are toxic to Ae. aegypti larvae and are very promising in creating new, safe,
effective and affordable larvicides for controlling Ae. aegypti populations
around homes in resource-limited settings.

NEAR-INFRARED SPECTROSCOPY TO DETECT MALARIA
PARASITES IN ANOPHELES GAMBIAE S.S

Marta F. Maia', Francesco Baldini?, Melissa Kapulu', Wagah
Gorry', Lisa Ranford-Cartwright?, Floyd Dowell?, Heather Ferguson?

'KEMRI Wellcome Trust Programme, Kilifi, Kenya, 2University of Glasgow,
Glasgow, United Kingdom, 3U.S. Department of Agriculture ARS Center
for Grain and Animal Health Research, Manhattan, KS, United States

During the past decade there has been a substantial reduction in malaria
incidence and related mortality. A few countries have announced plans
for malaria elimination, setting ambitious goals for areas so far faced with
perennial transmission. Elimination demands efficient programs together
with real-time surveillance. Although vector control interventions, such as
LLINs and IRS, have been the driving force behind the reduction in malaria
cases, surveillance of vectors is restricted by shortage of entomologists and
high costs of analyzing large number of mosquito samples. Near-infrared
spectroscopy (NIRS) is used to measure the light in the near-infrared region
that is absorbed by a mosquito; the spectra depend on its external and
internal composition. It is non-destructive, high-throughput and requires
no reagents. This study aimed at investigating if NIRS can be used to
determine if a mosquito is infected with malaria sporozoites. For this
purpose, Anopheles gambiae s.s (Keele strain) mosquitoes were infected
in the laboratory using cultured Plasmodium falciparum parasites. These
were kept in insectary conditions for 14 days along with mosquitoes that
were given an uninfected blood meal on the same day. After 14 days
mosquitoes were killed and scanned using NIRS. Parasite infection was
quantified using qPCR. A calibration was developed using 69 uninfected
mosquitoes and 69 sporozoite-infected mosquitoes with different
infection loads. The calibration was then used to predict an independent
set of samples composed of 22 uninfected and 68 sporozoite infected
mosquitoes. Results showed the method predicted the independent
samples with 100% sensitivity and 88% specificity (22/22 accurately
predicted as uninfected; 66/68 accurately predicted as uninfected).

The adoption of this new high throughput method to identify infected
mosquitoes could deliver a cheap and efficient approach to malaria
vector surveillance in endemic regions as well as in regions facing disease
importation. Validation with wild mosquito infections is on-going and will
verify the applicability of the method to the field.

IMPORTANCE OF AN EFFICIENT LARVAL DIET FOR
ANOPHELES DARLINGI TO PLASMODIUM VIVAX IN THE
PERUVIAN AMAZON

Carlos Tong', Anibal Huayanay', Lutecio Torres', Gerson Guedez',
Dionicia Gamboa', Joseph M. Vinetz?, Manuela Herrera-Varela',
Marta Moreno?

'Universidad Peruana Cayetano Heredia, Iquitos, Peru, *University of
California San Diego, San Diego, CA, United States

Anopheles darlingi, the main malaria vector in the Neotropics, was
recently colonized under laboratory conditions. Hence it was necessary to
optimize larval feeding because the environmental conditions in juvenile
stages, such as food availability, impact the survival and reproduction and
their susceptibility to Plasmodium. The high cost and lack of availability

of commercial larval food in the Peruvian Amazon limits our ability to
produce mosquitoes of high quality for assays such as transmission
blocking or sporozoite production. In this study, we investigate the
effectiveness of different larval diet mixtures with local accessible
ingredients to promote more affordable and sustainable mosquito
production. We evaluated five mixtures: Puripaiche (contains 45% crude
protein), LabDiet (23%), Nutrafin (32%), Whiskas (31%), and Conejina
(18%). Life tables and wing length (adult body size) were recorded to
analyze the effect of foods on larval development and adult emergence.
Three- and four-day-old adults were provided with P vivax-infected blood,
and on the 7™ day post feeding, oocysts were counted in the midgut.

All diets resulted in a larval survivorship >70%, with the exception of
Conejina, for which the larval survival was 6%. Similarly, the mean

time to adult emergence was 24 days (Cl: 22-27) for all diets except for
Conejina, for which the mean time to emergence was 30 days. Significant
differences (p<0.05) were found in the wing length of adult mosquitoes:
Puripaiche, Nutrafin and LabDiet produced mosquitoes with larger wing
lengths (2.79mm, 2.73mm and 2.70mm respectively), whereas Whiskas
(2.66mm) and Conejina (2.59mm) yielded smaller mosquitoes. There was
no significant difference in the susceptibility to P vivax between diets, with
a mean of 12.85 oocysts/mosquito for Puripaiche, 10.75 for LabDiet, and
10.17 for Nutrafin. Overall, Puripaiche, Nutrafin and LabDiet are promising
larval diets for the rearing and efficient production of adult mosquitoes.

GENDER DIFFERENCES IN THE IMMUNE RESPONSES
AGAINST AEDES AEGYPTI SALIVARY PROTEINS

Paula Rozo-Lopez', Marisol Aguirre-Rojas’, Mark James?, Berlin
Londono-Renteria’

'Kansas State University, Manhattan, KS, United States, ?Kent State
University, Kent, OH, United States

Aedes aegypti is one of the most well-characterized mosquito species due
to being the primary vector of Dengue, Chikungunya, and Zika in tropical
areas. During mosquito blood feeding, a salivary exudate is injected

into the host skin to allow the mosquito to successfully uptake blood.
Mosquito salivary secretions cause allergic reactions and induce significant
antibody responses in humans. Specifically, levels of IgG and IgM
antibodies increase in human populations with continued exposure to high
numbers of mosquitoes. It has been proposed that antibody responses
and vector-transmitted disease infections show some gender-dependent
variation in humans due to sex-related physiology and differences in rates
of exposure. However, there is little understanding about the influence

of gender on antibody response in humans with continued exposure to
Ae. aegypti. This study provides a secondary analysis of data measuring
the levels of antibodies against Ae. aegypti saliva in human populations
from dengue endemic areas of Colombia. We aim to establish whether
there are gender-dependent and age-related antibody responses to
mosquito exposure and associations with the presentation of dengue
fever infections. Our results showed higher levels of IgG antibodies in
males before traveling to dengue-endemic areas (p=0.0463) and higher
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IgM antibody levels in females after mosquito exposure and throughout
the follow-up period. We also observed a discrete decline in the antibody
levels (IgG and IgM) with age, which suggests that age related responses
are independent of gender. Moreover, we found a significant positive
correlation between the IgG levels against dengue fever and 37/38kDa
proteins (r=0.6272, p=0.0217) in females with active DENV. Our results
suggest that sex and age should be taken into account when interpreting
serum IgG and IgM levels.

THE ANOPHELES FARAUTI HABITAT AND ITS ASSOCIATION
WITH LARVAL DENSITY AND ADULT FITNESS

Kimberley McLaughlin', Tanya Russell', Allan Apairamo?, Hugo
Bugoro?, Jance Oscar?, Nigel Beebe®, Robert Cooperé, Weng
Chows, Tom Burkot!

'Australian Institute of Tropical Health and Medicine, Cairns, Australia,
’National Vector Borne Disease Control Programme, Ministry of Health
and Medical Services, Honiara, Solomon Islands, *National Vector Borne
Disease Control Programme, Honiara, Solomon Islands, “Malaria, other
vector-borne and parasitic diseases, Gizo, Solomon Islands, *School of
Biological Sciences, The University of Queensland, Brisbane, Australia,
¢Army Malaria Institute, Australian Government Deparment of Defence,
Brisbane, Australia

The fitness of adult malaria mosquitoes, defined by size and survivorship,
is influenced by density-dependent processes at the larval stage, and
simultaneously by density-independent (environmental) processes.
Understanding the roles of density-dependent and independent influences
is essential for predicting the response of mosquito populations to

larval control. Evidence for the existence of density dependent effects

on Anopheles farauti, the primary vector in the Solomon Islands will be
presented together with data on the physical, chemical and biological
characteristics of larval habitats and their association with productivity.
Methods: Human landing catches were carried out across the Solomon
Islands with the wings of the collected mosquitoes measured to determine
size variation within the adult population. As well as adult collections,

the aquatic stage was also investigated looking at the chemical, physical,
and biological factors associated with the presence or absence of the

An. farauti larvae as well as the productivity of each potential habitat.

Size variation was confirmed within the adult mosquito population, and
significant factors found that act on the larvae with water temperature
(P<0.0001%*), pH (P=0.0002%*), nitrate (P<0.0001%*), ammonia (P=0.0190%*),
and phosphate (P<0.0001%*) associated with increases in larval density.
However, there does not appear to be any single dominant factor
associated with habitat utilisation and productivity. In conclusion, a lot

of information is unknown regarding the aquatic stages of anophelines

in the Solomon Islands. This is especially evident for An. farauti which

is concerning considering the impact it has on human health due to its
association with malaria. Looking at the relationship between the larval
habitat, larval density, and adult fitness could help influence future control
methods to complement the use of insecticide treated nets for malaria
control.

PRIMATE MALARIA TRANSMISSION IN THE ABSENCE OF
HUMAN HOSTS: INVESTIGATING MOSQUITO VECTOR
ECOLOGY IN THE LOWER KINABATANGAN WILDLIFE
SANCTUARY, SABAH, MALAYSIAN BORNEO

Rebecca E. Brown', Chua Tock Hing?, Heather M. Ferguson’

'Institute of Biodiversity, Animal Health and Comparative Medicine,
Glasgow, United Kingdom, 2Universiti Malaysia Sabah, Kota Kinabalu,
Malaysia

A significant outbreak of the primate malaria Plasmodium knowlesi in
humans has occurred in Sabah, Malaysian Borneo. The competent vector
Anpheles balabacensis is responsible for human infections, arising as spill-

over events from wild macaque reservoir hosts. Little is known about the
ecology of Plasmodium knowlesi transmission within reservoir primate
hosts in undisturbed forests. Elucidation of these transmission systems

is crucial to assess whether human infections could be prevented by
interrupting transmission in macaques. With the objective of characterising
the macaque malaria transmission cycle, we aimed to determine the
abundance and diversity of potential malaria vector species in the vicinity
of macaque troops and to identify circulating Plasmodium infections of

P knowlesi and other primate malaria species. Here we trialled Mosquito
Magnet Independence Traps (MMIT) to sample mosquitoes host seeking
near macaque sleeping sites within the Lower Kinabatangan Wildlife
Sanctuary, Sabah from August to November 2017. This reserve contains
high numbers of macaques but very few humans, making it appropriate
for studying the monkey-monkey malaria transmission cycle. For 30 nights,
a thermal imaging camera was used to select trees for the positioning

of one MMIT at a tree hosting sleeping macaques and one MMIT at

an unoccupied (control) tree each night. Higher mosquito abundances
were found at macaque roosts (n=5489) than at control trees (n=5065).
Anopheles comprised 4% of collections, including three species: An.
balabacensis, An. barbirostris and An. donaldi, previously implicated in
malaria transmission. Their combined abundance was higher at control
(n=233) than macaque trees (n=124). Anopheles balabacensis was more
abundant at macaque trees (n=13) than at controls (n=2) and only one
An. balabacensis was infected with the primate malaria P inui. The low
abundances of primate malaria vector species and low Plasmodium
infection rates were surprising, and specifically that P knowlesi was not
detected. Ongoing work screening macaque stool samples will confirm the
intensity of P knowlesi in macaques in this area.

AEDES AND ANOPHELES MOSQUITO CO-CONCURRENCE:
IS THERE ANY IMPACT ON HUMAN IMMUNE RESPONSE
AGAINST PATHOGENS?

Sapna Menghwar’, Nicholas Bloedow’, Tonya M. Colpitts?, Berlin
Londono-Renteria’

'Kansas State University, Manhattan, KS, United States, ?Boston University
School of Medicine, Boston, MA, United States

Dengue and malaria are among the principal mosquito transmitted
diseases. Although, malaria incidence has significantly decreased in the last
decade, there is an alarming increase of pathogens transmitted by Aedes
mosquitoes including Dengue virus. Although, Anopheles and Aedes
prefer very different breeding sites, adults of booth species are often
captured in endemic areas, during surveillance efforts. Also, the concept
of malaria - dengue co-infection is starting to get more attention in recent
years due to an increase in cases in tropical regions. Our preliminary study
using 32 samples collected in two different regions of Colombia revealed
a significant positive correlation between antibodies against salivary
proteins from Ae. aegypti and An. albimanus in people living in areas
endemic for both malaria and dengue in the Caribbean. However, this
correlation was not observed in the Pacific Coast, where An. darlingi and
An. nuneztovari are the main vectors of malaria and the presence of An.
albimanus is uncommon. Interestingly, antibody levels against the salivary
proteins and the correlation between them was age dependent with lower
antibody levels in younger populations. Correlation between antibodies
against the specific pathogens and its vector was more complicated. We
observed a negative but significant correlation between IgG against An.
albimanus and the CSP in older populations (>26 years old) suggesting the
potential impact of human-vector contact intensity in immunity against
malaria. However, we did not observe a relationship between antibodies
against the CSP and salivary proteins in younger populations. In the case
of dengue, we found a significant correlation between antibodies (IgM or
IgG) against all serotypes and IgG against Ae. aegypti, except for DENV4,
which is the least transmitted serotype in Colombia. In conclusion, people
in tropical areas are exposed to both Anopheles and Aedes mosquitoes in
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any given time increasing the possibility of malaria-arboviral co-infections.
More studies are needed to establish the relationship between vectors of
different diseases and impact of immunity in disease transmission.

DRIVING FORCE AND IMPACT OF URBANIZATION ON THE
ECOLOGY OF AEDES MOSQUITOES IN YELLOW FEVER AND
DENGUE CO-ENDEMIC AREAS IN COTE D’IVOIRE

Julien B. Zahouli', Benjamin G. Koudou?, Pie Mller?, David
Malone?, Yao Tanos, Jirg Utzinger?

'Centre Suisse de Recherches Scientifiques en Céte d’Ivoire, Abidjan,

Cote D'Ivoire, ?Centre for Neglected Tropical Diseases, Liverpool School of
Tropical Medicine, Liverpool, United Kingdom, 3Swiss Tropical and Public
Health Institute, Basel, Switzerland, “Innovative Viector Control Consortium,
Liverpool School of Tropical Medicine, Liverpool, United Kingdom,
*Université Nangui-Abrogoua, Abidjan, Céte D’Ivoire

Aedes mosquito-borne arboviruses have increasingly occurred in rural
and urban settings of Africa. We explored the effect of urbanization on
Aedes ecology along a rural-to-urban gradient in yellow fever (YF) and
dengue (DEN) co-endemic areas in Cote d'lvoire. Aedes eggs, larvae and
adults were sampled using ovitraps, larval surveys and human-baited
double-net traps in rural, suburban and urban areas from January 2013
to December 2014. Aedes breeding sites were characterized, and species
identified. A total of 51,439 specimens of Aedes mosquitoes belonging
to 20 species (Ae. aegypti, Ae. africanus, Ae. albopictus, Ae. angustus,
Ae. apicoargenteus, Ae. argenteopunctatus, Ae. dendrophilus, Ae. fraseri,
Ae. furcifer, Ae. haworthi, Ae. lilii, Ae. longipalpis, Ae. luteocephalus,

Ae. metallicus, Ae. opok, Ae. palpalis, Ae. stokesi, Ae. unilineatus, Ae.
usambara and Ae. vittatus) were sampled. The highest Aedes species
richness was found in rural (18 species), followed by suburban (7 species)
and urban (3 species) areas. Conversely, Aedes showed higher abundance
in urban (n = 51,439; 50.7%) compared to suburban (32.6%) and rural
(16.7%) areas. Aedes-positive breeding sites were more abundant in urban
(2,136/3,374; 63.3%) than suburban (1,428/3,069; 46.5%) and rural
(738/2,423; 30.5%) areas. Breeding sites were mainly industrial (i.e., tires,
cans and water receptacles), traditional (i.e., clay-pots) and natural (i.e.,
tree holes and fruit husks) containers in urban, suburban and rural areas,
respectively. Ae. aegypti, Ae. dendrophilus, and Ae. vittatus bit humans
in rural (4.48 bites/person/day), while Ae. aegypti inflicted 99.7% of bites
in urban (15.73 bites/person/day) areas. Ae. aegypti was the dominant
species and displayed bimodal daily feeding cycles in all areas, with
stronger magnitude in urban areas. In Cote d'lvoire, urbanization shifts
Aedes ecology by restricting of wild Aedes species in rural and favoring
Ae. aegypti in urban areas. Data suggested that while Aedes wild species
act as bridge vectors of YF and DEN viruses in rural, Ae. aegypti raises the
risk of inter-human transmission of arboviral diseases in urban areas.

SPATIAL RISK OF URBAN EXPOSURE TO ANOPHELES AND
AEDES MOSQUITO BITES IN AFRICA USING SALIVARY
ANTIBODY-BASED BIOMARKERS

Andre Barembaye Sagna', Daouda Kassie?, Agnes Couvray',
Emmanuel Hermann3, Gilles Riveau3, Gérard Salem#, Florence
Fournet, Franck Remoue’

'Institut de Recherche pour le Développement, Montpellier, France,
2ASTRE, CIRAD, INRA, Univ Montpellier, Montpellier, France,
3Institut Pasteur de Lille, Lille, France, “Institut de Recherche pour le
Développement, Paris, France

Urban settings often present low densities of mosquito vectors which do
not allow to accurately assess the risk of arthropod-borne diseases based
on entomological parameters. This study aims to evaluate the spatial

risk of both malaria and arbovirus transmission in a northern urban area
of Senegal, West-Africa, using antibody-based biomarkers of human
exposure to Anopheles and Aedes mosquito bites. A cross-sectional
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study was undertaken between August and September 2014 (rainy
season) in four urban districts (UDs) of the city of Saint-Louis, Senegal:
Leona (LEO), Ndiolofféne (NDI), Guet Ndar (GND) and Pikine Sor Diagne
(PSD). In each UD, dry blood spots were performed in 809 children aged
6-59 months and ELISA method was used to evaluate IgG antibody

(Ab) responses to both gSG6-P1 (Anopheles) and Nterm-34kDa (Aedes)
peptides of respective mosquito saliva. The median of IgG response levels
to both gSG6-P1 and Nterm-34kDa salivary peptide varied significantly
according to UDs and were lower in LEO compared to PSD, GND and

NDI (p<0.0001). Heat maps of IgG responses to both salivary peptides
indicated variations in the spatial distribution of the intensity of Ab
responses inside UDs. There were no hot spots of malaria transmission risk
(areas with children presenting a high IgG intensity) in LEO. Hot spots of
malaria were mainly located in the northern part of NDI and GND, and in
the southern part of PSD. As for the risk of arbovirus transmission, there
were no hot spots in LEO and PSD. Hot spots of arbovirus transmission
risk were located in some patch in the north of NDI and were dispersed
throughout the UD of GND. Our results demonstrate that hot spots of
both malaria and arbovirus transmission risk actually exist in northern parts
of NDI'and GND. This highlights that a targeted fight against mosquitoes
in these hot spots could be effective against all mosquito-borne diseases.
Antibody-based biomarkers could then help national control programs to
target and prioritize vector control strategies in areas with common risk of
malaria and arbovirus transmission.

LARVAL ENVIRONMENT INFLUENCES MICROBIOTA OF
CONTAINER DWELLING MOSQUITOES

Elijah Juma
University of lllinois at Urbana-Champaign, Urbana, IL, United States

Mosquitoes host a community of microbiota that influence their growth,
survival and susceptibility to pathogens. These microbiota are known to
vary markedly between individuals but our understanding of the factors
that influence this variation is still limited. The aim of this study was

to determine how the larval environment influences the microbiome

of two container-dwelling mosquito species, Aedes triseriatus and Ae.
Japonicus. Larvae of the two mosquito species were sampled from tire
and tree-hole habitats at South Farms and Trelease Woods study sites in
Champaign, lllinois, and their microbiome characterized through MiSeq
sequencing of the 16S rRNA gene. Approximately 66% of bacterial
operational taxonomic units (OTUs) were shared between mosquito larvae
and water samples from the larval environment. Dysgonomomanas and
an unclassified genus from family Comamonadaceae were the dominant
bacterial taxa in Ae. triseriatus larvae and water samples respectively, but
no clear dominance of any bacterial taxa was observed in Ae. japonicus
larvae. Overall, there was significantly higher number of OTUs observed
and predicted in mosquito larval samples compared to water samples.
Bacterial OTU richness was significantly higher in Ae. japonicus tire
samples from both study sites compared to Ae. triseriatus tire and tree-
hole samples from South Farms or water samples from South Farms. NMDs
plots based on Bray-Curtis distances revealed a clear separation of Ae.
Japonicus, Ae. triseriatus and water samples indicating that the bacterial
communities differed by sample type. The findings of this study reveal that
Ae. japonicus and Ae. triseriatus harbor distinct bacterial communities
some of which are likely acquired from the larval environment.

HOST PREFERENCES AND ACTIVITY RHYTHMS OF
ANOPHELES MOSQUITOES IN CAMBODIA

Amélie Vantaux’, Sovannaroth Siv?, Ken Vernick3, lvo Mueller?,
Benoit Witkowski'

'Institut Pasteur in Cambodia, Phnom Penh, Cambodia, ?National Center
for Parasitology, Entomology and Malaria Control Program, Phnom Penh,
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Cambodia, >Genetics and Genomics of Insect Vectors Unit, Institut Pasteur,
Paris, France, *Malaria: Parasites & Hosts Unit, Institut Pasteur, Paris, France

The main vector control tools against malaria mosquitoes have been the
scaling up of indoor-oriented vector control tools, despite the fact that
Southeast Asian mosquitoes populations mainly feed early and outdoors.
In Cambodia, the main persistent reservoirs of transmission appear

to be located outside of villages, in forests. This study aimed at better
characterizing Anopheles vector bionomics to inform novel vector control
tools development. Mosquitoes were sampled hourly over a 24h period
during the rainy and the dry season in three types of sites: villages, forest
habitats surrounding the villages, and deep forest. Inherent mosquito
host preference was determined using odour-baited traps set side by
side in a choice arrangement, releasing either human or cow odors. This
allows calculation of the anthropophily index (Al): number of Anopheles
mosquitoes caught in the human-baited trap over the total number of
mosquitoes caught in both traps. A total of 3803 Anopheles mosquitoes
were caught, with most of them at night, although 25.9% were caught
during daytime. Overall Anopheles mosquitoes caught in the deep forest
were significantly more anthropophilic (Al rainy season=26.5%; Al dry
season=32.9+3.1%) than mosquitoes caught in the villages (Al rainy
season=4.3+1%, P<0.0001; Al dry season=6.3+4.9%, P<0.0001) or in the
forests surrounding the villages (Al rainy season=5.3+1%, P<0.0001; Al
dry season=16.5£5.5%, P<0.0001). When considering females collected
in the human-baited traps only, similar numbers were collected during the
two rainy seasons, with 79.5% collected in the deep forest sites. These
results strengthen the hypothesis that forests are the main risk areas for
human malaria transmission, and highlight the importance of daytime
biting behavior as a potential source for transmission. Molecular biology
analyses are ongoing to determine malaria prevalence and transmission
risks. In the current context of malaria elimination in Greater Mekong
Subregion, there is an urgent need to develop vector control tools
adapted to forest transmission settings in order to effectively break malaria
transmission.

SPATIAL DISTRIBUTION OF PCR -IDENTIFIED MALARIA
VECTORS IN CROSS RIVER STATE, NIGERIA

Hala S. Bassaly', Reham A. TagEldin', Nermeen T. Fahmy?, Joseph
W. Diclaro II', Anyanwu A. Alaribae?, Emmanuel Ezedinachi?

'US Naval Medical Research Unit-3, Cairo, Eqypt, ?University of Calabar
and University of Calabar Teaching Hospital Moor Road Calabar, Cross
River State Nigeria, Calabar, Nigeria

Anopheles gambiae sensu lato complex describes a group of seven
morphologically indistinguishable members, comprising the main species
responsible for malaria transmission in tropical and subtropical Africa.
The diverse biological characters of these sibling species as well as their
behavioral variations are responsible for the difference in their ability

to transmit malaria and susceptibility to pyrethroids. This highlights the
need for precise mapping of their spatial distribution to monitor and
evaluate malaria threat levels, and to enhance effective implementation
of integrated vector control strategies. The present study aimed at
developing a GIS- based overlay on the spatial patterns of PCR-identified
A. gambiae complex species collected from four sites in Cross River

State; Calabar and Akpabuyo in southern, Yakurr in central and Ogoja in
Northern region representing three different ecological zones. Trapping
was conducted every other month from October 2015 until June 2016,
covering both dry and rainy seasons, using CDC-UV traps and pyrethrum
spray catch. Anopheles complex species were identified using molecular
techniques based on differences in the rDNA region between species and
the molecular forms of A. gambiae s.s specimens. A total of 1,386 female
A. gambiae mosquitoes were collected and identified. DNA was extracted
from legs of each specimen and species identification determined by
multiplex PCR using specific primers. The molecular forms of A. gambiae
s.s were determined by RFLP. Results indicated dominant occurrence of A.
gambiae s.s. (99.2%) across the four sites in comparison to A. arabiensis
which was detected in small number (0.8%). Out of 1,375 A. gambiae

s.s specimens, 78.2%, 20%, and 1.8% were A. coulzzii, A. gambiae
and hybrid forms respectively, a finding that contradicts other studies.
A. coulzzii is predominant in guinea-savannah and rain forest ecological
zones mainly during rainy seasons, while A. gambiae is prevalent in
mangrove rain forest during dry season. These results provide important
insights for strategic planning of malaria control programs in Nigeria.

MOON PHASE EFFECT ON MOSQUITO VECTORS OF WEST
NILE VIRUS IN MADAGASCAR: BIODIVERSITY, ABUNDANCE,
HOST ATTRACTIVENESS AND FEEDING RATES

Luciano Michaél Tantely', Hélene Guis?, Manou Rominah
Raharinirina’, lavo Randriananjantenaina3, Eric Cardinale?, Claire
Garros?, Romain Girod"

'Institut Pasteur de Madagascar, Antananarivo, Madagascar, ?Centre
de coopération internationale en recherche agronomique pour le
développement, Montpellier, France, *University of Antananarivo,
Antananarivo, Madagascar

West Nile Virus (WNV) infection occurs throughout Madagascar. Its
epidemiological cycle involves horses, human, birds and mosquitoes.

Our entomological data shows unexpected information on mosquitoes
vectors diversity and biology that relates to the collection methods. This
study highlights the effect of lunar cycle that has not been previously
considered in previous studies in Madagascar. During 2017, the influence
of the two lunar phases (full versus new moon) on mosquito populations
was analyzed in a farm located in the surroundings of Antananarivo city,
Madagascar. Each month, mosquito collections were performed twice: one
night during the full moon and one during the new moon. Six light traps
were used: three indoors (in horse’s box stall, in a house, in a cowshed),
while three outdoors (near a pigsty, near a chicken coop, near a water
point). During 24 night catches, 36,448 specimens belonging to 23 species
were collected with Culex antennatus (64%) and Cx. quinquefasciatus
(30%) the most abundant species. Cx. antennatus was mostly collected in
traps associated with domestic animals while Cx. quinquefasciatus in trap
placed in house. Each month, the total number of females caught during
new moon was 1 to 3,5 times higher than those caught during full moon
(ANOVA,; F=34.4, DF=3, P<0,05). Larger numbers of mosquitoes, driven
mainly by Cx. antennatus, were collected during the new moon in the
three outdoor traps; and inversely during the full moon in the cowshed.
This new moon effect was observed in the house but driven mainly by

Cx. quinquefasciatus. Lunar phase did not influence the abundance of
mosquitoes in horse’s box stall and the variation of mosquitos’ diversity.
The total number of fed and unfed females followed (F=0.709, DF=39,
P>0,05) the same pattern than the abundance of mosquitoes collected in
the farm. The lunar cycle has an effect on mosquito abundance and host
attractiveness and might vary according to the mosquito species. This lunar
effect and the location of traps should be taken into consideration for one
target species during entomological investigations aiming at unraveling
West-Nile virus transmission when using light traps.

RELATIONSHIP BETWEEN MICROCLIMATE AND
ENVIRONMENTAL VARIABLES AND MOSQUITO ABUNDANCE
IN RURAL ECUADOR

Rachel J. Sippy', Diego Herrera?, David Gaus?, Ronald Gangnon',
Jonathan Patz', Jorge Osorio’

"University of Wisconsin Madison, Madison, Wi, United States, *Salud y
Desarrollo Andino, Pedro Vicente Maldonado, Ecuador

Mosquito abundance is an important predictor of mosquito-borne
illnesses, such as dengue fever. Aedes aegypti mosquitos, which spread
the dengue virus, have a close relationship with humans, often living
only within urban environments. Fine-scale relationships between
climate, environment, and mosquito populations in this setting are poorly
understood. Using mosquito traps fitted with microclimate sensors, we
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determined the relationship of these microclimate and environmental
factors with host-seeking mosquito abundance, within a small town
(approximately 5500 people) in rural Ecuador over a twelve-month period.
Data were analyzed with a negative binomial (all-species mosquitos)

or binomial logit (proportion of female Aedes aegypti) model with
generalized estimating equations. Temperature and relative humidity were
variable even at small spatial scales; temperature maximum and minimum
relative humidity exhibited the widest range of values across the sampling
timeframe. For all-species mosquito abundance, median temperature
(effect=-0.23, p=0.0071), minimum relative humidity (effect=0.31,
p=0.0017) and median relative humidity (effect=-0.70, p=0.0095) had
the strongest associations, but temperature variance and maximum
temperature also had statistically significant effects. Seasonality and
urbanicity levels also influenced all-species mosquito abundance. Among
the sites with any mosquitos, the odds of a captured mosquito being a
female Ae. aegypti were increased by 45% for each degree increase in
median temperature (p=0.006), with seasonality also strongly affecting
these odds (p=0.0001). This is one of few studies of microclimate,
environment, and mosquito abundance, and may provide important
insights into global prediction modeling, as well as local prevention and
control efforts.

ENVIRONMENTAL AND ENTOMOLOGICAL SURVEYS TO
DETECT BREEDING SITES OF AEDES SPP. IN SALVADOR,
BRAZIL

Raquel Lima Souza', Patricia Moreira', Vanio Mugabe?, Roberto
Santos?, Isabel Guimaraes?, Mitermayer Reis’, Uriel Kitron®,
Guilherme Ribeiro’

'Fundacao Oswaldo Cruz, Salvador, Brazil, “Universidade Federal da Bahia,
Salvador, Brazil, ’Laboratdrio Central de Saude Publica, Salvador, Brazil,
“Centro de Controle de Zoonoses, Salvador, Brazil, >(Emory University,
Atlanta, GA, United States

Larvae and pupae of Aedes aegypti and Ae. albopictus, the vectors of
dengue, chikungunya and Zika viruses in Brazil, are found in natural and
artificial water-storage containers, but also in other breeding sites outside
human dwellings. During October 2016 we conducted a cross-sectional
entomological and environmental study in a residential medium-high
socioeconomic level area (0.08 km?), located in Pituba neighborhood,
Salvador, Brazil to describe and estimate the relative contribution of
different breeding sites inside and outside human dwellings. We detected
448 breeding sites within private areas, of which 238 (53.0%) held water
and 7 (1.6%) contained immatures [7 (1.6%) with Ae. aegypti, 1 (0.2%)
with Ae. albopictus, and 2 (0.4%) with Culex spp.]. Adult mosquitoes
were captured in 27 (23.3%) of the 116 surveyed properties: Ae. aegypti
in 20 (17.2%) and Culex sp. in 11 (9.5%); no adult Ae. albopictus were
captured inside the properties. In public areas, we surveyed 108 catch
basins, of which 43 (40.0%) contained water, 10 (9.3%) contained
immatures [2 (1.9%) with Ae. aegypti, 2 (1.9%) with Ae. albopictus, and
8 (7.4%) with Culex spp.], and 11 (10.1%) contained adult mosquitoes
[Ae. aegypti in 3 (2.8%), Ae. albopictus in 3 (2.8%), and Culex spp. in
4(3.7%)]. We also installed 34 ovitraps in a third of the properties, and
found immatures of Ae. aegyptiin 10 (29.4%) and of Ae.albopictus in

3 (8.8%) traps. Aedes spp. eggs were detected in 22 (64.7%) of the
traps. Our findings demonstrate that catch basins in Salvador accumulate
water and serve as larval development sites and as adult resting areas for
Ae. aegypti and Ae. albopictus. Furthermore, breeding sites outside the
houses serve as an important source for domestic Ae. aegypti infestations.
Consequently, determining the rate of house level infestations based
only on the presence of larvae in the properties (as is done in Brazil),
underestimates the true level of infestation. We suggest that additional
surveillance measures targeting capture of adult mosquitoes inside houses
are needed. Even more importantly, we emphasize the need to include
proximate public areas in Aedes surveillance programs.

MODELING THE POTENTIAL DISTRIBUTION OF AEDES
AEGYPTI IN THE CITY OF CORDOBA, ARGENTINA

Elizabet L. Estallo’, Florencia Sangermano?, Marta Grech?,
Francisco F. Luduefia-Almeida’, Marfa Frias-Cespedes®, Mariela
Ainete?, Walter Almirén’, Todd Livdahl®

'Instituto de Investigaciones Bioldgicas y Tecnologicas (IIByT), Universidad
Nacional de Cérdoba, CONICET, Centro de Investigaciones Entomoldgicas
de Cordoba (CIEC), FCEFyN, Cordoba, Argentina, *Graduate School of
Geography, Clark University, Worcester, MA, United States, *Centro de
Investigacion Esquel de Montana y Estepa Patagonica (CIEMEP). CONICET
and Universidad Nacional de la Patagonia San Juan Bosco. Facultad de
Ciencias Naturales, Sede Esquel, Chubut, Argentina, *“Ministerio de Salud
de la Provincia de Cérdoba, area de Epidemiologia, Cérdoba, Argentina,
*Department of Biology, Clark University, Worcester, MA, United States

Aedes aegypti, an urban mosquito, is involved in the transmission of
numerous viruses, including dengue, chikungunya and Zika. In Argentina
Ae. aegypti is the main vector for dengue virus, involved in several
outbreaks expanding from northern to central areas since 2009. In order
to evaluate potential vector-borne diseases transmission in Cérdoba

city, Argentina, we aim to identify the environmental, socio-economic

and demographic factors driving the distribution of Ae. aegypti larval
presence through spatial analysis in the form of species distribution models
(SDMs). A maximum entropy species distribution model was developed to
identify the relationship between known occurrences of Ae. aegypti and
11 factors. The model identified suitable breeding areas for Ae. aegypti,
as location with high Human population density, in close proximity to
vegetation, and near water channels. The model goodness of fit was
good, with an area under the receiver operating characteristic curve (AUC)
greater than 0.8 and presented a fair extrapolation capacity (average test
AUC>0.75). Results from this work will allow for target surveillance and
prevention measures, as well as for mosquito management within areas of
high habitat suitability for the species.

ZIKA AND DENGUE VIRUS INFECTIONS IN PREGNANT
MOTHERS IN GRENADA

Nikita Cudjoe’, Trevor Noél', Amy Krystostik?, Randall Waechter’,
Sherice Phillip®, Veronica Mapp-Alexander?, Elysee Noel Grossi-
Soyster?, Priyanka Suresh?, Justin Lee*, George Mitchells, Calum
Macpherson', A. Desiree LaBeaud?

"Windward Islands Research and Education Foundation, St. George,
Grenada, ?Department of Pediatrics, Division of Infectious Diseases,
Stanford University, California, CA, United States, 3St. George’s University,
St. George, Grenada, “Qualitative Sciences Unit, Stanford University,
California, CA, United States, *Ministry of Health, St. George, Grenada

While Zika virus (ZIKV) poses a significant threat to pregnant women

and their infants, 80% of infections are asymptomatic. The objective of
this study was to document the impact of maternal symptomatic and
asymptomatic ZIKV infections on infants in Grenada. During the ZIKV
outbreak in 2016, a cohort of pregnant women in antenatal clinics were
enrolled, surveyed and blood samples were collected to test for ZIKV and
dengue virus (DENV) infection by PCR and pGOLD immunoassay (IgG

and avidity). From April to November 2017, 140 offspring of the women
were followed and examined. 268 mothers were newly enrolled whom
were pregnant or gave birth during the outbreak. Infant assessments
consisted of physical examinations, anthropometrics, and serum collection
for ZIKV and DENV pGOLD IgG testing. In total, 383 mothers and 388
infants were assessed postpartum. Thirty-five (9%) mothers reported ZIKV
symptoms during pregnancy; 16%, 47% and 28% in their 1%, 2"¥ and 3
trimesters, respectively. Of the 388 infants, 8% tested positive for DENV
I9G, 1% for ZIKV IgG, and 0% had dual exposure. Twenty-three (5.9%)
severely and 35 (9.0%) mildly microcephalic cases were discovered. Of the
original antenatal cohort, 7 mothers were ZIKV PCR confirmed (5%) at
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the prenatal visit: 3 were symptomatic and 4 were asymptomatic. Seven
other mothers were viremic for DENV and all were asymptomatic. IgG
pGOLD testing revealed that 99% (80/81) had previous DENV exposure,
84% (68/81) had ZIKV exposure, and 83% (67/81) had dual exposure.
Most viremic mothers had positive IgG results: 86% (6/7) for ZIKV IgG
and 100% for DENV IgG. Avidity testing revealed that 97% of mothers
had ZIKV exposure 6 months prior, whereas only 29% had recent DENV
exposure. Of the 68 ZIKV-exposed mothers, only 2 of their offspring

(3%) were positive for ZIKV IgG. Of the 80 mothers with previous DENV
exposure, all of their offspring were DENV IgG positive. DENV and ZIKV
transmission are co-occurring and prevalent in Grenadian mothers and are
causing asymptomatic infections that may put infants at risk unknowingly.
Additional testing will corroborate microcephaly and its association with
timing of ZIKV exposure.

JUVENILE HORMONE REGULATED MICRORNA-276 IN AEDES
AEGPYTI FATBODY

Emre Aksoy
University of California, Riverside, Riverside, CA, United States

MicroRNAs are a class of small non-coding RNAs (20-23 nucleotides in
length) that play a critical role in gene silencing in eukaryotic organism.
Our previous studies characterized the role of miRNAs in blood digestion
and lipid secretion in Aedes mosquitoes. Inhibition of both of these
microRNAs results in biological defects that prevent egg production and
reproduction. In adult female mosquitoes, Juvenile Hormone (JH) regulates
the cascade responsible for tissue development that is required for the
reproductive cycle following acquisition of a blood meal. Currently, the
involvement of microRNAs during the post-eclosion (PE) developmental
stage are unknown. MicroRNA-276 is an insect specific microRNA and
has been shown to be abundant across multiple tissues. A recent study

in D. melanogaster characterized the role of mir-276 in circadian rhythms
through its regulation of timeless. In Aedes aegpyti, JH Il activation of
kh-r1 and hairy occurs in a light-dependent circadian rhythm during

PE development. Here we explore the regulatory role of mir-276 in the
fatbody during tissue maturation with the goal of disrupting proper
circadian rhythms as a means to inhibit JH Il activation to prevent
mosquito reproduction. We demonstrate that mir-276 is a JH responsive
microRNA through both an in vivo JH Ill topically assay to artificially induce
the JH mediated response and through dsRNAi knockdown of the key
receptor, methoprene-tolerant, to artificially prevent the JH response.
Next, we used a combination of in silico and in vivo predictions from our
previously published Ago1 CLIP-Seq dataset to create a high-confidence
list of MRNA targets for mir-276. We then validated if mir-276 was capable
of binding to these targets in vitro using a dual luciferase assay in S2 cell
line. Finally, we performed antagomir injections to systemically reduce
mir-276 levels during the PE developmental stage and measured gene
expression of key targets in the JH Ill pathway. While our results indicate
mir-276 is regulated by JH Ill, the miRNA does not inhibit key components
of the JH pathway. It is likely that mir-276 plays another role in regulating
gene expression in A. aegypti.

ENTOMOLOGICAL PATTERN OF MALARIA TRANSMISSION IN
THE HIGHLAND FRINGES OF MADAGASCAR:RESULTS FROM
A LONGITUDINAL ENTOMOLOGICAL SURVEY

Thiery Nirina Nepomichene, Sanjiarizaha Randriamaherijaona,
Sébastien Boyer, Romain Girod

Institut Pasteur of Madagascar, Antananarivo, Madagascar

Knowledge on malaria transmission characteristics in a given area is critical
for efficient malaria control guidance. Data on malaria transmission in

the Malagasy Highland Fringes (MHF), where mosquito bed-nets are
deployed as the primary vector control strategy, is scarce. Entomological
data were collected in three sites, three times a year from 2014 to 2016.

Field investigations were fitted to the period before, during and after

the usual malaria transmission peak. For each survey, mosquitoes were
collected hourly by human landing catch from dusk to dawn. During

three consecutive nights, five houses per site were sampled indoors

and outdoors. Human Biting Rates (HBR) and sporozoite index (SI) were
calculated. A total of 2,585, 1,503 and 4,528 Anopheles were collected

in Ihosy, Maevatanana and Tsiroanomandidy, respectively. In lhosy, An.
arabiensis was the most abundant vector (70.6%) while in Maevatanana it
was An. coustani (17.2%) and An. gambiae (15.6%). In Tsiroanomandidy,
An. coustani (36.3%) and An. arabiensis (30.4%) were the most abundant
vectors. Nightly 12h collections showed that in lhosy, An. arabiensis was
actively biting outdoors (75.0%), with a peak of activity around midnight.
In Maevatanana and Tsiroanomandidy, malaria vectors were actively biting
outdoors too (>60.0%) but did not show a clear biting peak. In Ihosy,

the highest HBR for An. arabiensis was observed in February, before the
transmission peak. In Maevatanana and Tsiroanomandidy, the highest HBR
for An. coustani was observed in April during the transmission peak. In
lhosy, the Sl value of An. arabiensis was 0.38% while in Maevatanana and
Tsiroanomandidy, the Sl value of An. coustani were 0.39% and 1.70%,
respectively. These results on malaria vector abundance and behavior could
explain the persistence of malaria transmission in the MHF areas. Due

to the observed exophagic behavior of these vectors, additional control
measures should be explored to reduce the malaria burden. In light of its
abundance, the possible role of An. coustani as a primary malaria vector in
the MHF should be further investigated by integrating studies on its vector
competence.

THE FEEDING ECOLOGY OF AEDES ALBOPICTUS ON LONG
ISLAND, NEW YORK

Kara M. Fikrig, Laura C. Harrington
Cornell University, Ithaca, NY, United States

The Asian tiger mosquito, Aedes albopictus, is one of the most invasive
species in the world and is an important vector of more than 20 viral
pathogens, including dengue and Zika viruses. In the Northeastern USA,
Ae. albopictus is expanding its range and is now detected in New York
through the Hudson River Valley. Unfortunately, there is limited knowledge
of the feeding ecology of the species in this new context, which is critical
to understanding local disease transmission and optimizing control
strategies. This study investigates both the blood feeding and sugar
feeding tendencies of Ae. albopictus in rural and urban settings in Long
Island. Mosquitoes were collected using a combination of vegetation
aspiration, resting boxes and BG-sentinel traps. Blood meals were
identified to species and host populations were enumerated to calculate
forage ratios and infer host preference and feeding plasticity, the extent
of which is highly variable in the published Ae. albopictus literature. Sugar
feeding of non-engorged female and male mosquitoes was tested using
three different methods: 1) cold anthrone to detect all sugar feeding 2)
thin layer chromatography to detect secondary metabolites unique to
honeydew feeding and 3) cellulose staining of gut to detect plant tissue
feeding. Structural equation modeling was conducted to determine

the correlation between the proportion of sugar positive mosquitoes
collected with plant species in bloom, vegetation density, temperature,
humidity, and precipitation. This provides valuable information because
little is known about the sugar feeding habits of Ae. albopictus, despite
on-going drives to develop attractive toxic sugar baits to control this
species. Together, the two main components of this study will give a
comprehensive picture of the adult feeding ecology of Ae. albopictus on
Long Island and will inform local mosquito control departments about
disease transmission risk and avenues for control.
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IDENTIFICATION OF MOSQUITO BLOOD SOURCE USING MID-
INFRARED SPECTROSCOPY

Emmanuel P. Mwanga, Doreen J. Siria, Salum A. Mapua, Halfan
S. Ngowo, Fredros O. Okumu

Ifakara Health Institute, Dar es salaam, United Republic of Tanzania

Identification of mosquito blood meals is essential for monitoring
vectorial capacities and overall importance of these mosquito species in
transmission of human pathogens. Currently, for the best approaches for
mosquito blood meal identification involve either ELISAs or PCR, both

of which are time consuming, expensive, laborious and require many
reagents. However, non-molecular techniques such as infrared technology
are promising alternatives. Near-infrared spectroscopy has already been
proven to detect mosquito age and parity status, but the mid-infrared
spectra offers greater resolution for such analyses. We used mid-infrared
spectroscopy combined with statistical regressions to identify blood

meal sources of laboratory-reared mosquitoes Anopheles gambiae s.s.
mosquitoes, which had fed directly on either humans, bovine, chicken or
goat blood. Blood fed mosquitoes were anesthetized using chloroform and
preserved dry in silica gel. A partial least square regression (PLS) method
was used to analyze the spectra and predict the unknown samples. The
data set was divided into two; a training set with 120 samples, and a test
set with 30 samples for each PLS model. Four PLS models, one for each
blood meal source, were developed, where human blood meals were
compared against: bovine, chicken, goat or all the three hosts together.
From the initial results, the human vs. bovine model had overall prediction
accuracy of 88.3%, human vs. chicken gave 93.3%, human vs. goat gave
88.3%, and human vs. other hosts gave 83.3 accuracy. Our preliminary
conclusion is that approach has greater potential for high-throughput
determination of mosquito bloodmeals in field surveys. Once fully
calibrated, it could vastly improve studies on human-vector interactions
and malaria epidemiological surveys, as it is easy to use, cost and time
efficient.

PUPAL PRODUCTIVITY OF LARVAL HABITATS OF AEDES
AEGYPTIIN MSAMBWENI, KWALE COUNTY KENYA

Francis M. Mutuku’, Alawih S. Mwakutwaa', Harun N. Ngugi?,
Bryson A. Ndenga3, Uriel D. Kitron*, A. Desiree LaBeaud®

"Technical University of Mombasa, Mombasa, Kenya, 2Chuka University,
Chuka, Kenya, ’KEMRI, Kisumu, Kenya, “Emory University, Atlanta, GA,
United States, *Stanford University, Stanford, CA, United States

Dengue is endemic in Kenya with recent studies suggesting continuous
low transmission year round. Frequent outbreaks occur, especially on

the coast. Aedes aegypti, the primary dengue vector in Kenya, breeds
predominantly in water storage containers and discarded tires. We
estimated habitat-specific pupal productivity of Ae. aegyptiin a south
coastal Kenyan village. A total of 78 different water storage containers
and discarded tires were inspected daily for Ae. aegypti larvae and pupae
for 30 days. Containers were categorized as drums, tires, pots, small
domestic containers (SDC) or ‘others’. Small domestic containers (SDC)
included small plastic food containers, tins, bottles, plates, cans, cooking
pots (sufuria) and jars. ‘Others’ included; buckets, jerrycans, polythene
bags, fallen leaves, coconut shells, hoof prints, drains, gutters, septic
tanks, shoes, cisterns, sinks and animal feeding containers (AFC). Water
management behavior including container covering, uses, filling and
emptying, and habitat characteristics including size and movability were
recorded. Overall, drums and tires were the most productive habitats
accounting for 83% of all pupae collected. A poisson regression analysis
showed that compared to SDC, the risk of finding pupae was 18% higher
in drums, but comparable for the other habitats types. Pupae were more
abundant in containers that were larger (15%), were stable (17%), and
those that contained water with no particular purpose (60%). In the
absence of an effective antiviral and vaccine, control of the immature
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mosquitoes remains the most viable prevention method. Vector control
interventions targeting primarily drums and tires in the study region could
likely produce a positive impact on local dengue transmission.

EARLY AND LATE NIGHT HUMAN LANDING PERIODICITY OF
AEDES AEGYPTI FEMALES IN URBAN AND RURAL SITES IN
KENYA

Bryson A. Ndenga', Francis M. Mutuku?, Harun N. Ngug#, Joel
O. Mbakaya', Peter Aswani', Peter S. Musunzaji*, Dunstan N.
Mukokos, Uriel D. Kitrons, Desiree A. LaBeaud’

'KEMRI, Kisumu, Kenya, ?Technical University of Mombasa, Mombasa,
Kenya, 3Chuka University, Chuka, Kenya, *Vector Borne Disease Control
Unit, Ministry of Health, Msambweni, Kenya, *Vector Borne Disease
Control Unit, Ministry of Health, Nairobi, Kenya, °Emory University,
Atlanta, GA, United States, ’Stanford University, Stanford, CA, United
States

Aedes aegypti, the main vector for yellow fever, dengue, chikungunya and
Zika viruses, is generally known as a daytime biting mosquito. Hence, there
is scarcity of information about the extension of its biting activity into the
night. This study aimed to determine the extension of Ae. aegypti biting
activity into the early and late night hours in Kenya. Hourly human landing
catches were conducted quarterly for three consecutive days from 4:30
am to 9:30 pm, indoors and outdoors and rural and urban areas in Kenya
from June 2017 to March 2018. A total of 440 Ae aegypti mosquitoes
were collected: 134 (30.5%) in the morning hours whereas 306 (69.5%)
in the afternoon hours. Bi-modal biting activity was observed: the morning
peak started from 4:30 am (with the peak between 6:30 am to 7:30 am)
to 12:30 pm whereas the afternoon peak started from 12:30 pm (with
the peak stretching from 2:30 pm to 7:30 pm) to 9:30 pm. A total of

91 (20.7%) Ae. aegypti mosquitoes were collected at night (including
dawn and dusk): 24 (5.5%) from 4:30 am to 6:30 am and 67 (15.2%)
from 6:30 pm to 9:30 pm. Out of these, more mosquitoes were collected
outdoors (76, 83.5%) than indoors (15, 16.5%) and more mosquitoes
were collected in the urban site (77, 84.6%) than the rural site (14,
15.4%). The Ae. aegypti night blood seeking behaviour observed in this
study has epidemiological implications as it extends the period for the

risk of arboviruses like dengue and chikungunya transmission in Kenya.
Furthermore, appropriate vector control measures can be designed to
coincide with this extended Ae. aegypti night biting behaviour.

ABUNDANCE AND BEHAVIOR OF AEDES AEGYPTIIN TWO
CITIES WITH HIGH TRANSMISSION OF ZIKA AND DENGUE IN
ECUADOR

Leonardo D. Ortega-Lopez', Emilie Pondeville?, Alain Kohl?,
Renato L. Leon-Villalba?, Mauro V. Pazmino?, Sergio Torres?,
Heather Ferguson'

'Institute of Biodiversity, Animal Health and Comparative Medicine,
University of Glasgow, Glasgow, United Kingdom, ?Centre for Virus
Research, University of Glasgow, Glasgow, United Kingdom, Laboratorio
de Entomologia Medica y Medicina Tropical, Universidad San Francisco
de Quito, Quito, Ecuador, *School of Engineering, University of Glasgow,
Glasgow, United Kingdom

Aedes aegypti is the main mosquito vector of the three viral diseases of
high burden in the Americas: Zika, Dengue and Chikungunya. Vector
control remains the primary control strategy for these diseases, but

the deployment of such strategies is hampered by the lack of robust
surveillance data on mosquito vector abundance, behavior and infection
rates within major Foci of transmission. The recent outbreak of Zika
throughout South America highlighted the urgent need for such data,
particularly in outbreak settings outside of Brazil where knowledge of local
vector ecology is limited. This study aimed to tackle this knowledge gap by
investigating the ecology and virus infection rates within 2 cities that were
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substantial Foci of Zika transmission in Ecuador: Quinindé and Portoviejo.
Starting in November 2016, an 8-month longitudinal study was conducted
to characterize the abundance, habitat preferences and viral infection rates
in Ae. aegypti populations within urban and suburban areas. Mosquito
samplings were carried out at the intra and peri-domestic areas with BG
sentinel traps and Prokopack aspirators. Ae. aegypti was significantly more
abundant in Portoviejo than in Quinindé. Mosquito preference for resting
sites greatly differed between the two cities: in Portoviejo, mosquitoes
tended to be six times more abundant inside than outside houses; while

in Quinindé, indoor and outdoor abundance of resting mosquitoes was
very similar. There were no significant differences in mosquito abundance
between urban and suburban areas from both cities, which denotes the
importance to carry out surveillance control in suburban areas as much as
it is currently being done in urban areas. Preliminary results from molecular
analysis confirms the presence of Zika and Dengue virus in Ae. aegypti

in both urban and suburban areas. These results provide a clear picture

of how mosquito ecology is different in two cities with high arbovirus
transmission rates within the same country. Therefore, we highlight the
importance that arbovirus prevention and vector control programmes
should be adjusted to the local conditions.

ACCEPTANCE AND WILLINGNESS-TO-PAY FOR ARBOVIRUS
VACCINES IN GUATEMALA: A CROSS SECTIONAL SURVEY IN
RURAL GUATEMALA

Daniel Olson’, Anne-Marie Rick?, Steven Krager', Molly M.
Lamb3, Edwin J. Asturias’

"University of Colorado School of Medicine, Aurora, CO, United States,
2University of Colorado Center for Global Health, Aurora, CO, United
States, *University of Colorado School of Public Health, Aurora, CO, United
States

Arboviruses including dengue (DENV), chikungunya (CHIKV) and Zika
(ZIKV) cause significant morbidity in Latin America. With multiple arbovirus
vaccines in development, better understanding of community attitudes
and acceptability for these vaccines is needed. In September 2016, a
cross-sectional survey assessed arbovirus knowledge, attitudes, vaccine
demand and willingness to pay (WTP) at the conclusion of a DENV/
norovirus surveillance study in a rural Guatemalan community with high
arbovirus endemicity. Factors associated with vaccine demand and WTP
were assessed with regression analysis. Among 564 surveyed households,
DENV knowledge was high. There was high concern for all three
arboviruses, particularly CHIKV. Overall vaccine attitudes were positive
with <5% identifying significant barriers to, doubting or refusing previous
vaccination. At 50% and 75% efficacy, 75% and 88% of respondents
wanted arbovirus vaccines, respectively. DENV vaccine demand at 50%
efficacy was associated with increased housing density, non-health-post
vaccination location, older children and medical source for information.
For each vaccine, 52-55% of respondents were WTP $0-$3.40, while 16-
17% were WTP >$6.81. WTP at $3.40 and $6.81 levels for all vaccines
was associated positively with parental education but negatively with
good dengue knowledge. History of purchasing and identifying barriers
to vaccines were associated with WTP > $6.81. In conclusion, demand for
potential DENV, CHIKV, ZIKV vaccines is high at 50% and 75% efficacy

in this Guatemalan community. Associated factors could be leveraged to
optimize arbovirus vaccine implementation. Overall low WTP suggests
government subsidization may be necessary in resource-poor regions,
though a small private market may be supported.

PHOSPHORYLATION OF VEEV CAPSID IS REGULATED BY PP1
AND PKC

Brian D. Carey', Chelsea Pinkham', Tatiana Ammosova?, Sergei
Nekhai?, Kylene Kehn-Hall'

'George Mason University, Manassas, VA, United States, ?Howard
University, Washington, DC, United States

Venezuelan equine encephalitis virus (VEEV) is an arthropod borne New
World alphavirus. It can cause disease in humans and is characterized by
a febrile illness that may progress into encephalitis. The capsid protein

of VEEV is a structural protein that binds to the vVRNA and interacts with
the membrane bound glycoproteins. Capsid has auto-proteolytic activity
during translation as well as several non-structural roles during the
course of infection. Here we demonstrate that capsid phosphorylation is
mediated by the host phosphatase Protein Phosphatase 1a (PP1a) and
the host kinase Protein Kinase C delta type (PKC8). Inhibition of PP1a
causes decreased viral titers starting at 8 hours post infection. Confocal
microscopy showed that PP1a appears to colocalize with capsid and

this relationship is confirmed through co-immunoprecipitation. Mass
spectrometry showed that capsid protein is phosphorylated on T93, T108,
S124, and T127. Co-immunoprecipitation confirmed the phosphorylation
status of capsid and that dephosphorylation by PP1a. is necessary for
capsid:vRNA binding. In an effort to identify the kinase responsible for
this phosphorylation, phosphorylation site prediction software suggests
that a member of the PKC family of kinases is responsible for the
phosphorylation event. Furthermore, PKC3, but not other PKC family
members, co-immunoprecipitates with VEEV capsid whilst chemical
inhibition or siRNA knockdown of PKC8 causes a decrease in viral titer.
Finally, in cells transfected with the VEEV structural polyprotein and treated
with the PKC3 inhibitor, Rottlerin, there is less phosphorylation of VEEV
capsid compared to the solvent control. These data suggest that PKC3 is
potentially the kinase that is responsible for the phosphorylation of capsid.
Further studies are being performed to confirm this hypothesis as well as
to determine the importance of phosphorylation during VEEV infection.
These data indicate that the phosphorylation status of VEEV capsid is
important during infection and that inhibition of capsid phosphorylation
could be a potential target for therapeutics and vaccine development.

PROBABLE INTRADOMICILIARY TRANSMISSION OF
CHIKUNGUNYA VIRUS DURING THE 2015 OUTBREAK IN
YUCATAN, MEXICO

Nina Mendez, Yaseth Coba-Canto, Anamaria Alonzo-Ancona,
Belem Chan-Canche, Manuel Aranda-Guardia, Martin Inurreta-
Diaz

Universidad Marista de Merida, Merida, Mexico

In the second half of 2015, a chikungunya outbreak took place in Yucatan,
Mexico with over 1600 laboratory-confirmed cases. Chikungunya is
primarily a mosquito-borne disease but can also be transmitted mother-
to-child in pregnant women. Our aim in this study was to determine the
probable intradomiciliary transmission of chikungunya and which age
group and gender was most affected. We conducted a verbal survey of

all patients (or their parents in the case of minors) at the O'Horan general
hospital who had a clinical diagnosis of chikungunya fever between July-
December 2015. The survey included questions about travel, daily mobility,
exposure and contact with the vectors inside the household (as a proxy

for probable intradomiciliary transmission), and cohabitation with infected
individuals within a ten-day-period prior to the onset of symptoms. 803
patients were diagnosed with chikungunya at the O’Horan hospital and

all of them completed the survey (participation 100%); 59% were female.
Median age was 23.3 (range:1-77) years-old, while 751 (93.5%) reported
spending most of the day inside their homes along with the presence of
mosquito vectors inside their houses or yards. 239 (30%) mentioned that
they cohabitated with a relative who had chikungunya <10 days prior
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to their infection, of them, 215 (90%) were housewives who reported
having taken care of a chikungunya infected relative. Female adults

aged 20-44 were the most frequently affected group (n=151, 19%). In
conclusion, Probable intradomiciliary transmission accounted for 30%

of chikungunya infections in this study population. Women aged 20-44
were the most affected group in this study population. Mosquito-borne
prevention campaigns in endemic regions could emphasize the importance
of preventing mosquito bites and isolation of infected individuals in the
household. We utilized the Epidemiologic chikungunya surveillance survey
developed at O'Horan General Hospital in Merida, Mexico as a data
source.

AN OUTBREAK OF CHIKUNGUNYA: TRACKING THE EPIDEMIC
THREAT IN SALVADOR, BRAZIL

Laura B. Tauro', Cristiane W W. Cardoso?, Raquel Lima?, Leile

C. Nascimento?®, Daniela Rodrigues dos Santos?, Gubio Soares
Campos?, Silvia Sardi®, Oliveti Borba dos Reis?, Mitermayer G. Reis?,
Uriel Kitrons, Guilherme S. Ribeiro?

'Instituo Nacional de Medicina Tropical, Puerto Iguazu, Argentina,
2Secretaria Municipal de Saude de Salvador, Salvador, Brazil, *Fiocruz-BA,
Salvador, Brazil, “Faculdade de Farmécia, Universidade Federal da Bahia,
Salvador, Brazil, ®Instituto de Ciéncias da Saude, Universidade Federal da
Bahia, Salvador, Brazil, ®Emory University, Atlanta, GA, United States

In Salvador, Bahia, the most common arboviruses are Dengue (DENV),
Zika (ZIKV) and Chikungunya (CHIKV), although others, such as Yellow
fever (YFV), Oropouche (OROV) and Mayaro (MAYV), which can also cause
acute febrile illness are expanding their distribution in Brazil. As part of

a study of the changing arboviruses scenario in Salvador, we conducted
an investigation of 50 reported cases of febrile patients with signs and
symptoms compatible with arboviral infections in a poor neighborhood in
northeast Salvador between April 15 and June 25, 2017. Blood samples
were collected from 45 of the 50 cases; 17 were tested by RT-PCR for
CHIKV, ZIKV, DENV, YFV, OROV and MAYV, 45 by ELISA IGM for CHIKV,
and 31 by ELISA IgM for DENV. Chikv infection was detected in 70%
(35/45) of the cases by RT-PCR (8) or ELISA IgM (27). Half (51%) were male
(mean age 32 years). Clinical disease was mild and self-limiting in most
cases, not requiring hospitalization. All positive cases presented myalgia,
most reported pain in multiple joints and about half developed pruritus
and rash. Sequencing revealed that the CHIKV strain responsible for the
outbreak belonged to the ECSA genotype, and grouped phylogenetically
with the strain isolated from humans in Bahia during the 2015 outbreak
and from Ae. aegypti and humans in 2016 in several Brazilian states.
DENV IgM was detected only in 3 cases, of which 2 also presented CHIKV
IgM. A total of 125 adult mosquitoes were aspirated inside houses of 21
cases, with Cx. quinquefasciatus being the most abundant (79.2%; 69,7.
female) followed by A. aegypti (20.8%; 30.8% female). Mosquitoes were
tested by RT-PCR, and all were negative for arboviruses. With the current
epidemiological scenario in Brazil, investigations of arboviral outbreaks
presents a serious public health challenge due the similar clinical symptoms
associated with infection. This , complicates epidemiologic surveillance,
as well as potential control strategies. In our study, we detected a new
outbreak by CHIKV ECSA genotype in a slum community in the periphery
of Salvador, showing that four years after the introduction of CHIKV in
Brazil, its epidemic potential remains high.

A NOVEL QUANTITATIVE PCR ASSAY FOR THE DETECTION
OF ROSS RIVER VIRUS

Rebecca A. Kuzma', Jessica R. Grant', Nils Pilotte?, Leon Hugo?,
Gregor Devine3, Colleen Lau?, Steven A. Williams'

'Smith College, Northampton, MA, United States, University of
Massachusetts Amherst, Amherst, MA, United States, >QIMR Berghofer
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Medical Research Institute, Brisbane, Australia, “Australian National
University, Canberra, Australia

With over 5,000 infections annually, Ross River virus (RRV) is the most
common mosquito-borne disease in Australia. RRV is a mosquito-borne
alphavirus endemic to Australia, Papua New Guinea, and parts of the
South Pacific. Symptoms of RRV infection include fever, fatigue, and
debilitating polyarthritis that is known to persist for long periods of

time. RRV is transmitted by a broad range of mosquito vectors, with
laboratory transmission confirmed in at least ten species of Aedes and
Culex mosquitoes. In the absence of any comprehensive diagnostic tests
and appropriate testing facilities, RRV was believed to be maintained

in zoonotic cycles of transmission involving macropod marsupials. The
1979-80 outbreak of RRV infection in the Pacific and the availability of
comprehensive diagnostic facilities in Australia, provided strong evidence
for cycles of human-mosquito-human transmission without a requirement
for intermediate vertebrate hosts. The re-appearance of RRV transmission
in Fiji and the large human population born since the 1979-80 outbreak
(and so susceptible to RRV infection) highlights the need for a sensitive
and specific surveillance system able to detect future outbreaks of RRV
infection in this region. To this end, we have designed and validated

a real-time quantitative polymerase chain reaction (RT-qPCR) assay

that specifically detects RRV at high sensitivity, and differentiates RRV
from other alphaviruses, including the genetically similar Getah virus.
Mosquitoes and mosquito fecal/excreta samples collected during an
ongoing field study in American Samoa were screened for RRV using this
assay in order to further validate the use of this screening method in the
surveillance of RRV in endemic regions. Our results support the use of this
assay for the detection of RRV at low viral concentrations in mosquito
vectors through the use of our molecular xenomonitoring platform.

INVESTIGATION OF IN VITRO INFECTIVITY OF CHIKUNGUNYA
IMMATURE VIRUS PARTICLES IN MAMMALIAN AND INSECT
CELL LINES

Danillo L. Esposito, Benedito A. Fonseca
Universidade de Sao Paulo, Ribeirao Preto, Brazil

The recent worldwide outbreak caused by chikungunya virus (CHIKV;
Alphavirus, Togaviridae) has shown that despite being first isolated in

the 1950s, this infection still has several points to be elucidated, not only
regarding the correct diagnosis but also the treatment and prevention

of this disease. This virus, in spite of a short viremia produces a disease
characterized by high fever, myalgia, rash and arthritis/arthralgia; the latter
may persist for months or years, causing a major public health impact.
The aim of this work was to characterize the immature virus particles of
CHIKV, addressing both structural and infectious aspects in both insect and
mammalian cells. Immature particles were produced in LoVo cells, which
lacks furin activity, necessary for viral maturation. Electron microscopy has
shown that immature particles are significantly larger than mature virions
(in average, 120 and 75nm, respectively). Mammalian (Vero, Hela and
LoVo) and insect (C6/36) cells were infected at a multiplicity of infection
of 0.1 with both immature and mature particles, supernatants were
collected at different times post-infection and titrated by plague assay in
Vero cells. Despite presenting a delay in replication, immature particles
infected the cells, with the exception of the LoVo lineage, probably due
to furin deficiency, reaching viral load values similar to those of mature
particles. The presence of viral progeny in LoVo cells was only observed
when infected with mature particles and the viral load decreased as the
infection progressed. These results demonstrate that, different from what
was previously believed, immature particles can infect cells and probably
cause a disease, but the success of this infection is dependent on the furin
protease.
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INVESTIGATING THE EFFECTS OF CHIKUNGUNYA IMMUNITY
ON MAYARO VIRUS DISEASE AND EPIDEMIC POTENTIAL IN
THE NEW WORLD

Emily M. Webb', Sasha Azar?, Sherry L. Haller?, Huanle Luo?,
Kenneth S. Plante?, Grace Leal?, Tian Wang?, Scott C. Weaver?,
Shannan L. Rossi?, Albert J. Auguste!
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Mayaro virus (MAYV) and chikungunya virus (CHIKV) are evolutionarily
closely related members of the Semliki Forest virus antigenic complex.
Similar to CHIKV, MAYV causes an acute febrile illness that can include
debilitating, and often persistent arthralgia. MAYV emergence is typically
sporadic and geographically restricted, but recent outbreaks and isolations
indicate the virus remains a public health concern. Given the disease
similarities and the phylogenetic and serological relationship between
these viruses, we hypothesize that prior CHIKV immunity may affect
MAYV pathogenesis and epidemic potential. To this end, we pre-exposed
immune-competent (C57/B6J) and immune-compromised (A129) mice to
wild-type CHIKV, two CHIKV vaccines (CHIKV/IRES and EILV/CHIKV), and

a live-attenuated MAYV vaccine (MAYV/IRES), and then challenged with
MAYV. We observed strong cross-protective effects against MAYV disease
for mice pre-exposed to wild-type CHIKV, and moderate but significantly
less cross-protection in CHIKV/IRES vaccinated mice. Interestingly, EILV/
CHIKV vaccination resulted in enhancement of MAYV disease; however,
further studies are warranted to investigate the mechanism underlying this
singularity. Immunity to other alphavirus and flavivirus controls provided
no protection against MAYV disease or viremia, suggesting the observed
cross-protection between MAYV and CHIKV is a result of the close
evolutionary relationship between these viruses and not the result of a
non-specific immune response to a subsequent viral infection. Mechanistic
studies suggest neutralizing antibodies alone can facilitate protection
from development of MAYV viremia, but T-cells have a cumulative effect
for diminishing MAYV disease. Further experiments such as adoptive
transfers are being conducted to determine the degree of cell-mediated
cross-protection in C57/B6J and A129 mice. In summary, our data suggest
CHIKV immunity may impact the epidemic potential of MAYV and possibly
reduce associated disease.

RE-EMERGENCE OF CHIKUNGUNYA VIRUS IN COASTAL
KENYA 2017-2018

Victor O. Ofula, Albert Nyunja, Samson Limbaso, Samuel Owaka,
Edith Koskei, Hellen Koka, Fredrick Eyase, James Mancuso,
Rosemary Sang

US Army Medical Research Directorate Kenya, Nairobi, Kenya

Chikungunya virus is an alphavirus which belongs to the Togaviridae
family; it's transmitted by Aedes aegypti mosquitoes. It causes chikungunya
fever, a febrile condition associated with severe joint and muscle pains,
fever and headaches. Between 2004 and 2005, Kenya experienced its first
outbreak of Chikungunya in Lamu County at the coastal region with over
13,500 cases. Since then, passive surveillance had not shown circulation
of the virus. In mid-December 2017 the Arbovirus/VHF laboratory at
KEMRI received eight serum samples from hospitals in Mvita and Kisauni
sub-counties in Mombasa. After testing for different arboviruses, the
results showed that 6/8 were positive for Chikungunya, 5/8 by RT-PCR
and 1/8 by IgM ELISA. In January 2018, a team from KEMRI was sent to
Mombasa to conduct further investigations to determine the magnitude
of the chikungunya outbreak. Hospital visits were made and patients
selected based on their clinical presentations. Any patient presenting with
sudden onset of fever, headache muscle and joint pains was considered
for sample collection. A total of 239 human blood samples were collected
from various hospitals in the six sub counties of Mombasa, and shipped

to Nairobi for testing. Samples were also received from different parts of

the coastal Kenya including Lamu, Taita Taveta and Kilifi, leading to a total,
361 human samples being collected. Of these samples 191/361 (53%)
were female patients while the age range was from 6 months to 73 years.
The samples were processed and tested using RT-PCR for Alphaviruses

and Flaviviruses. In total, 138 out of 361 (38.2%) tested positive for
Chikungunya virus. Likoni sub-county had the highest positivity at 55.3%
followed by Mvita sub-county with 48.4%. These findings show that
chikungunya virus was the cause of the outbreak, and that it's reemerging
in the coastal Kenya after more than a ten year lull. Results showed that
38.2% who were positive for chikungunya were within the viraemic phase
of the disease. Community awareness campaigns on the public health
effects of the virus and preventive measures including vector control need
to be instituted to prevent future outbreaks.

MOLECULAR EPIDEMIOLOGY OF CHIKUNGUNYA VIRUS
FROM ECUADOR DEMONSTRATES TWO INTRODUCTIONS
IN 2013 AND THE E1-K211E MUTATION, SUGGESTING
PRESENCE OF ENHANCED FITNESS TO AEDES AEGYPTI

Irina Maljkovic Berry', Anna M. Stewart-lbarraz, Wiriya
Rutvisuttinunt', Efrain Beltran-Ayala3, Katherine Figueroa’,
Abhinaya Srikanth', Washington B. Cardenas?, Cinthya Cueva?,
Mark Polhemus?, Sadie J. Ryan®, Timothy P. Endy?, Richard G.
Jarman’

"Walter Reed Army Institute of Research, Silver Spring, MD, United
States, 2SUNY Upstate Medical University, Syracuse, NY, United States,
3Universidad Técnica de Machala, Machala, Ecuador, “Escuela Superior
Politecnica del Litoral, Guayaquil, Ecuador, *University of Florida,
Gainesville, FL, United States

Chikungunya virus (CHIKV) was first reported in the Americas in 2013,
and by the end of 2014 the first cases were described in Ecuador. In
Ecuador, Ae. aegypti is the primary vector of CHIKV; the presence of Ae.
albopictus has not been officially reported in the country. Here, CHIKV
positive samples were first detected in 2015 from an active surveillance
study in Machala, Ecuador, and viral genomes from a subset of the positive
samples were sequenced. The 25 full genomes from Ecuador were aligned
to all publicly available CHIKV full genomes and a maximum likelihood
phylogenetic analysis revealed that they belonged to the Asian lineage

of CHIKV. Unsurprisingly, the Ecuadorian genomes clustered within the
American sub-lineage. Here, the genomes from Ecuador were found

in two well-separated clades. One clade was most closely related to a
virus sampled in 2014 in Panama, and the other one to viruses from

USA and Nicaragua, sampled in 2014 and 2015. This suggested two
separate introductions of CHIKV into Ecuador. TreeTime analyses revealed
that both these introductions happened around the same time, Aug-

Oct 2013, suggesting that once CHIKV arrived in this region, it flowed
into Ecuador from several different geographical locations. All genomes
from Ecuador, like the most of the Asian lineage genomes, did not have
any Ae. albopictus adaptive mutations. Instead, they possessed the E1-
A98T mutation, which restricts positive selection of the Ae. albopictus
adaptive E1-A226V substitution, thereby hampering the emergence of
enhanced infection within this vector. However, genomes from Ecuador
had E1-K211E mutation, which induces enhanced fitness to Ae. aegypti.
It remains to be seen how these mutations affect CHIKV adaptation and
spread, highlighting the importance of continued surveillance in this
region, especially as Ecuador appears to be vulnerable to import of CHIKV
from several different locations.
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DYNAMIC SPATIOTEMPORAL FEATURES OF EPIDEMIC ROSS
RIVER VIRUS IN SOUTH EAST QUEENSLAND, AUSTRALIA

Amanda Murphy', Wenbiao Hu?, Cassie C. Jansen?, Francesca D.
Frentiu?, Gregor J. Devine'

'QIMR Berghofer Medical Research Institute, Brisbane, Queensland,
Australia, ?Queensland University of Technology, Brisbane, Queensland,
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Ross River virus (RRV) is responsible for the most widespread and
frequently reported mosquito-borne disease in Australia. The virus
transmission dynamics are complex, involving multiple vector and host
species. Despite regular outbreaks across varied ecological settings

of Australia, as well as Pacific Island countries, the factors which

drive transmission risk are largely unknown. This study investigated
spatiotemporal influences on changing RRV epidemiology across three
major cities of South East Queensland (SEQ) where a large outbreak
occurred in 2015: Brisbane, Gold Coast and Sunshine Coast. Notification
data for Ross River virus in SEQ were obtained from the Queensland
Department of Health for the years 2001-2015. Spatiotemporal and time
series seasonal decomposition methods were employed to compare the
distribution of RRV incidence in the three regions. RRV cases were found
to persist across all seasons and years, with peak incidence occurring in
the autumn months: March in Brisbane, and April in both Gold Coast and
Sunshine Coast. Among the three areas, the highest annual incidence
rates were consistently observed in Sunshine Coast, with a mean annual
incidence rate of 73/100,000 (range: 33-149), followed by Brisbane
(39/100,000; range: 15-134) and Gold Coast (33/100,000; range: 11-117).
RRV spatiotemporal patterns were highly variable in each location across
the years, and between coastal and inland suburbs. Our findings indicate
that although RRV disease is strongly seasonally-influenced in SEQ, the
specific influences on disease occurrence likely vary at the local level,
including the density and distribution of both vectors and vertebrate hosts
(human and animal), as well as the role of built and natural environments.
This study uses spatiotemporal analysis of human notifications as a
baseline, with a view to further assessing the ecological drivers of disease
risk.

INDIVIDUAL AND CONTEXTUAL RISK FACTORS FOR
CHIKUNGUNYA VIRUS INFECTION ON REUNION ISLAND: A
MULTI-LEVEL MODELLING STUDY

Christophe Valingot', Adrian Fianu?, Cyril Ferdynus?, Vincent
Herbreteau®, Nadége Naty', Francois Favier', Olivier Maillard®,
Bertrand Sudres, Laetitia Huiart’, Patrick Gérardin?
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1187, IRD 249), Saint Pierre/Sainte Clotilde, Réunion

Vector borne diseases are driven by multiple individual and contextual
factors - which are often analyzed separately. Previous studies on
chikungunya risk factors have highlighted the importance of the
environment. We used multilevel modelling to investigate the importance
of context during a chikungunya epidemic while taking into account
both individual and contextual level risk factors. We explored a dataset
of 2,242 subjects from a serosurvey conducted in La Réunion completed
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with spatialized aggregated data at infra-communal (IRIS) level including
sociodemographic and climate variables. The importance of context

was estimated using the Median Odds Ratio (MOR), the interval Odds
Ratio (80% IOR) and the Sorting Out Index (SOI), three indicators used in
social epidemiology. Risk factors for chikungunya were identified using
mixed-effect (random intercept) logistic regression models, to disentangle
contextual and compositional effects (i.e., the possible correlation

of individual observations within a same spatial unit). Our multilevel
analysis revealed no substantial compositional effect but confirmed the
importance of the environment in the risk of infection (MOR 1.57). The
most important contextual factors explaining spatial heterogeneity in
chikungunya prevalence were the maximum temperature of the month
before the infection (OR 3.39), the pluviometry of the preceding month
(OR 2.08), the altitude of dwelling <500m (OR 2.26), and the proportion
of individual residences >50% (OR 2.00). The pluviometry of the current
month (OR 1.71) and vegetation cover >40% (OR 1.36) contributed
slightly to the spatial heterogeneity as evidenced by 80% IOR and lower
SOl values. Individual factors identified after measuring contextual
heterogeneity were low education level (OR 1.93), unemployment (OR
1.47), living in an individual house (OR 1.86) or in a neighborhood

at risk (OR 1.37) and the absence of window screens (OR 1.57). This
study suggests the interest of using multiple data sources and multilevel
modelling for identifying chikungunya risk factors while helping the
understanding of contextual heterogeneity of seroprevalence.

GENOMIC CHARACTERIZATION OF DENGUE VIRUS TYPE
2 FROM FEBRILE PATIENTS SEEN IN MALINDI DISTRICT
HOSPITAL, KENYA DURING THE 2017 DENGUE FEVER
OUTBREAK

Gathii Kimita
KEMRI/MRD-K, Kisumu, Kenya

Dengue virus (DENV) is a mosquito-borne Flavivirus and the etiological
agent of dengue fever (DF). It is the most important arbovirus-affecting
humans in terms of clinical cases and geographical expansion. The last

5 decades have seen an unprecedented increase in the number of DF
outbreaks in sub-Saharan Africa and Kenya in particular. In May 2017, the
coast province was hit by a DF outbreak that was characterized by severe
morbidity. In the present study we examine the DENV genomes associated
with this outbreak to determine their genotype and their genome
characteristics. Serum samples testing positive for DENV2 with PCR were
used to obtain the whole genome sequence. Total RNA was extracted
and reverse transcribed to cDNA for library preparation. The libraries were
then sequenced on the Miseq platform. Resulting sequence reads were
assembled and annotated in CLC Genomics Workbench v 8.5. Genome
alignments were conducted with the Muscle and phylogenies analyzed
with MrBayes v3.2 and MEGA v7. Complete polyprotein gene sequences
were assembled with a total length of 10,176 bp. These encoded a
typical DENV-2 polyprotein consisting of three structural proteins: capsid,
membrane glycoprotein precursor and envelope protein, as well as seven
nonstructural proteins, the NS1, NS2A, NS2B, NS3, NS4A, NS4B, and
NS5. The closest polyprotein gene homologues were DENV2 from India,
accession numbers (KY427084 and JX475906 isolated from Humans in
2010 and 2009 respectively) with 98% nucleotide identity. There was
minimal intra-strain sequence variation indicating the clonality of the
strains. Phylogenetic analysis revealed that the study strains clustered with
the Cosmopolitan DENV2 genotypes from Asia. This is the first description
of the complete polyprotein coding gene from DENV2 from Kenya. The
sequences contribute to understanding the epidemiology of DF outbreaks
in Kenya. The virus responsible for the 2017 outbreak was determined

to be DENV2 of the cosmopolitan genotype. More work is required to
understand the molecular differences between DENV that are detected
routinely in Africa and those detected during outbreaks.
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DENGUE VIRUS SEROTYPE-1 CIRCULATION IN NEPAL DURING
2016 OUTBREAK

Birendra Prasad Gupta
Tribhuvan University, Kathmandu, Nepal

Dengue is an emerging disease in Nepal. The objective of this study is

to present a comprehensive picture of the dengue outbreak in 2016

and to classify the prevailing serotypes. The demographic information

was collected along with the clinical evaluation of the patients. Serum
samples were collected from suspected dengue fever cases. The samples
from fever cases <7 days duration were tested for dengue NS1 antigen
employing Panbio (Australia) NS1 ELISA kit. Serum samples of >7 days
fever were tested for dengue-specific IgM antibodies by MAC ELISA test
kit. Serotyping of 1779 serum samples was done by dengue-specific
reverse transcriptase polymerase chain reaction (RT-PCR) followed by
nested PCR with serotype-specific primers. The number of dengue cases in
2016 clearly out-numbered the dengue cases in 2010-2013. The outbreak
occurred during June to November-2016 signifying increased disease
transmission in the monsoon and post-monsoon periods with a climax
during September. There were 3473 confirmed patients visited/ admitted
to hospital. The results showed that the affected patients were primarily
adults with a mean age (+ standard deviation) of 41.23 (+ 35.75) years.
The major clinical features of the patient were fever (100%), headache
(71.3 %), rashes (11.3%), retro-orbital pain (23.5%), vomiting (23.4%),
joint pain (32.1%) and thrombocytopenia (85.7%). Serotyping of 1779
serum samples confirmed the circulation of dengue virus type 1 in Nepal.
Our results suggest that the dengue outbreak in Nepal during 2016 was
predominantly due to dengue virus type 1 and there is a sudden shift in
dominant prevailing serotype of the virus from the 2013 epidemic. It is

an evidence of the circulation of serotype 1 after 2006 dengue episode in
Nepal. The government should take strict action to control the disease and
its vector to combat against an upcoming epidemic with severe outcomes.

LIMITING GLOBAL WARMING TO 1.5 DEGREES AND DENGUE
FEVER IN LATIN AMERICA

Felipe J. Colon-Gonzalez', lan Harris', Timothy J. Osborn’,
Christine Steiner Sao Bernardo?, Carlos A. Peres', Paul R. Hunter3,
lain R. Lake’

'School of Environmental Sciences, Norwich, United Kingdom,
2Universidade do Estado de Mato Grosso, Mato Grosso, Brazil, >Norwich
Medical School, Norwich, United Kingdom

At the Paris climate conference (COP21) in December 2015, governments
agreed to aim to keeping increases in global-mean temperature to well
below 2°C above pre-industrial levels, and to aim to limit it to 1.5°C.

It is believed that human health would largely benefit from limiting
global warming to 1.5°C compared against a business-as-usual scenario.
Whether this assumption is true, and what is the magnitude of the
associated benefits is fundamentally unknown. An understanding of the
potential public health impacts at different levels of warming is essential
for effective public health planning and decision-making. Here, we used
dengue in Latin America as a study case to predict the health benefits of
restricting global warming to 1.5°C. A climate-driven statistical dengue
model and five different global circulation models to represent a range
of global-mean temperature assumptions were used to this aim. We
demonstrate that future global warming is likely to significantly amplify
dengue transmission in Latin America if no action for limiting its effects
are taken. We project that limiting global warming to 2°C could reduce
dengue by about 3 (1-7) million cases annually towards the end of the
century compared with a business-as-usual scenario that warms by 3.7°C.
Assuming that global warming is further limited to 1.5°C, an additional
decrease in dengue cases of 1 (0-1) million per year is observed. We also
project that the geographical expansion of the disease towards areas
where incidence is currently low would be significantly lower undear a

scenario where global warming is limited to 1.5°C. Thus, constraining the
level of warming to 1.5°C would lead to significant public health benefits
for the region.

MOSQUITO SALIVA HAS PROFOUND EFFECTS ON THE
HUMAN IMMUNE SYSTEM

Megan B. Vogt', Anismrita Lahon', Alexander R. Kneubehl',
Azadeh Aryan?, Ravi P. Arya', Jennifer L. Clinton’, Brianne M. Hibl",
Zach N. Adelman?, Silke Paust’, Rebecca Rico-Hesse'

'Baylor College of Medicine, Houston, TX, United States, ?Virginia
Polytechnic Institute and State University, Blacksburg, VA, United States,
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Mosquitoes transmit viruses that collectively cause over 1 million

deaths each year. Not only are mosquitoes responsible for transmitting
these diseases, but mosquito saliva has also been shown to enhance
pathogenesis of several arboviruses (dengue, Zika, West Nile, etc) in
experimental mouse models by modulating the immune response away
from a Th1 (anti-viral) immune response and towards a Th2 (anti-parasite)
immune response. However, these mouse studies are unable to yield a
complete picture of how mosquito saliva affects the human immune
system. Therefore, we investigated how mosquito saliva affects humanized
NOD/SCID/IL-2y™ mice (huNSG mice), which are reconstituted with human
CD34+ stem cells to recapitulate the human immune system. Hu-NSG
mice were bitten by uninfected mosquitoes, and changes in immune

cell populations in multiple tissues at multiple timepoints compared to
unbitten controls were assessed using flow cytometry. Serum cytokine
concentrations were assessed via multiplex bead array. Mosquito saliva
alters the frequencies of natural killer T cells, CD4/CD8 double positive T
cells, regulatory T cells, monocytes, and macrophages. When analyzed in
conjunction with the cytokine results, these results indicate that mosquito
saliva caused a mixed Th1/Th2 immune response in human immune cells.
Th2 immune responses are known to inhibit aspects of Th1 (anti-viral)
immune responses and may contribute to enhanced viral pathogenesis in
infected animals. Next, we investigated how the mosquito salivary protein
sialokinin impacted the human immune response by exposing hu-NSG
mice to mosquito bites from sialokinin knockout mosquitoes. The results
showed a shift towards a Th1 immune response. Thus, the absence of
sialokinin may prevent mosquito saliva from initiating a Th2 response.
These studies are significant because they show that the mouse immune
response and human immune response to mosquito saliva are different
and highlight the importance of using appropriate models to study human
immune responses.

METABOLIC ACTIVITY AS A SURROGATE MARKER OF
IMMUNE CELL ACTIVATION FOLLOWING VACCINATION

Adam T. Waickman, Heather L. Friberg, Richard G. Jarman,
Jeffrey R. Currier

Walter Reed Army Institute of Research, Silver Spring, MD, United States

The identification and quantification of lymphocytes activated in response
to vaccination is a critical first step in characterizing the efficacy of any
candidate vaccine platform. Traditionally, this has been accomplished by
monitoring the upregulation of defined activation markers on circulating
lymphocytes by flow cytometry or by measuring the production of effector
cytokines following ex vivo stimulation. However, there is significant
variability in both the kinetics and magnitude of activation marker up-
regulation and cytokine production following stimulation, even within

the same type of lymphocyte. Therefore, traditional methodologies

for identifying activated lymphocytes may offer a significantly skewed
perspective on exactly which immune cells are responding to vaccination
or natural infection. Herein, we examine the utility of measuring the
metabolic activity of circulating lymphocytes as a marker of activation
following immunization with a live-attenuated dengue vaccine. Unlike any
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other marker, metabolic upregulation is a universal indicator of lymphocyte
activation which can be detected quickly after stimulation and persists
throughout the functional stage of an immune response. We observe
that assessing the metabolic activity of both in vitro and in vivo stimulated
human T cells is a high effective method for evaluating activation status
and identifying antigen-reactive clones. We further characterize and
contrast the functional and clonotypic diversity of viral-reactive T cells
identified by either conventional methodologies or metabolic parameters
using single-cell RNA sequencing. Collectively, these data suggest that
metabolic activity is a highly informative parameter of T cell functionality
that has multiple applications in the characterization of vaccine-elicited
immunity.

DECREASED INCIDENCE OF DENGUE, CHIKUNGUNYA,

AND ZIKA INFECTIONS IN CHILDREN THROUGHOUT BELO
HORIZONTE, BRAZIL: SURPRISING FINDINGS FROM A PILOT
PROJECT IN A REFERRAL EMERGENCY DEPARTMENT IN 2017

Michael J. Maurer’, Jose Ferreira?, Elysse Grossi-Soyster', Desiree
LaBeaud!

'Stanford University, Palo Alto, CA, United States, *Faculdade da Saude e
Ecologia Humana, Vespasiano, Brazil

Infections with chikungunya (CHIKV), dengue (DENV), and Zika (ZIKV)
viruses are a significant public health concern throughout Brazil, although
the true incidence and demographic drivers for disease transmission
remain to be fully described. This pilot project was created to establish a
baseline understanding of arboviral disease incidence in urban Brazil and
the major contributing factors to disease transmission. Patients aged < 13
years and >1 year were enrolled into the prospective study during January-
April 2017 in the emergency department of Hospital Odilon Behrens, a
large referral center in Belo Horizonte, Brazil. We enrolled patients based
on the inclusion criteria of fever plus one or more prominent symptoms of
arboviral infection. A blood sample was obtained from each patient and
was tested for ZIKV, CHIKV, and DENV RNA by RT-PCR. The patients and
their families also completed a questionnaire to obtain demographics and
information regarding disease transmission risk factors. A total of only 22
patients were enrolled in the study during the four months, a significant
drop in the incidence of suspected arboviral disease compared to prior
years. Of the 22 patients enrolled, zero tested positive for ZIKV, DENV,
and CHIKV by RT-PCR. While a drop in DENV infection was anticipated
due to an outbreak the 2 years prior to the study, this proved to be an
extraordinary reduction in the number of confirmed cases and suspected
arboviral infections during 2017. Such a drop is possibly due to improved
public health efforts, cross-protection between arboviruses, and improved
mosquito control. More research is required further elucidate the major
contributors to the decreased incidence of arboviruses throughout Brazil in
2017 compared to prior years.

LABORATORY INVESTIGATIONS OF DENGUE AND
CHIKUNGUNYA VIRUS INFECTIONS IN GHANA

Joseph H. Bonney', Esinam Agbosu', Takaya Hayashi?, Deborah
Pratt’, Shoji Yamaoka?, Samuel Dadzie', Eiji Ido?, Nobuo Ohta?
'Noguchi Memorial Institute for Medical Research, Accra, Ghana, ?Tokyo
Medical and Dental University, Tokyo, Japan

Dengue Virus (DENV) and Chikungunya Virus (CHIKV) are globally
important causes of human disease which constitute part of the known
arthropod-borne viruses (arboviruses). These viral agents co-circulate

with overlapping clinical symptoms in endemic areas. In Ghana there is

a dearth of data on DENV and CHIKV contrary to what pertains in other
parts of the world. Thus, the study seeks to identify and characterize DENV
and CHIKV and other endemic arboviruses in selected health facilities in
Ghana. Whole blood collected from eligible patients was investigated for
immunological markers, IgM and IgG by ELISA as well as the detection
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and amplification of viral nucleic acids if present. From April 2016 to
March, 2017, 513 clinical specimens were collected of which 60% were
females. Of the samples collected, 22.7% and 53.7% had anti-DENV IgM
and IgG antibodies respectively while 14.3% and 32.4% had anti-CHIKV
IgM and IgG antibodies respectively. No viral RNA has been detected for
both viruses by RT-PCR. Most clinical samples were received from the
Greater Accra and Ashanti regions. The proportion of anti-DENV IgM
positives in the Ashanti region was 10 times higher than in the Greater
Accra region while anti-DENV IgG positives was 3 times higher in Greater
Accra region. Therefore, there is a higher probability of a recent infection
of Dengue in the Ashanti region. There are significant differences in the
abundance ratio of anti-CHIKV IgM and IgG antibodies between the two
regions. These data indicate exposure to DENV and CHIKV and suggest
possible circulation of these and other arboviruses in the country which
may be contributing to febrile illnesses. There is the need for a nationwide
surveillance to identify the overall prevalence of DENV and CHIKV
infections.

FIELD-DEPLOYABLE PCR SYSTEM FOR RAPID DETECTION OF
DENGUE VIRUS INFECTION

Jih-Jin Tsai', Li-Teh Liu?, Ping-Chang Lin", Ching-Yi Tsai, Pin-Hsing
Chouw?, Yun-Long Tsai?, Hsiao-Fen Grace Chang?, Pei-Yu Alison Lee?
'Kaohsiung Medical University Hospital, Kaohsiung, Taiwan, ?Department
of Medical Laboratory Science and Biotechnology, College of Medicine and
Life Science, Chung-Hwa University of Medical Technology, Tainan, Taiwan,
3GeneReach Biotechnology, Taichung, Taiwan

Dengue virus (DENV) infection, a mosquito-borne disease, is a major
public health problem in tropical countries. Point-of-care DENV detection
with good sensitivity and specificity enables timely early diagnosis of
DENV infection, facilitating effective disease management and control
particularly at regions of low resource. POCKIT™ Dengue Virus Reagent
Set (GeneReach Biotech), a reverse transcription-insulated isothermal

PCR (RT-iPCR), is available to detect all four serotypes of DENV on the
field-deployable POCKIT™ system, which is ready for on-site applications.
In this study, analytical and clinical performances of the assay were
evaluated. The index assay did not react with 14 non-DENV human
viruses, indicating good specificity. Compared to the US CDC DENV-1-4
Real Time RT-PCR (gRT-PCR), testing with serial dilutions of virus-spiked
human sera demonstrated that the index assay had comparable detection
endpoints with the 4 serotypes separately. Excellent reproducibility was
observed among repeat tests done by six operators at three sites. In clinical
performance, 195 clinical sera collected around Kaohsiung city in 2012
and 21 DENV-4-spiked sera were tested with the RT-iiPCR and gqRT-PCR

in parallel. The 121 gRT-PCR-positive (11 DENV-1, 78 DENV-2, 11 DENV-
3, 21 DENV-4) and 95 gRT-PCR-negative samples were all positive and
negative by the RT-iiPCR reagent, respectively, demonstrating high inter-
rater agreement (100%; Cl,,,,, 98.81 ~ 100%; « = 1). With analytical
and clinical performance equivalent to those of the reference gRT-PCR,
the index PCR assay on the field-deployable system can serve as a highly
sensitive and specific on-site tool for DENV detection. Application of this
point of care testing to Solomon Islands conformed to the local needs are
under evaluation.

DETECTION OF DENGUE AND ZIKA VIRUS ANTIBODIES
AMONG SUSPECTED MEASLES CASES IN KENYA

Yvonne Kimata', Peter Borus?, Elizabeth Hunsperger?, Caroline
Tigoi4, Edith Chepkorir, Rebecca Waihenya', Rosemary Sang?

Jomo Kenyatta University of Agriculture and Technology, Nairobi, Kenya,
?Kenya Medical Research Institute, Nairobi, Kenya, *Centers for Disease
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Control and Prevention, Nairobi, Kenya, “International Centre for Insect
Physiology and Ecology, Nairobi, Kenya

Dengue (DENV) and Zika (ZIKV) viruses are emerging and re-emerging
arboviruses of public health importance worldwide. DENV has been
associated with recent multiple outbreaks primarily in coastal and north-
eastern regions of Kenya in 2011 to 2016.Serological surveys carried out
in the country indicated the presence of ZIKV antibodies. We sought to
determine the possible circulation of these viruses among patients seen
and sampled at health facilities in Kenya as suspected measles cases for
laboratory investigation at the measles reference laboratory. Archived
serum samples collected between 2008-2014 from health facilities in
Nairobi, Taita-Taveta, Tana River, Mombasa, Kilifi, Kwale, Lamu, Mandera,
Garissa and Wajir counties, were randomly selected from the bio-banked
samples. The samples were tested for IgM and IgG antibodies against
DENV using ELISA commercial kits whereas ZIKV IgM was tested using
CDC in-house MAC-ELISA.DENV and ZIKV positive samples were further
tested for neutralizing antibodies against 4 flaviviruses: DENV, ZIKV,
Yellow Fever (YFV) and West-Nile Virus (WNV) by PRNT. Out of the 392
samples, 6.1% tested positive for DENV IgM, 10.9% tested positive

for DENV IgG. The highest prevalence for DENV was observed among
those aged 14 years and above and those sampled from Nairobi County
between 2008 and 2009.1% tested positive for ZIKV IgM with the highest
number of cases sampled from Nairobi County .The prevalence of ZIKV
varied significantly with age (p<0.001).WNV was most prevalent in those
sampled in Garissa and Nairobi. Evidence of past YFV exposure was
observed in those sampled in Garissa, Nairobi and Taita-Taveta counties.
However, nothing is known about their YFV vaccination status. Results
show that these flaviviruses may contribute significantly to the burden of
disease. Awareness is recommended among clinicians on the potential of
arboviruses to cause measles-like febrile illnesses among patients and the
need for additional diagnostic support to determine the true burden of
these diseases.

DENGUE HOSPITALIZATIONS IN BRAZIL: ANNUAL WAVE
FROM WEST TO EAST AND RECENT INCREASE AMONG
CHILDREN

Juliane Wunderlich', Wladimir J. Alonso?

'Robert Koch Institute, Berlin, Germany, *Laboratory for Human
Evolutionary and Ecological Studies, University of Sdo Paulo, Sdo Paulo,
Brazil

Dengue is the most common arthropod-borne viral disease and a global
health threat due to its presence in almost every tropical region and its
alarming incidence increase within the last decade. In Brazil, the number
of dengue epidemics has increased dramatically in the last 15 years.

To identify factors associated with higher numbers of hospitalizations
attributed to dengue in Brazil, we analyzed the seasonal patterns in
hospitalization incidence across the different states and compared

these with the corresponding climatic patterns. Therefore, we collected
information from the public database of hospital stays provided by the
Brazilian Unified Health System for the period from 1998 to 2015, and
data on mean monthly vapor pressure, temperature, number of wet
days and precipitation for the years 2001 to 2014 from the Climatic
Research Unit of the University of East Anglia. Fourier analyses were used
to characterize the seasonal patterns of dengue hospitalizations and
climate in each state. The relative contribution of each age group to the
total number of hospitalizations per month and state was also examined,
and the cubic spline model was used to detect inter-annual trends. We
discovered that the seasonality of dengue hospitalizations in Brazil has a
clear zonal gradient that is characterized by the progression of primary
peaks from West to East during the first half of the year, which may be
associated with the increased vapor pressure and rainfall during this
period, leading to increased mosquito abundance and activity. We also
found that the proportion of children among hospitalized individuals was
especially high during the peak outbreaks in 2007/2008 and 2010. This

may be due to the emergence and spread of the new DENV-2 Southeast
Asian genotype lineage Il since 2007, which has probably arrived from the
Caribbean and may have caused an increase in incidence and severity of
the disease, particularly among children. Our findings may allow health
systems to improve control interventions and contribute to reducing
dengue morbidity and mortality by using integrated vector control in
conjunction with early diagnosis and prompt supportive care.

IMPACT OF DENGUE VIRUS INFECTION ON MOSQUITO
OVARY GENE EXPRESSION AND EGG PRODUCTION

Fabiana Feitosa-Suntheimer, Sultan Asad, Alexander Gold,
Tonya M. Colpitts

Boston University School of Medicine, Boston, MA, 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 dengue
infection is considered a serious emerging health problem worldwide.
There is no specific therapeutic agent available against dengue virus, and
safety issues have continually hampered vaccine development. A novel
approach is to develop new preventative measures through an increased
understanding of the interactions between the virus and its mosquito
vector. Previous studies have suggested that pathogen infection can
alter reproductive fitness in mosquitoes, although the majority of these
experiments were done using Anopheles mosquitoes. It has also been
proposed that a reduction in either fecundity/fertility may be an adaptive
strategy of the pathogen to increase mosquito survival, although studies
remain to be comprehensively undertaken. There is limited evidence to
suggest that arboviral infection of Aedes can also alter fecundity; thus,
further studies on both the effects of DENV infection on fecundity/fertility
and the mechanisms behind these effects are required. A comprehensive
understanding of how dengue virus impacts fecundity and fertility can
enhance our knowledge on pathogenesis in the vector and inform on
epidemiology and transmission forecasts. Our hypothesis is that infection
with dengue virus alters both gene expression and egg production in the
ovaries of Aedes mosquitoes. We found that DENV-infected mosquitoes
have altered egg production (fecundity) and altered gene expression in
ovary tissue, as measured by RNA-Seq analysis, compared to uninfected
mosquitoes. We used gqRT-PCR analysis to confirm the altered expression
of 10 genes with significant changes in expression during infection in
mosquito ovaries, and examined the role of these genes during infection
for subsequent analysis. Here, we report on the identity and putative
roles of genes that have altered expression in the ovaries of dengue virus
infected mosquitoes.

USING PAIRED SEROLOGY AND SURVEILLANCE DATA TO
QUANTIFY DENGUE TRANSMISSION AND CONTROL DURING
A LARGE OUTBREAK IN FUJI

Adam Kucharski', Mike Kama?, Conall Watson', Maite Aubry?,
Sebastian Funk’, Alasdair Henderson', Oliver Brady', Jessica
Vanhomwegen?, Jean-Claude Manuguerra#, Colleen Lau®, John
Edmunds’, John Aaskove, Eric Nilles?, Van-Mai Cao-Lormeaus3,
Stephane Hue', Martin Hibberd'

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
?National Centre for Communicable Disease Control, Mataika House,
Ministry of Health, Suva, Fiji, *Institut Louis Malarde, Papeete, French
Polynesia, “Institut Pasteur, Paris, France, *Australian National University,
Canberra, Australia, °*Queensland University of Technology, Brisbane,
Australia, "World Health Organization Division of Pacific Technical Support,
Suva, Fiji

Dengue is a major health burden, but it can be challenging to examine
transmission dynamics and evaluate control measures because outbreaks
depend on multiple factors, including human population structure, prior
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immunity and climate. We combined population-representative paired sera
collected before and after the major 2013/14 dengue serotype 3 outbreak
in Fiji with surveillance data to determine how different factors influence
dengue virus (DENV) transmission and control in island settings. Using
surveillance data from 25,494 suspected cases of dengue during 2013/14
and paired sera collected from 263 participants in 2013 and 2015, we
analysed the roles of age, environmental factors, geography, pre-existing
immunity, climate, and control measures in shaping observed patterns of
infection and reported cases. The serological survey suggested that the
10-19 year old age group had the highest risk of acquiring infection (56%,
95% Cl: 44-68%), whereas reported disease incidence per capita was
highest in the 20-29 age group, many of whom were experiencing their
second DENV infection. We did not find strong evidence that demographic
or environmental risk factors were linked to seroconversion. Joint
mathematical modelling analysis of surveillance data and the serological
survey suggested that temperature-driven variation in transmission

could not fully explain the sharp decline in cases during April/May 2014.
However, there was evidence of an additional reduction in transmission

in March 2014, coinciding with a large vector clean-up campaign, which
may have contributed to the outbreak decline. By identifying key factors
that influence DENV transmission dynamics, these results could also help
inform forecasts of outbreaks and evaluation of control measures in other
settings.

ANTIBODIES AGAINST DENV: REVEALS FROM A NOVEL
NEUTRALIZATION ASSAY

Trung Tuan Vu, The Dengue Group
Oxford University Cinical Research Unit, Ho Chi Minh, Vietnam

Dengue is the most prevalent arboviral disease affecting humans. The
illness is caused by dengue viruses (DENV). Although a vaccine is recently
licensed its efficacy against some viral serotypes is limited, despite
apparent protection as measured by Plague Reduction Neutralization

Test (PRNT), the conventionally accepted correlate of protection. We
hypothesize false-positive results of PRNT are obtained from non-
neutralizing antibodies. We received from collaborators 12 human-
derived DENV-specific monoclonal antibodies (mAbs), each of these
therapeutically potential mAbs neutralize DENV in the PRNT. We developed
an alternative assay, named Viremic Blood Neutralization Assay (ViBNA),
to re-characterize the neutralization profiles of these mAbs. VIBNA
exploits the use of DENV drawn from acutely infected dengue patients,
and considers the biologically relevant endpoint of mosquito infection.
Results highlighted a significant discrepancy between assays, with seven
out of the 12 mAbs failing to neutralize any DENV serotypes in ViBNA. The
results support our hypothesis and have implication for the failure of PRNT
to predict the efficacy of dengue vaccine. In addition, antiviral therapy is
not available for dengue. Administration of DENV-specific antibodies is
considered a potential antiviral approach to reduce disease severity, the
symptomatology, and the duration of illness. With ViBNA, we identified
five neutralizing mAbs as candidates of antivirals for dengue. A subgroup
of these mAbs was diluted and tested for minimum concentrations that
mediated DENV neutralization with ViBNA. These concentrations varied
between mAbs, ranging from 0.1 pg/mL to 0.4 pg/mL. Results of mAb-
dilution experiments have direct implications for the design of dengue
clinical trials.

INVESTIGATING THE FIRST OUTBREAK OF DENGUE
HEMORRHAGIC FEVER IN THE GREATER DARFUR, WESTERN
SUDAN

Ayman Ahmed’, Yousif Ali2, Babiker ElImagboul?, Arwa Elaagip?,
Tarig B. Higazi*

'Institute of Endemic Diseases, University of Khartoum, Sudan, Khartoum,
Sudan, ?General Directorate of Health Emergencies, Federal Ministry of
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Health, Sudan, Khartoum, Sudan, *Faculty of Medical Laboratory Sciences,
University of Khartoum, Sudan, Khartoum, Sudan, “Ohio University
Zanesville, Zanesville, OH, United States

Dengue fever is one of the most rapidly spreading diseases around the
world with confirmed presence in 128 countries. An estimated 390 million
dengue infections are reported annually with 3.97 billion people at risk of
infection worldwide. Dengue in Sudan has historically been confined to
Eastern Sudan. Here, we are reporting the first outbreak of the disease in
Darfur, western Sudan. A cross-sectional community-based study has been
designed to investigate an outbreak of a hemorrhagic fever-like disease

in the five states of greater Darfur with a concentration on the internally-
displaced population of refugee camps. Blood samples were successfully
obtained from 204 individuals out of 560 suspected-cases who visited the
health clinics of 29 refugee-camps in East, West, South, North and Central
Darfur states between August 2015 and February 2016. All suspected
cases presented with fever, 98.6% of cases with bleeding, 52.9% with

a headache 48.2% with joint pain, and the mortality rate was 18.2%.
IgM ELISA and Polymerase Chain Reaction (PCR) analyses confirmed 32
(15.7%) cases of dengue fever, 6 (2.9%) cases of West Nile virus (WNV)
and 3 (1.5%) cases of Crimean-Congo hemorrhagic fever (CCHF). No
cases of Zika virus (ZIKV), yellow fever (YF), chikungunya virus (CHIKV),

or Rift Valley fever (RVF) were detected. Our analysis showed that most

of infections were children and young adults, and Aedes aegypti to be
the dominant suspected vector in the area with an incidence of 25-86%
in water containers. This is the first report of dengue outbreak in Greater
Darfur, which seems to be associated with the recent massive human
population movement and socioeconomic changes in this war-torn region
of Sudan.

EMERGENCE AND CO-CIRCULATION OF NEW GENOTYPES
AND LINEAGES OF DENGUE VIRUSES DURING 2012-13 AND
2014-15 EPIDEMICS IN SOUTHERN INDIA

Syed Fazil Ahamed', Rosario Vivek?, Carl Britto?, Mary Dias?*,
Kaustuv Nayak®, Anmol Chandele®, Murali-Krishna Kaja®, Anita
Shets

'Division of Infectious Diseases, St. John’s Research Institute, Bangalore,
India; The Institute of Trans-Disciplinary Health Sciences and Technology
(TDU), Bangalore, India, “Division of Infectious Diseases, St. John's
Research Institute, Bangalore, India, *Oxford Vaccine Group, Department
of Paediatrics, University of Oxford and the NIHR Oxford Biomedical
Research Centre, Oxford, United Kingdom, “Department of Microbiology,
St. John's Medical College Hospital, Bangalore, India, *ICGEB-Emory
Vaccine Centre, International Centre for Genetic Engineering and
Biotechnology, New Delhi, India, ®International Vaccine Access Center,
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United
States

High genetic diversity is demonstrated among dengue virus (DENV)
serotypes, however, strains circulating in India are not well characterized.
We genetically characterized DENV strains among dengue-infected
children from 2012-13/2014-15 outbreaks in Bangalore, in southern
India. Acute-phase blood samples from children with clinically suspected
dengue were collected. DENV serotypes were detected using RT-PCR
targeting Capsid-preMembrane (C-prM) and Envelope (Env) regions;
C-prM of DENV strains from 99 patients (33 DENV-1, 32 DENV-2, 27
DENV-3 and 7 DENV-1) were sequenced and aligned using ClustalW in
BioEditV7.1.9, and compared with 207 GenBank sequences. Phylogenetic
analysis was performed by maximum-likelihood method using Kimura
2-parameter model with 1000 bootstrap replicates in MEGAG6. In 2012-13
(n=113), DENV-3 (44, 38.9%) and DENV-2 (43, 38.1%) predominated;
DENV-1 was less common (22, 19.5%) followed by DENV-4 (1, 0.9%).

In 2014-15 (n=499), DENV-1 (329, 65.9%) predominated, followed by
DENV-2 (97, 19.4%), DENV-3 (36, 7.2%) and DENV-4 (10, 2.0%). Co-
infections with multiple serotypes were seen in 2.7% (n=3) and 5.4%
(n=27) in 2012-13 and 2014-15, respectively. Among 7 DENV-1 isolates
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from 2012-13, 6 were genotype IIl (Glll) and 1 belonged to genotype |
(Gl). The pattern changed in 2014-15 where, 21 were Gl and 5 were GllI
among 26 DENV-1 isolates. Out of total 32 DENV-2 isolates, 9 clustered
with previously reported GIV lineage B strains (GIVb) from India and the
remaining 23 clustered separately (GIVc). All 27 DENV-3 sequences were
Glll and all the 7 DENV-4 isolates were lineage C of Gl (Glc) which further
diverged into two clades. This is the first report of a major outbreak due
to re-emergence of DENV-1 Gl, circulation of new lineage (GIVc) of DENV-
2 and two clades of DENV-4 Glc in India, which may explain the severe
dengue outbreaks in 2014-15. Our findings highlight the rapidly changing
epidemiology of dengue in southern India and the likelihood of its impact
on transmission dynamics and disease severity. This study emphasizes
active surveillance of DENV strains in predicting outbreaks and for aiding
vaccine and anti-viral trials.

SEROLOGICAL EVIDENCE OF FLAVIVIRUS CIRCULATION
IN HUMAN POPULATIONS IN NORTHERN KENYA: A RISK
ASSESSMENT 2017

Edith Chepkorir!, David P. Tchouassi’, Samson L. Konongoi?, Joel
Lutomiah?, Marietjie Venter?, Rosemary Sang’

'International Centre for Insect Physiology and Ecology (icipe), Nairobi,
Kenya, “Center for Virus Research, Kenya Medical Research Institute,
Nairobi, Kenya, *Center for Viral Zoonoses, Department of Medical
Virology, University of Pretoria, Pretoria, South Africa

Yellow fever (YF), dengue (DEN), Zika and West Nile (WN) are important
reemerging mosquito-borne flaviviruses. Outbreaks have been reported

in Kenya; YF (1992-95), Dengue (2011-2018) and there is concern of
reemergence or importation of Zika virus. The potential threat of spillover
remains high following recent reports of Flavivirus outbreaks in countries
neighboring Kenya and thus, the need for human exposure assessment

in border areas. We screened human serum samples collected through

a cross-sectional survey in village clusters from two northern Kenyan
Counties (West Pokot and Turkana), both bordering Uganda, South Sudan
and Ethiopia by serological detection of IgG antibodies against DEN virus
using commercial IgG Enzyme Linked Immunosorbent Assay (ELISA) kits
(InBios) and virus neutralization for YF at a dilution of 1:20 by plaque
reduction neutralization test (PRNT). Sera reactive for YF or DEN were
titrated by 90% PRNT for 4 flaviviruses (YF, DEN, Zika and WN viruses) to
rule out cross-reactivity. Overall, 29.5% (259/877) of the samples showed
seropositivity for DEN virus by ELISA. Employing the criterion for 4-fold
greater titre 50 (5.7 %) were seropositive for YF virus, 36 (4.1%) for WN, 6
(0.7%) for Zika and one (0.1%) for DEN virus. 21.8% (90/413) of samples
from Turkana County neutralized with one of the three flaviviruses (11%
with YF, 9% with WN, 0.2% with Zika viruses), nine were classified as
indeterminate. In West Pokot County, 2.6% (12/464) were positive with
one of the 3 flaviviruses (1.3% with YF, 1.1% with Zika, 0.2% with DEN
viruses). The odds of Flavivirus infection was about 11 times higher in
Turkana than W. Pokot (OR=10.5, 95% Cl=5.59-21.38). These results
suggest Flavivirus exposure in areas of Northern Kenya, bordering epidemic
Foci of neighboring South Sudan, western Uganda and Omo River Valley
in Ethiopia. The presence of YF, WN and Zika antibodies in the population
may point to previous vaccinations (YF) or undetected cases. Focused case-
based surveillance will be needed to determine accurately the burden and
for implementation of preparedness strategies to counter potential threats
posed by these viruses.

DENGUE VIRUS INFECTS TYPE Il PNEUMOCYTES AND
HEPATOCYTES AND INDUCES AN INFLAMMATORY
RESPONSE IN TARGET ORGANS OF FATAL CASES

Monica Guzman Rodriguez', Anilza Bonelo', Carlos Pardo-
Villamizar?, Diego Vargas', Julio César Mantilla®, Beatriz Parra’

"Universidad del Valle, Cali, Colombia, Johns Hopkins School of Medicine,
Baltimore, MD, United States, *Universidad Industrial de Santander,
Bucaramanga, Colombia

In Colombia, dengue disease is a major public health problem, with 60%
of its population at risk of infection and a case mortality rate of 3%. The
pathogenic mechanisms underlying the severe manifestations of dengue,
such as hemorrhage, raise in vascular permeability and shock that can
lead to death are still unknown. Studies on the histopathology of fatal
cases are crucial for the understanding of this mechanisms. To describe
the immunohistopathology of dengue in Colombia, 46 cases of fatal
dengue were evaluated; in each case, paraffin-embedded tissues of liver
and lung were prepared. To confirm the infection of dengue virus we
performed gRT-PCR. The presence of dengue antigen was evaluated by
immunohistochemistry. For the characterization of the cellular infiltrates,
we performed hematoxylin/eosin and immunohistochemistry staining

for the detection of CD3, CD4, CD8 and CD68 cells. We confirmed

the presence of dengue virus in 8 cases by RT-PCR, and in 12 cases by
immunohistochemistry. In the lung, the antigen was found infecting
macrophages, type Il pneumocytes and endothelial cells; the presence of
alveolar edema and hemorrhage was the most common finding, followed
by abundant mononuclear cellular infiltrate, T cells were the major
infiltrating cellular subpopulation, located in septum and perivascular
regions, macrophages were mainly located in alveoli. The liver was the
most affected organ, with macro and micro steatosis, edema zones and
vascular congestion, and infiltrates of T cells mainly in portal zones, the
dengue antigen was found infecting macrophages, endothelium and
hepatocytes. We found that dengue virus infects not only macrophages
and endothelial cells but also type Il pneumocytes and hepatocytes,
which can contribute to the alveolar collapse and hepatic dysfunction
respectively. In most cases, the infection induced edema and hemorrhage
in liver and lung, with an abundant infiltration of T cells. In liver was
prominent the presence of steatosis, compromising most of the cases.
These results provide evidence to support the contribution of dengue-
induced immunopathology in the multiorganic involvement of fatal
dengue.

DISTRIBUTION OF DENGUE CASES IN KISUMU CITY AND
ENVIRONS

Esther A. Ombewa’, Noah Mutai’, Uriel Kitron?, Angelle Desiree
LaBeaud?, Bryson Alberto Ndenga'

'Kenya Medlical Research Institute, Kisumu, Kenya, Emory University,
Atlanta, GA, United States, *Stanford University, Palo Alto, CA, United
States

Dengue is the most common mosquito-borne viral infection with an
expanding global distribution. But, little is known on its distribution

in Kenya. In this study our main aim was to characterize the spatial
distribution of dengue cases in Kisumu city and its surroundings. From
January 2014-June 2018 children aged 1-17 years having acute febrile
illness in our study facilities were enrolled in a cohort and tested for
dengue using reverse transcription polymerase chain reaction (RT-PCR).
For febrile children with dengue RT-PCR positive results, residences were
mapped and location information recorded. We mapped 82 of 100
DENV PCR positive cases. At least 20 sub-locations in Kisumu city and its
surroundings had one positive RT-PCR dengue result. The city alone had
cases in at least 11 of 25 sub-locations. Of the 20 sub-locations that had
positive results, 4 sub-locations had more than 3 dengue cases while the
others had 1-3 cases. Of the 82 cases mapped, ~55% (45/82) occurred
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within Kisumu city, while~45% (37/82) occurred outside. Dengue cases
occur both within the city and in its surrounding locations, with most cases
coming from the city. This study points to areas with high transmission of
dengue, and results can be used to target vector control measures.

DENGUE VIRUS SEROTYPE 2 DETECTED IN FEBRILE CHILDREN
IN A PERI-URBAN AREA OF ACCRA, GHANA

Nicholas Amoako
University of Ghana, Accra, Ghana

Accurate diagnosis of non-malarial febrile illnesses remains a big challenge
in many malaria endemic countries due to nonspecific clinical presentation
and diagnostic limitations. This often results in presumptive treatment of
malaria for most febrile episodes. To obtain a snap-shot of the pathogens
causing febrile illnesses in Ghana, a hospital-based cross-sectional study
was conducted out at out patients departments of two hospitals in Ghana.
A total of 166 blood samples from febrile children aged 1-14 years were
screened using a customized multi-pathogen real time PCR-based TagMan
probe-array card which simultaneously detects 26 pathogens, including
three protozoa, seven bacteria and 16 viruses. All children were physically
examined and blood or urine cultures were performed at the request

of attending clinician. Plasmodium falciparum was the predominant
pathogen detected in the children (36.0 % of samples tested). Salmonella
enterica Typhi (0.6%), Rickettsia spp.(3.0), Coxiella burnetii, (0.6) and HIV-
1(0.6) were also detected in a few of the samples. A notable observation
was the detection of dengue virus (1.2%) in two children who were 3

and 14 years old. A sequence analysis of the dengue RNA revealed a close
relationship with dengue serotype 2 implicated that was implicated in
outbreak in Burkina Faso in 2016. One of the dengue-positive samples
was also positive for Plasmodium, providing a vivid demonstration of

the complex etiology of AFl in malaria-endemic areas. Pathogens were
not identified in 58% of the samples tested. In conclusion, the result
highlights the importance of dengue as a cause of acute febrile illness
and underscores the need of diagnostic testing for dengue and other
flaviviruses in malaria endemic areas, in order to facilitate control,
including the prevention of nosocomial transmission

ASSESSING THE INTERCONNECTION BETWEEN
PSYCHOSOCIAL DISTRESS, IMMUNE RESPONSE, AND
DENGUE VIRUS IN MACHALA, ECUADOR

Denisse Vega Ocasio', Craig Morrell’, Anna M. Stewart-lbarra?,
Timothy D. Dye!

"University of Rochester Medical Center, Rochester, NY, United States,
2SUNY Upstate Medical University, Syracuse, NY, United States

Aedes aegypti (Ae. Aegypti), the mosquito that transmits diseases such as
dengue virus (DENV), chikungunya, yellow fever and Zika virus infection is
now present in nearly every tropical and subtropical region of the world.
Almost one billion people around the world are at risk of contracting

a mosquito-borne illness and DENV is considered the most common
arboviral disease impacting humans. In Latin America, the incidence

of DENV has increased from 16.4 cases per 100,000 in the 1980s to

71.5 cases per 100,000 from 2000 to 2007. Biological factors, social
stressors, anthropogenic environmental modifications and/or ecological
changes such as natural disasters can influence and increase the risk of
dengue transmission. Understanding how these factors intersect are
essential to explaining how social-biological processes influence disease
onset. Research on DENV virus has largely been conducted separately in
bench and in public health environments. Little research exists, however,
that evaluates the intersection of the social-biological process and how

it influences disease progression. We are implementing the Medical
Ecological Framework, a novel analytical framework, to propose a study
that evaluates the relationship between distress and immune responses
to DENV with two specific aims: 1) Describe how distress influences the
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production of inflammatory cytokines in response to infection. 2) Describe
the social conditions, exposure, and experiences related to mosquito-borne
diseases from an ethnographic point of view in two different, ecologically-
diverse communities of Machala, Ecuador and to seek evidence on how
these factors influence stress-related behaviors. We expect to provide

new understandings of the intersection of social-biological processes that
occur in communities susceptible to mosquito borne-illness. In addition,
we seek to implement theories and models of community organization
and community building by assuring inclusive and integrated participation
across community sectors in the planning process and to build consensus
on what can and should be done based on the communities’ unique assets
and needs.

IS THERE A ROLE FOR DEFECTIVE DENGUE VIRUS PARTICLES
IN DENGUE EPIDEMIOLOGY?

Kym Lowry, Malik Hussain, John Aaskov
Queensland University of Technology, Brisbane, Australia

There is ongoing debate about the relative contributions of the virus and
the host in the pathogenesis of dengue. As obligate parasites, dengue
viruses (DENV) have a vested interest in not killing their host before they
have been transmitted to a new one. Furthermore, DENV dissemination is
constrained by the restricted movement of its common Aedes mosquito
vectors. We have identified sub-genomic RNA in DENV from patients, and
in cell culture, composed of short lengths of RNA from the 5’ and the

3’ ends of wild type (WT) DENV genomes and demonstrated that these
suppress DENV replication in vitro. While some of these sub-genomic
RNAs contain all elements necessary for their replication, others do not.
We proposed that virions containing these defective genomes, reduce
viraemia, attenuate disease and enable viraemic patients to remain

mobile and therefore increase exposure to more mosquito vectors. It is
not known how these defective genomes are generated, whether they
can be transmitted between vectors and hosts, how effective they are

in inhibiting virus replication and whether they can interfere with the
replication of other viruses. Our in vitro data suggests that defective DENV
genomes are generated in both vertebrate and invertebrate cells by a
variety of mechanisms. For instance, several contain no common junctions
between 5’ and 3’ elements of the sub-genomic RNA, while a subset
contain a small conserved junction site suggesting targeted recombination.
Transfection of the sub-genomic DENV RNA into cells infected with

the DENV serotype from which it was derived, or with a range of other
flaviviruses, resulted in decreased yields of extracellular WT virus. While
each DENV infection appears to produce a unique spectrum of defective
genomes, it is not clear whether these compete with each other as well
as with the WT genome for the intracellular DENV replicative machinery
and whether different defective DENV genomes interfere with the
replication of wildtype genomes in the same manner. Defective interfering
DENV provide mechanisms to modulate both disease severity and virus
transmission.

IDENTIFICATION OF SYNONYMOUS CONSTRAINT ELEMENTS
IN THE POLYPROTEIN OF DENV-2 HAPLOTYPES FROM
METAGENOMIC SEQUENCE DATA

Ma. Jowina H. Galarion', Brian Schwem?', Coleen Pangilinan’,
Merab Chan?, Raul Destura’

'National Institutes of Health, Manila, Philippines, ?Ateneo de Manila
University, Quezon City, Philippines

Despite high mutation rates of the dengue virus (DENV), there are parts
of its genome that are under unusually high evolutionary constraint.
These regions, called synonymous constraint elements (SCEs), are highly
conserved and known to be signatures of overlapping function. This study
aims to systematically find SCEs across multiple sequences of DENV to
identify probable elements that may have overlapping roles in the viral
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life cycle. Metagenomic sequencing was done on 14 serum samples from
patients presenting with acute febrile illness. Finding Regions of Excess
Synonymous Constraints (FRESCo) analysis tool was used to systematically
identify SCEs across DENV haplotype sequences of the structural and non-
structural (NS) gene regions. Significant SCEs were identified at the 3’ half
of the envelope (E) and NS5 gene. While the E-gene is under constant
selective pressure due to its roles in host-virus interaction, this study has
seen parts of it that are highly conserved. Although parts of the NS5 gene
harbor putative functional elements involved in viral replication, other
SCEs identified here which has not yet been described elsewhere can
serve as initial information to do site-directed mutagenesis studies. The
study demonstrates the feasibility of systematically identifying SCEs using
haplotype alignment from metagenomic viral sequences. Finally, the highly
conservative nature of SCEs may serve as excellent targets for antiviral
drug designs.

DENGUE IN SOUTHEASTERN BRAZIL: A LARGE OUTBREAK
FOLLOWED BY A THREE-YEAR LOW INCIDENCE PERIOD.
OBSERVATIONS FROM A PROSPECTIVE COHORT STUDY

Expedito J. Luna’, Gerusa M. Figueiredo', Jose E. Levi', Sergio
R. Campos', Walter M. Figueiredo?, Angela A. Costa?, Alvina C.
Felix’, Nathalia C. Souza', Claudio S. Pannuti’

"Universidade de Sao Paulo, Sao Paulo, Brazil, ?2Universidade de Sao Paulo,
Araraquara, Brazil

Brazil is the largest contributor to the number of reported dengue cases
worldwide. However, those figures may not reflect the true burden of
the disease. Accurate data on dengue incidence are necessary for the
evaluation of novel control interventions. A cohort study was set up

to determine the incidence of dengue in a mid-level endemicity town,
Araraquara, state of Sao Paulo, Brazil. A cluster randomized sample of
children and adolescents from 2 to 16 years of age was selected and
invited to participate. Parents or legal guardians who agreed to have their
child enrolled provided a written consent. A baseline blood sample was
collected for dengue serological diagnosis. Families are contacted weekly
for fever surveillance. If the participant reports a febrile episode, the study
nurse visits the household to collect a blood sample for dengue diagnosis.
Acute cases are confirmed according to their PCR and NS1 results.
Confirmed dengue cases undergo full medical examination. Yearly blood
samples are collected for serology. Participants were recruited from Sept
2014 to March 2015; 3,514 participants were enrolled in the cohort. A
large dengue outbreak occurred in 2015. There were 290 confirmed cases
among the participants in 2015 and 14 in 2016 (cumulative incidence of
8.3% and 0.48%, respectively). All cases were confirmed as DENV1. No
confirmed cases were diagnosed in 2017 and none have been confirmed
in 2018. Dengue seroprevalence was 13.7% at baseline, 30.9% after
one year, 30.8% in the following year, and 33.4% in 2018. The incidence
of inapparent infections among previously dengue naive subjects was
14.4% in 2015/16, 4.6% in 2016/17 and 5.3% in 2017/18. The state

of Sao Paulo faced its largest dengue outbreak ever in 2015. Since then,
incidence has decreased markedly. No symptomatic cases have been
detected among the cohort participants in the past two years, although
asymptomatic cases still occurred. While these numbers reflect the national
trend of reduction in the number of dengue cases, local factors such

as vector density, urban infrastructure, population immunity, circulating
serotype, and others, play a role in the transmission dynamics.

COMMUNITIES ORGANIZED TO PREVENT ARBOVIRUSES:
COPA - A PROSPECTIVE COMMUNITY STUDY TO ASSESS
OCCURRENCE OF ARBOVIRAL INFECTION AND EVALUATE
VECTOR CONTROL INTERVENTIONS IN PONCE, PUERTO RICO

Liliana M. Sanchez-Gonzalez', Gabriela Paz-Bailey', Laura E.
Adams’, Kyle R. Ryff', Emma Little', Matthew Lozier!, Carmen L.
Perez-Guerra', Angela F. Harris', Ryan R. Hemme’, Eli Rosenberg?,
Tyler M. Sharp!, Mark Delorey?, Stephen Waterman', Luisa I.
Alvarado?, Vanessa Rivera-Amill4

'Dengue Branch - Centers for Disease Control and Prevention, San
Juan, PR, United States, “University of Albany, Rensselaer, NY, United
States, >Division of Vector Borne Diseases, Centers for Disease Control
and Prevention, Fort Collins, CO, United States, “Ponce Health Sciences
University and Saint Luke's Episcopal Hospital Consortium, Ponce, PR,
United States

The public health response to the spread of arboviruses such as dengue,
chikungunya, and Zika has been hampered by a lack of effective
interventions to prevent human infections. Vector control programs

with substantial community participation can improve acceptance

and sustainability, and complement vertical approaches. Identifying
effective vector control strategies to control current and emerging
arboviruses requires conducting robust epidemiologic evaluations in urban
communities with infection and disease in humans as the outcomes
evaluated. The purpose of this study is to implement a community-

based platform for arbovirus surveillance and research. We will recruit a
community cohort to assess arboviral infection incidence and prevalence.
Through active surveillance we will establish incidence and etiology of
acute febrile illness. We will monitor entomological parameters and we
will ultimately evaluate the feasibility and effectiveness of integrated vector
control strategies to reduce human arboviral infection. Fourteen groups of
communities with high rates of arboviral disease in southern Puerto Rico
were identified using surveillance data and constitute the study clusters.
We aim to recruit 250 participants per cluster or 3,500 individuals in total.
A sero-survey and questionnaire to assess knowledge, attitudes, and
vector control practices will be repeated annually, after the initial baseline,
for at least five years. We aim to measure a difference of 50% in arboviral
infection incidence between intervention and non-intervention clusters
over the course of the study period. After the first year of data collection,
prevalence rates will be calculated for each cluster. Clusters will be paired
based on baseline prevalence rates, and intervention and control status will
be randomly assigned. The incidence rate in each cluster will be assessed
through annual testing for arboviral infections. Comparisons will be made
between the intervention and control clusters using paired t-tests to assess
differences between groups. In this presentation we will outline the study
design and plans for evaluation of interventions.

DENGUE KNOWLEDGE, ATTITUDES AND PRACTICES AND
THEIR IMPACT ON COMMUNITY BASED VECTOR CONTROL
IN RURAL CAMBODIA

Emmanuelle Kumaran', Dyna Doum?, Vanney Keo?, Sokha Ly3,
BunlLeng Sam?, Vibol Chan?, Neal Alexander', John Bradley’,
Marco Liverani', Didot B. Prasetyo®, Sergio Lopes?, Jeffrey Hii?,
Rithea Leang®, Muhammad Shafique?, John Hustedt'

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
’Malaria Consortium, Phnom Penh, Cambodia, *National Center for
Parasitology, Entomology and Malaria Control, Phnom Penh, Cambodia,
“World Health Organization, Phnom Penh, Cambodia, *United States Naval
Medlical Research Unit-2, Phnom Penh, Cambodia

The World Health Organization global strategy for dengue prevention aims
to reduce mortality rates by 50% and morbidity by 25% by 2020. The
adoption of integrated vector management approach using community-
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based behavior change methods tailored to the local context is one of

the recommended strategies to achieve these objectives. Understanding
local knowledge, attitudes and practices is therefore essential to designing
culturally appropriate strategies to fit each local context. A Knowledge,
Attitudes and Practices survey in 600 randomly chosen households

was administered in 30 villages in Kampong Cham, Cambodia which is
one of the most populated provinces of Cambodia. KAP surveys were
administered to a sub-sample of households where an entomology survey
was conducted (1200 households), during which Aedes larval/pupae

and adult female Aedes mosquito densities were recorded. Participants
had high levels of knowledge regarding the transmission of dengue with
96.7% identifying mosquitoes as the dengue vector, and 95.5% able to
identify at least one breeding site. Aedes breeding and biting prevention
methods were similarly high. The majority of participants (97.5%) believed
they were at risk and that dengue transmission is preventable (77.8%).
However, self-reported vector control practices did not match observed
practices recorded in our surveys. No correlation was found between
knowledge and observed practices. An education campaign regarding
dengue prevention in this setting with high knowledge levels is unlikely
to have any significant effect on practices unless it is incorporated in

a more comprehensive strategy for behavioral change, such as the
Communication for Behavioral Impact method, which includes appropriate
theoretical models, creates enabling environment and ensures active
community participation in dengue to bring about sustained behavioral
changes in target communities.

QUALITATIVE ASSESSMENT TO UNDERSTAND
COMMUNITY’S ACCEPTANCE, PREFERENCES AND
SUSTAINABILITY OF GUPPY FISH (POECILIA RETICULATA),
PYRIPROXYFEN, AND COMMUNITY ENGAGEMENT FOR
DENGUE CONTROL IN KAMPONG CHAM, CAMBODIA, 2016

Sergio Lopes', Muhammad Shafique’, Dyna Doum', Vanney
Keo', Sokha Ly?, BunLeng Sam2, Vibol Chan?, Neal Alexander?,
John Bradley*, Marco Liverani4, Jeffrey Hii", Rithea Leang?, John
Hustedt*

'Malaria Consortium, Phnom Penh, Cambodia, National Center for
Parasitology, Entomology and Malaria Control, Phnom Penh, Cambodia,
3World Health Organization, Phnom Penh, Cambodia, “London School of
Hygiene & Tropical Medicine, London, United Kingdom

Dengue is the most rapidly spreading mosquito-borne viral disease in the
world, and Cambodia has one of the highest per-capita incidence rates

in the region. Without a widely available vaccine or therapeutics, vector
control is the most effective way to fight dengue. Increasing resistance

to commonly used insecticides has been reported and alternatives are
needed. Three inventions recently trialed in Cambodia include guppy

fish, a controlled release pyriproxyfen (PPF) matrix (Sumilarv® 2MR), and
Communication for Behavioral Impact (COMBI) activities. The trial explored
community perception, acceptability, and willingness to pay for vector
control tools through a qualitative assessment. Using a purposive sampling
technique, nine in-depth interviews and 12 focus groups discussions (FGD)
were conducted at community and health center level. A thematic analysis
approach was adopted during data analysis. Free listing and pile sorting
were performed to identify and rank all vector control tools available in
their community. The majority of individuals (62.5%) preferred guppy

fish due to ease of use/rearing, quick reproduction and propensity to eat
larvae. FGD participants remarked “We love guppies as they are attractive,
easy to keep, and clean the water.” Respondents were willing to pay
100-500 riel ($0.02-0.1 USD) for a pair of guppies. The next commonly
preferred method was PPF (35%) due to its long-lasting effectiveness,
convenience and easy maintenance. However, some concerns over the
persistent presence of larvae existed. “We know PPF works well as fewer
mosquitoes are around, however, we are afraid the presence of larvae may
contain parasites that can spread the disease”. These concerns can often
be overcome through health education. Additional concerns about access,
availability and affordability of PPF were raised by FGD participants. The

63

least preferred methods included mosquito coils, and chemical sprays due
to the smell and health concerns. Results showed that in the presence of
well-developed COMBI activities it was possible to achieve high acceptance
and demand for guppies and PPF.

BUILDING ECOLOGY INTO MODELS TO PREDICT ARBOVIRUS
DYNAMICS

Jamie M. Caldwell", Francis Mutuku?, Bryson Ndenga?, Erin
Mordecai’, Desiree LaBeaud’

'Stanford University, Stanford, CA, United States, 2Mombasa Institute of
Technology, Mombasa, Kenya, *Kenya Medical Research Institute, Kisumu,
Kenya

Understanding the ecological conditions that enable arboviruses to emerge
and circulate is critically important for understanding disease dynamics,
predicting future outbreak events, and breaking transmission cycles.
Climate factors (e.g., temperature, rainfall, and humidity), land cover
type, and microhabitats can influence vector abundance, distribution,

and transmission potential by affecting a variety of vector traits, including
survival, reproduction, and development. Using dengue and chikungunya
as examples, we will discuss how we are incorporating empirically-derived
relationships of climate, land cover, and microhabitats into mathematical
models to understand their impacts on the abundance of the Aedes
aegypti mosquito vector and disease transmission. We will also discuss
how we are incorporating many data sources to improve predictions for
specific locations, including the use of data from in situ climate loggers,
satellites, field entomology studies, and laboratory-confirmed disease
cases for urban and rural locations within Kenya. These models can help
us predict disease transmission in the near future and understand how
global climate change is likely to shift transmission in space and time in
the longer term. Further, these results have implications for understanding
where other Aedes aegypti-vectored diseases could circulate.

USE OF A RANDOM FOREST MODEL CONTAINING
AUTOCORRELATION, POPULATION, WEATHER, CLIMATE,
VEGETATION, AND LAND USE PREDICTORS TO FORECAST
DENGUE FEVER CASES AT A CITY LEVEL IN CHINA UNDER
IPCC CLIMATE CHANGE SCENARIOS

Megan Clegg’, Gail Williams', Wenyi Zhang?, Samuel Hundessa',
Yuming Guo?

'School of Public Health, Faculty of Medicine, University of Queensland,
Brisbane, Australia, ?Center for Disease Surveillance & Research, Institute
for Disease Control and Prevention of PLA, Beijing, China, *Department
of Epidemiology and Preventive Medicine School of Public Health and
Preventive Medicine, Monash University, Melbourne, Australia

Dengue Fever is a vector borne disease that occurs primarily at tropical
latitudes. In recent years the incidence rate in many countries has been
increasing, and it is thought that as the effects of climate change are
realized that this will continue. We then used a random forest model to
forecast cases under climate change pathways and identify key areas of
risk. The model contained autocorrelation, population, weather, climate,
vegetation, and land use variables and was used to predict cases across
China. Daily averaged estimates of weather variables were obtained
from the IPCC. We used the RCP 4.5 and RCP 8.5 pathways. The dataset
was then aggregated to a weekly timescale. Several time periods were
selected from the forecast data and the model used to predict cases at
the City level. The projections of case counts were converted to basic
incidence rates and the difference between these and current incidence
rates calculated. For China there was a slight decrease in the minimum
temperature and a slight increase in the relative humidity and maximum
temperature projected throughout the year compared to the current
observations. Wind speed was projected to be either similar or increased
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over current observations, dependent on City. Total Rainfall showed
increases mid-year. The model used for predictions attained a good fit with
the observed data. When projected, seasonal patterns and differences
between Cities were observed. The incidence rate plots showed that the
areas of risk moved further to the north and west; with areas of highest
incidence remaining in similar areas to that currently observed. As the
climate warms the risk areas for Dengue Fever in China spread further
west and north as more areas become suitable, but the majority of cases
remain in key population centres.

ANTIVIRAL INVESTIGATION, HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY ANALYSIS AND PHYTOCHEMICAL
PROFILING OF BRYOPHYLLUM PINNATUM (ODAA OPUO,
ABAMODA) AND VISCUM ALBUM (AWURUSE, AFOMA)

Robert K. Obi', Juliet A. Shenge?

"Federal University of Technology, Owerri, Nigeria, ?University of Ibadan,
Ibadan, Nigeria

Despite tremendous progress in human medicine, no drugs exist for the
complete treatment of these viral diseases. This study was designed to
investigate the antiviral potentials of two medicinal plants available locally
in South Eastern, Nigeria. Fresh leaves of Bryophyllum pinnatum (L) and
Viscum album (L) were collected from Lagos, South Western, Nigeria.
Extraction of the plant materials was done with methanol using the
soxhlet extractor and concentrated using the rotary evaporator. Measles,
polio, and yellow fever viruses were isolated from their respective vaccines,
while herpes simplex virus-1 was isolated from a positive HSV male case.
The toxicity profile showed that the minimum non-toxic concentration
(MNTC) of B. pinnatum (L) was 0.016 pg pL™" with an IC, of 0.063

pg pL" while that of V. album (L) was 0.063pg pL™ and IC_; of 0.313

ug pL". Result of the antiviral analysis showed that two of the viruses
were susceptible to B. pinnatum (L) and V. album (L). While HSV-1 was
sensitive to B. pinnatum (L), MV was susceptible to V. album (L) at the
concentrations of 0.016 pg pL™" (IC,, 0.004 pg pL") and 0.063pg pL
(IC,, 0.031 pg pL'; IC,, 0.039 pg pL™) respectively. Polio and yellow fever
viruses were resistant to both plants extracts at all the concentration
tested. Result of the phytochemical of both plants revealed the presence of
various secondary useful metabolites. In conclusion, this study has shown
that the solution to measles and herpes simplex-1 viral diseases could be
found in the forest zones of Nigeria.

ZIKA VIRUS PREVENTION: US TRAVELERS' KNOWLEDGE,
RISK PERCEPTIONS, AND BEHAVIORAL INTENTIONS - A
NATIONAL SURVEY

James Herrington', Linda Squiers?, Bridget Kelly?, Carla Bann?,
Sylvia Becker-Dreps', Lola Stamm?, Mihaela Johnson?, Lauren
McCormack?

"University of North Carolina at Chapel Hill, Chapel Hill, NC, United States,
2RTl International, Research Triangle Park, NC, United States

Limited data exist about US travelers’ knowledge, risk perceptions, and
behaviors related to the Zika virus (ZIKV). Using an internet research panel,
in March 2017 we surveyed 1,202 Americans in the continental United
States and Puerto Rico who planned to travel to a Zika-affected country,
state, or US territory in 2017. We compared levels of knowledge and
perceived risk of ZIKV, and intentions to practice ZIKV prevention behaviors
across respondents from 3 regions: Puerto Rico, at-risk states, and other
states. Over 80% of respondents correctly understood that a person could
acquire ZIKV through a bite from an infected mosquito, and over 64%

of respondents knew that a pregnant woman could pass the virus to her
fetus. Less than half of respondents from at-risk states and other states
knew that ZIKV could be transmitted sexually, as compared with three-
quarters of respondents from Puerto Rico. Compared with respondents

from at-risk and other states, respondents from Puerto Rico were the most
knowledgeable for almost all types of knowledge assessed. Knowledge
about post-travel precautions was low across all 3 regions. Differences in
perceived risk and intentions to practice specific prevention behaviors also
varied among regions. Significant gaps exist in US travelers’ knowledge
about how to prevent ZIKV transmission both during and after travel.
Input and collaboration from the travel industry, health care providers, and
the media are needed to help educate travelers about how to prevent ZIKV
infection and transmission.

ZIKA VIRUS SCREENING IN THE KENYAN OLYMPIC TEAM
ATTENDING THE 2016 OLYMPIC GAMES IN BRAZIL

Josphat N. Nyataya, John Waitumbi, Neha Buddhdev, George
Awinda, Lucy Kanyara, Zephania Irura, Limbaso Konongoi, Victor
Ofula, Rosemary Sang

Kenya Medical Research Institute/Medical Research Unit, Kisumu, Kenya

The 2016 Olympic Games happened at the time of heightened fears of
Zika virus (ZIKV) that was causing microcephaly in newborns in Brazil.

To avert or track introduction of ZIKV in Kenya, the Ministry of Health
developed a public health response that involved screening of the Kenyan
contingent before and after traveling to Brazil. Of the 92 team members
that were screened, all but one tested negative for ZIKV IgM and IgG.
The sero-positive individual had high IgM serum titers before and after
travel to Brazil. When tested for potential antibody cross-reactivity to
other flaviviruses that have been reported in Kenya, the sample showed
high IgM cross-reactivity to West Nile, Tick-Borne Encephalitis and Yellow
Fever Virus. Our data supports the low risk predictions of acquiring ZIKV
that were made before the Games and will help inform risk assessments
for U.S. military personnel traveling to endemic regions under similar
circumstances in the future.

ZIKA VIRUS UPREGULATES INTERFERONS AND PRO-
INFLAMMATORY CYTOKINES IN HUMAN PROSTATE CELLS

Jennifer L. Clinton, Linda L. Tran, Megan B. Vogt, David R.
Rowley, Jason T. Kimata, Rebecca R. Rico-Hesse

Baylor College of Medicine, Houston, TX, United States

Zika virus (ZIKV) is an ssRNA Flavivirus, traditionally known to cause Zika
fever but recently linked to Guillain-Barré Syndrome and microcephaly.
While ZIKV is typically transmitted by Aedes species mosquitoes, sexual
transmission has also been reported. Secreted ZIKV RNA has been detected
in the semen of infected males up to 6 months after initial infection,
suggesting that the virus may persist in the urogenital tract and be sexually
transmitted for an extended period of time. However, little is known about
ZIKV persistence mechanisms that may mediate long-term urogenital tract
replication and delayed sexual transmission. We recently demonstrated
ZIKV tropism in human prostate cells using three contemporary ZIKV
clinical isolates (FLA, FLR, and HN16). Currently, we are investigating the
cytokine profiles produced by ZIKV infection of human prostate stromal
mesenchymal stem cells (MSCs) and prostate epithelial cells with three
ZIKV isolates as compared to dengue virus (DENV). The concentrations

of various cytokines were determined by using multiplex immunoassays.
Our results show that each ZIKV isolate elicits distinct cytokine profiles in
infected MSCs and these are also different from the DENV cytokine profile.
Furthermore, the data show an increase in pro-inflammatory cytokines,
such as IL-1a, RANTES and MCP-3 in ZIKV-infected MSCs, as well as
increased type Il interferon and related proteins (IFNg and IP-10). These are
consistent with published data showing upregulation of type Il interferons
promoting ZIKV replication in glioblastoma and placental cells. The results
point to an upregulation of specific cytokines and IFNs associated with viral
persistence in the urogenital tract, possibly contributing to the long-term
presence of ZIKV in semen. Future studies will address the mechanism

by which ZIKV upregulates specific cytokines in human prostate cells
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and what contributes to the differential cytokine profiles among isolates.
Assessing ZIKV urogenital tract tropism and elucidating viral persistence
strategies will help develop appropriate treatments or prophylactics to
prevent sexual transmission.

A MULTI-COUNTRY EVALUATION OF DIAGNOSTIC ASSAYS
FOR ZIKA INFECTIONS AND ACUTE FEBRILE ILLNESS

Barry Fields’, Jie Liu?, Govindakarnavar Arunkumar3, Nicholas
Schaad', Xiaopong Qi¢, Pongpun Sawatwong?, Eric Osoro®,
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Verani'2, Patrick Dely’, Godfrey Bigogo'3, Sanjay Ramachandran3,
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Eric Houpt?, Joel Montgomery!
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Acute febrile illness (AFl) can be caused by a wide variety of viral,

bacterial, or parasitic infections and is an important cause of morbidity
and mortality worldwide. The frequency and underlying etiology of AFI
varies geographically as well as seasonally and can be influenced by a
number of factors including the use of vaccines, environmental or land use
changes, urbanization and economic development. We initiated a study
combining enhanced case finding, Zika virus testing, and evaluation of
multiple diagnostic assays through surveillance platforms in nine countries.
The information collected is being used to evaluate the utility of a TagMan
Array Card (TAC) designed to detect 31 viral, bacterial and parasitic
pathogens associated with AFI. Individual targets on the TAC assay are
being compared with either, an individual Zika PCR assay, or the CDC
Trioplex (Zika, dengue, chikungunya) PCR assay as the standard of practice.
In addition, a ChemBio Dual Path Platform (DPP) Zika/chikungunya/dengue
IgM/IgG lateral flow assay is being evaluated against several ELISA assays
designed to identify Zika virus infections. This study is being conducted

in Guatemala, Haiti, Peru, Egypt, Kenya, China, India, and Thailand.

Each country will enroll 700 patients with some countries also enrolling
asymptomatic controls. Preliminary data from 5 countries indicate that the
most frequently detected pathogens by TAC are dengue virus, Plasmodium
spp., Orientia tustsugamushi, Coxiella burnettii, Rickettsia spp., Salmonella
spp., and Brucella spp., in descending order. In addition, the lateral flow
serologic assay data suggest considerable IgG cross-reactivity between

Zika and dengue antigens. However, this cross-reactivity is lower with the
IgM assay and may indicate an increased predictive value. This study will
identify priority pathogens associated with AFl in regions of the Americas,
Africa, and Asia and will provide insight regarding the utility of diagnostics
for the detection of Zika virus and other etiologies of AFI.

ZIKA VIRUS IN LONG-TAILED MACAQUES, PENINSULAR
MALAYSIA

Chong-Long Chua', Frankie Thomas Sitam?, Yoke Fun Chan', Eva
S.G. Soh Andu’, Jeffrine J. Rovie-Ryan?, Khebir Verasahib®, I-Ching
Sam'

'University of Malaya, Kuala Lumpur, Malaysia, ?Department of Wildlife
and National Parks Peninsular Malaysia, Kuala Lumpur, Malaysia, *National
Public Health Laboratory, Sungai Buloh, Malaysia

Zika virus (ZIKV) has reemerged from Asia to cause recent unprecedented
outbreaks in the Pacific and the Americas. Non-human primates (NHPs)
are suspected to be animal reservoirs of ZIKV in Africa, but little is known
of their role in maintaining a sylvatic cycle in Asia. We evaluated ZIKV
prevalence in long-tailed macaques (Macaca fascicularis), the most
common macaque species in Peninsular Malaysia. Serum samples were
collected from 234 long-tailed macaques trapped at > 30 sites in the
states of Selangor, Negeri Sembilan, Perak, Pahang, Penang and Johor.
These comprised 145 samples collected in October - November 2009

and October 2010, and 89 collected in March and August 2016, which
coincided with the ZIKV global epidemics, giving a total of 234 samples.
None of the samples were positive for ZIKV RNA. Samples were tested for
ZIKV neutralizing antibodies by plaque reduction neutralization test (PRNT)
on Vero cells. Those with screening ZIKV PRNT, titers >20 were confirmed
with Zika focus reduction neutralization test (FRNT), and also tested for
potentially cross-reacting dengue virus serotype 1 and 2 antibodies by
FRNT. A total of 6/234 (2.6%) had ZIKV neutralizing antibodies, and

3 of these had no detectable dengue antibodies, giving a final ZIKV
seroprevalence of at least 3/234 (1.3%). Wild long-tailed macaques are
exposed to ZIKV, but the low prevalence suggests that they are unlikely
to be significant animal reservoirs in Malaysia, with the caveat that the
long-term dynamics of ZIKV antibodies and infection in macaques is not
known. This reinforces the need for study of other NHPs and mammals as
reservoirs of ZIKV in Malaysia, to understand its transmission and mitigate
future emergence.

GENETIC DIVERSITY OF THE YOKOSE VIRUS, XYBX1332,
ISOLATED FROM BATS (MYOTIS DAUBENTONII) IN CHINA

Feng Yun, Zhang Hailin, Yang Weihong, Zhang Yuzhen

Yunnan Institute of Endemic Diseases Control and Prevention, Dali
City, Yunnan province, China

A virus (XYBX1332) was isolated from serum specimens of Myotis
daubentonii (order Chiroptera, family Vespertilionidae) collected in a cave
located in the south of China. The virus was shown to have cytopathic
effects in mammalian cells (BHK-21 and Vero E6). Genome sequencing
indicated that it has a single open reading frame (ORF), with a genome
of 10,785 nucleotides in total. Phylogenetic analysis of the viral genome
suggests that XYBX1332 is a Yokose virus (YOKV) of the genus Flavivirus.
Nucleotide and amino acid homology levels of the ORF of XYBX1332 and
Oita-36, the original strain of YOKV, were 72% and 82%, respectively.
The ORFs of XYBX1332 and Oita-36 encode 3422 and 3425 amino acids,
respectively. In addition, the non-coding regions (5’- and 3’-untranslated
regions [UTRs]) of these two strains differ in length and the homology

of the 5’- and 3’-UTRs was 81.5% and 78.3%, respectively. Serological
detection revealed that XYBX1332 exhibits a neutralizing antibody
cross-reaction with Japanese encephalitis virus (P3), but not with yellow
fever virus (YFV-17D). The isolation of YOKV (XYBX1332) from inland
China thousands of kilometers from Yokosuka, Japan, suggests that the
geographical distribution of YOKV is not limited to the Pacific islands and
that it can also exist in the inland areas of Asia. However, there are large
differences between the Chinese and Japanese YOKV strains, in both viral
genome and antigenicity.
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MAPPING ZOONOTIC SPILLOVER AND URBAN
TRANSMISSION TO ESTIMATE YELLOW FEVER VACCINATION
IMPACT

Alex Perkins, Rachel Oidtman, Amir Siraj, Sean Moore
University of Notre Dame, Notre Dame, IN, United States

Although there is an effective vaccine for yellow fever (YF), there is
growing concern about the potential for large urban outbreaks due to
increased urban growth in close proximity to zoonotic transmission and
continued expansion of the Aedes aegypti mosquito that vectors YF virus
(YFV). Efforts to inform YF vaccination through transmission mapping
have not distinguished between transmission with zoonotic versus urban
origins. We developed a probabilistic framework for disentangling the
contributions of these distinct transmission cycles to YF incidence, fitting a
combined model of zoonotic spillover and urban transmission to 1,134 YF
cases from South America in 2000-2014. Calibrating our model under the
assumption that 26.4% (95% Cl: 23.0-30.1) of these cases were urban
based on their occupations, we estimated rates of zoonotic spillover that,
compared to a baseline with no allowance for urban transmission, were
lower in areas estimated to have high potential for urban transmission.
Disentangling zoonotic and urban components of transmission enabled us
to calculate location-specific probabilities of a large urban outbreak, which
vaccination reduced by 72.33% (95% Cl: 20.86-99.97) on average under
three different scenarios about vaccination coverage.

THE ZIKA VIRUS INFECTION IN PREGNANT WOMEN IN
HONDURAS (ZIPH) COHORT STUDY

Pierre Buekens', Jackeline Alger?, Maria Luisa Cafferata,
Amanda M. Berrueta?, Harry Bock#, Carolina Bustillo®, Alejandra
Calderdns, Allison Callejas’, Mario Castillo’, Alvaro Ciganda?, Itzel
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Van Tong?®, Diana Valencia®, Douglas Varela™, Matthew Ward',
Dawn Wesson', Concepcion Zuniga's
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Centro de Salud Alonso Suazo, Secretaria de Salud de Honduras,
Tequcigalpa, Honduras, "Neonatologia, Departamento de Pediatria,
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Investigaciones Genéticas, Escuela de Microbiologia, Universidad Nacional
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Hospital Escuela Universitario, Tegucigalpa, Honduras, ''Oftalmologia,
Departamento de Pediatria, Hospital Escuela Universitario, Tegucigalpa,
Honduras, ?Hospital General San Felipe, Tegucigalpa, Honduras, '*Centro
de Investigaciones Genéticas, Escuela de Microbiologia, New Orleans, LA,
United States, *Neurologia, Departamento de Pediatria, Hospital Escuela
Universitario, Tegucigalpa, Honduras, "*Departamento de Vigilancia de la
Salud, Hospital Escuela Universitario, Tequcigalpa, Honduras

The full spectrum of long-term complications of Zika virus (ZIKV) infection
has not been thoroughly described, especially among children without
clinical evidence of congenital Zika syndrome at birth, and among
children born to ZIKV infected but asymptomatic mothers. We are
currently conducting a prospective pregnancy cohort study in Honduras
that will allow us to study ZIKV infection in a different context than

South American countries. Enrollment in the cohort is ongoing in one
health center. Women are enrolled at their first prenatal visit. Data on
socio-demographics, ZIKV symptoms during pregnancy, and information
to locate women for additional follow-up are collected through
interview at enrollment. Maternal blood is collected immediately after
enroliment and tested for ZIKV immunoglobulin M (IgM) by enzyme-
linked immunosorbent assay (InBios, Seattle, WA). We plan to conduct
ZIKV and dengue virus polymerase chain reaction testing. We expect
more than 90% of the women to deliver in one of two public hospitals
in Tegucigalpa. Longitudinal follow-up will be conducted for children

of women with positive ZIKV IgM and a comparison group of children
born to women with no evidence of ZIKV infection at enroliment.
Neurodevelopment will be assessed with Bayley Scales of Infant and
Toddler Development, 3rd edition. From July 2016 to February 2018, we
have enrolled 2,143 women at their first prenatal visit. Gestational age
at enrollment was <14 weeks for 56.9% of the cohort, 14-28 weeks for
25.2%, and > 28 weeks for 17.9%. Thirty-seven women (1.7 %) were
symptomatic at enrollment. About half of the enrolled participants have
already delivered. Analyses of birth outcome data are ongoing. This study
will allow us to better understand the longer-term outcomes of children
exposed to ZIKV during pregnancy.

GLOBAL RISK ASSESSMENT OF TRAVEL-RELATED YELLOW
FEVER SPREAD: A SYSTEMATIC REVIEW

Janaina Figueiredo, Jose Moreira, Patricia Brasil, Andre Siqueira
Instituto Nacional de Infectologia Evandro Chagas, Rio de Janeiro, Brazil

Yellow fever (YF) virus is a flavivirus endemic to sub-Saharan Africa and
tropical South America. However, due to a rapid increase in trade and
travel volume globally, there is an increased risk of importation of YF to
non-endemic areas. We systematically review data from travel-associated
YF to help estimate the international risk of YF spread into non-endemic
areas. PubMed, ProMed, and online repositories from the European Centre
for Disease Prevention and Control and the World Health Organization
databases were searched from inception to March 2018. We included

all reports describing travel-related YF acquired in endemic countries.
Variables of interest were extracted and plotted in Tableau software.

We identified 497 unique publications and included 25. Between 1924
and 2018, 38 travel-associated YF cases have been reported. European
and non-European-travelers accounted for 16 (42.1%) and 22 (57.9%)

of the subjects, respectively. The countries that reported the most cases

of imported YF cases were China (28.9%), USA (13.2%) and France
(13.2%). Forty-two percent of the importation countries had competent
YF vectors, but autochthonous YF transmission in the non-endemic area
did not occur. Travelers acquired the disease in South America (56.8%)
and Africa (42.2%). Brazil (38.9%), Angola (30.6%), Peru (8.3%), and
Senegal (5.6%) were the countries most visited among travelers where YF
was acquired. The traveler's mean age was 39.4 + 12.4 years, and males
predominated (76.7%). All except two (5.3%) were unvaccinated. YF was
diagnosed with molecular assays (48.1%), a combination of assays (37 %),
and serology (7.4%). Hospitalization data was available for 32 (84.2%)
cases, and of those 31 (96.9%) were admitted and 7 (58.3%) went to ICU
care. Fifteen (48.4%) patients died from their illness. In conclusion, non-
immunized travelers are at-risk of YF complications and capable of seeding
local transmission in their countries. There is an urgent need to reinforce
the implementation of YF vaccination in travelers visiting high-risk areas.
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AEDES AEGYPTI SALIVA PROTEIN INTERACTIONS WITH ZIKA
VIRUS AND THEIR ROLE IN MAMMALIAN INFECTION

Sultan Asad, Fabiana Feitosa-Suntheimer, Alexander Gold, Tonya
M. Colpitts

Boston University School of Medicine, Boston, MA, United States

Aedes aegypti is the primary vector of several flaviviruses including Zika
virus. Zika virus-mediated vertical transmission and its association with
nervous system disorders like microcephaly in infants prompted the World
Health Organization to declare this correlation and potential complication
a public health emergency. Zika virus is usually transmitted to human
beings in saliva injected by the female A. aegypti during blood feeding.
The saliva of mosquitoes represents a repertoire of factors including
proteins, miRNAs and other biomolecules that are critical in establishing
infection of arboviruses along with modulation of host homeostasis and
immune response. In this study, we have collected the saliva form sugar
and blood fed mosquitoes, performed binding assays with Zika virus and
used liquid chromatography with mass spectrometry (LC+MS/MS) to
identify interacting partners. Subsequent analysis and experimentation
were done to elucidate the role of these mosquito saliva proteins during
transmission and infection of Zika virus to mammalian cells. In addition,
though studies have been carried out to highlight importance of mosquito
salivary proteins, the limitation in most of those studies is the use of
salivary gland extracts (SGE) for analysis rather than saliva. Our analysis
allows for identification of unique peptides that belong to different
functional groups in mosquito saliva. Furthermore, we have fractionated
the saliva using reverse phase liquid chromatography and checked the
effects of different saliva fractions on Zika virus infection and replication
in mammalian cells. The outcome of this study informs the field on A.
aegypti secretory proteins and an insight into their role in the infection of
Zika virus.

NEURODEVELOPMENTAL DELAYS ARISING FROM IN UTERO
EXPOSURE TO ZIKA VIRUS IN SALVADOR, BRAZIL

Adriana V. Faical', Juliana M. de Oliveira?, Breno L. de Almeida?,
Emila K. Ledo’, Joao V. Oliveira?, lluska Andrade', Maria B.
Cabral®, Nelfa S. Ferreira?, Lucas O. Reis?, Cristina Salles!,
Bernardo G. Costa?, Marcus V. Francisco?, Cleiton S. Santos?,
Erica D'Agostinho?, Maria I. Vianna®, Alan O. Duarte?, Angelina X.
Acosta’, Isadora C. de Siqueira?

"Universidade Federal da Bahia, Salvador, Brazil, ?Instituto Goncalo Moniz-
Fiocruz, Salvador, Brazil, *Faculdade de Odontologia - Universidade Federal
da Bahia, Salvador, Brazil

Since 2015, Brazil has experienced an unprecedented Zika virus outbreak.
A devastating consequence of this viral infection is congenital Zika
infection (CZI), which is transmitted from pregnant women to newborns.
Most descriptions and publications regarding CZI focus on the clinical
presentation of newborns and infants with microcephaly. Scarce
information is available concerning children without microcephaly born
from infected mothers. During 2016, a cross-sectional study enrolled

147 pregnant women who reported an exanthematous disease during
the pregnancy. Of these, 101 (68.7%) presented anti-Zika IgG antibodies
at the time of delivery. A total of 25 (17%) newborns were diagnosed
with microcephaly, while and 122 (83%) were classified as newborns
without microcephaly, of these, 91 had positive Zika serology or Zika RT-
PCR. In June 2017, we began a prospective follow-up of these infants
without microcephaly by evaluating neurodevelopment delays, performing
neurological examinations and applying the Bayley Scales of Infant
Development Il (BSID-IIl). Auditory evaluations were performed with by
Otoacustic emissions (OAE) and Brainstem Auditory Evoked Potential
(BAEP). To date, we have evaluated 26 infants. Of these, 53.8% are male
and the mean age is 1.7 years. Anti-Zika IgG serology was positive in
77% and five (19.2%) presented positivity for Zika by PCR on samples
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within 24h of birth. Based on head circumference (HC) at the time of
birth, all were classified as normal by the Intergrowth scale and currently
fall within normal HC percentiles. Cognitive delay was identified in 8
(31%) infants, language delay in 11 (42.3%) and motor delay in three
(11.5%). Our preliminary results indicate that in utero exposure to Zika
virus could be associated with neurodevelopmental delay, even in children
born without microcephaly. Currently, only microcephalic newborns are
referred to specialized care, while normocephalic children are maintained
in primary health care. We believe that all newborns exposed to Zika in
utero should be referred to specialized centers for the early detection of
neurodevelopmental delays and timely intervention.

SERIAL PASSAGING OF ZIKA VIRUS RESULTS IN ENHANCED
REPLICATION IN CULEX CELLS

Claudia Riickert, Alexis Robison, Jasmine Donkoh, Gregory D.
Ebel

Colorado State University, Fort Collins, CO, United States

Zika virus (ZIKV) is a flavivirus that is mainly transmitted by Aedes aegypti
mosquitoes, which are largely anthropophilic. However, the recent ZIKV
outbreak in the Americas has stimulated discussion about the role of other
mosquito species in transmission. Other Aedes sp. mosquitoes, such as Ae.
albopictus and Ae. vexans are also competent vectors. The role of Culex
spp. mosquitoes in ZIKV transmission, however, remains controversial. We
previously found that the Puerto Rican ZIKV isolate (PRVABC59) does not
efficiently infect colonized Cx. quinquefasciatus, Cx. pipiens or Cx. tarsalis
mosquitoes, yet other studies have suggested that Cx. spp. mosquitoes
may be competent vectors. ZIKV infection of Culex mosquitoes may thus
depend on the specific mosquito population, the virus isolate or other
complex environmental factors. In this study, we aimed to understand
whether specific adaptive mutations allow ZIKV to infect and replicate to
higher levels in Cx. tarsalis cells. We co-cultured susceptible Ae. aegypti
cells (Aag2) and somewhat refractory Cx. tarsalis cells (Chao Ball) at a ratio
of 9:1 and infected the triplicate co-cultures with ZIKV (PRVABC59) at

MOI 1. After 6 days, we collected supernatant and used 500yl to infect
new co-cultures (retaining triplicate passage lineages). We passaged the
virus 18 times on slowly increasing proportions of Chao Ball cells, up to a
ratio of 1:9 (Aag2:Chao Ball). We also passaged ZIKV three times on Chao
Ball cells without co-culture. We then established growth of the passaged
viruses on Chao Ball cells and Aag2 cells. We found that passaging
enabled ZIKV to replicate to higher levels in Chao Ball cells compared to
our input stock. We sequenced the virus passages and identified mutations
associated with passaging. In addition, we propagated the passaged ZIKV
on Vero cells and determined vector competence of Culex spp. mosquitoes
to this stock. In conclusion, we have characterized mutations in ZIKV
associated with passaging in Culex cells and how they impact infectivity of
Culex mosquitoes.

HUMAN-ANIMAL INTERFACE AND VECTOR SURVEILLANCE
IN ZIKA VIRUS PRONE TRANSMISSION AREAS IN BRAZIL

Alex Pauvolid-Corréa’, Renata Dezengrini-Slhessarenko?, Heitor
Herrera?, Grasiela Porfirio®, Gilberto Sabino-Santos?, Laura Maia?,
Helver Dias®, Emily Miranda®, Sheila Lima®, Thais Morgado’,
Claudia Netto?, Emily Hannon?, Luis Figueiredo?, Flavia Santos®,
Ana Bispo de Filippis', Joel Montgomery', Stephanie Slayer', Nick
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Tecnologia Viroldgica, Bio-Manguinhos, Fiocruz, Rio de Janeiro, RJ, Brazil,
’Hospital Veterinario, Zooldgico da Universidade Federal de Mato Grosso,
Cuiaba, MT, Brazil, éCentro de Reabilitacado de Animais Silvestres, Imasul,
Campo Grande, MS, Brazil, °Arbovirus Diseases Branch, Division of Vector-
Borne Diseases, National Center for Emerging and Zoonotic Infectious
Diseases, Centers for Disease Control and Prevention, Fort Collins, CO,
United States, '°EISL Branch, Division of Global Health Protection, Center
for Global Health, Centers for Disease Control and Prevention, Atlanta,
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Zika virus (ZIKV) was first discovered in 1947 in Uganda, but was not
considered a public health threat until 2007 when it was found to be the
cause of outbreaks in Asia. ZIKV spread to Brazil in 2014, and continues to
spread in tropical and subtropical regions of the Americas, where Aedes
aegypti mosquitoes are abundant. Despite being a zoonotic disease, there
is little information about potential sylvatic vectors and animal amplifying
hosts nor their role in virus maintenance and transmission. The role of
other mosquito species as ZIKV vector, is also unclear. Recent evidence also
suggests sylvatic non-human primates have also been exposed to ZIKV in
the Americas. We conducted active surveillance for ZIKV among native
primates, other non-human vertebrates, and mosquitoes in established
field sites, in Mato Grosso (MT) and Mato Grosso do Sul (MS) states in the
West-Central region of Brazil, where recent or active ZIKV transmission in
humans has been documented. We collected samples during 4 periods
from March 2017 to March 2018. Trapping efforts focused on wildlife,
mosquitoes, and domestic animals from urban parks and surroundings
areas of Cuiaba (MT) and Campo Grande (MS). We collected samples from
more than 2000 vertebrates and 12.000 mosquitoes. \Whole blood and
mosquito samples are being screened for ZIKV RNA, by generic flavivirus
real time RT-PCR, and will be confirmed by a ZIKV specific RT-PCR. Plasma
samples are being screened and will be confirmed for presence of anti-
ZIKV antibodies by neutralization tests. Preliminary serological testing
results show that from 759 animal plasma tested, 68 (9%) neutralized
ZIKV (ES2916/2015) isolated from human in Espirito Santo state, Brazil.
The results of this study will lead to a better understanding of ZIKV's ability
to establish a sylvatic cycle outside of human transmission, thus providing
essential information for future surveillance and public health intervention
efforts.

GENETIC ANALYSIS OF ZIKA VIRUS INFECTIONS FROM
AUTOCHTHONOUS TRANSMISSION IN THE PHILIPPINES,
2016-2017

Ava Kristy Sy, Mary Ann U. Igoy, Kristine Joy Privaldos

Research Institute for Tropical Medicine, Alabang, Muntinlupa, Metro
Manila, Philippines

Zika virus is an emerging arbovirus known to circulate in Africa and
South East Asia. In 2015, it was detected in Brazil causing serious birth
defects in infants born to infected mothers. This prompted the World
Health Organization to declare Zika virus disease as a global public
health emergency. In the Philippines, genetic analysis of Zika virus was
limited only in the isolated Zika case in 2012. This report presents a
comprehensive phylogenetic analysis of Philippine strains after the
outbreak in Brazil. A surveillance was initiated in 2016. Serum and urine
samples from patients with fever and/or rash were sent to the Research
Institute for Tropical Medicine to detect Zika by Real-time RT-PCR and
antibody testing. The envelope (1,512nt) gene was amplified by two-
step RT-PCR, followed by direct Sanger sequencing. Maximum likelihood
phylogenetic analysis was done in MEGA 6 using the General Time
Reversible +G model with 1,000 bootstrap replicates. A total of 3,365
samples were tested with Zika RNA detected in 60 (1.78%) samples,

of which 21 samples (35%) were sequenced. All Philippine isolates
were clustered into the Asian genotype with high similarity to the 2007
Micronesia strain. Likewise, the current Philippine strains have high
homology with the reported Zika case in 2012. Analysis of the E gene
revealed presence of F279S substitution that might cause virus resistance

to neutralizing antibody. Phylogenetic analysis suggests that Zika virus
may have been circulating in the country but remained underreported
despite the abundance of competent vectors. The data from our study
strengthen the hypothesis that Zika virus infections in the country result
from autochthonous transmission. Sequencing analysis of Philippine
isolates with reference sequence and 4 Brazilian sequences showed that
both strains have same F279S substitution. Our findings improved the
knowledge on Zika virus strain in the country. The high homology of
Philippine sequences with the Micronesia strain that caused outbreaks
in the past and the detection of F279S substitution warrant the need
for intensifying surveillance and control measures to prevent virus
transmission.

OPTIMIZATION OF QUANTITATIVE RT-PCR PROTOCOL
FOR ZIKA VIRUS DETECTION IN LOW VIRAL SAMPLE
CONCENTRATIONS

Alejandra Garcia Glaessner, Mariana Leguia
Pontificia Universidad Catolica del Peru, Lima, Peru

The 2015 Zika virus (ZIKV) outbreak in Brazil generated increased demand
for sensitive molecular diagnostics to detect the presence of ZIKV in
various patients. Most of the ZIKV diagnostics to date have been carried
out using two gRT-PCR assays developed by Faye et al. and by Lanciotti et
al. specifically for this purpose. These protocols use primer sets that target
different regions of the ZIKV genome with enough specificity to use them
as diagnostic tools. However, the sensitivity of both assays is lower than
would be ideal, and in many cases ZIKV cannot be correctly diagnosed

if present at low levels (CT values of up to 30). We have developed an
improved protocol using optimized primer sets that can detect ZIKV at
previously “undiagnosable” low levels (CT values as high as 34). Our
efforts focused on the optimization of important primer parameters like
primer length, annealing temperature, and GC content. Primers were
tested using ZIKV samples of various concentrations and we show that
samples that were previously considered false-negatives can give a positive
result using our optimized conditions. This assay should address the issue
of increased false-negative results during ZIKV diagnostics, and will be a
useful tool for healthcare providers interested in a fast, rapid, and sensitive
assay for clinical evaluation and diagnostics of ZIKV in samples of low viral
concentrations.

THE EFFECTS OF MOSQUITO MICROBIOTA ON ZIKV
INFECTION AND TRANSMISSION IN AEDES AEGYPTI

Sherry L. Haller, Miguel A. Saldana, Shivanand Hegde,
Christopher M. Roundy, Scott C. Weaver, Grant L. Hughes

University of Texas Medical Branch, Galveston, TX, United States

The microbiome of mosquitoes is known to impact their susceptibility

to infection and their ability to transmit viral pathogens. Aedes aegypti
mosquitoes are competent vectors of several viruses including dengue
virus and Zika virus (ZIKV). Previous work has shown that specific

bacteria isolated from mosquito vectors have the potential to reduce

their susceptibility to infection by dengue virus through activation of

host immune genes. Our studies aim to determine whether the resident
microbiome of A. aegypti mosquitoes also impacted transmissibility of
ZIKV, a medically important virus that has been linked to severe congenital
syndromes including microcephaly in newborns and Guillain-Barre
syndrome in adults. To test our hypothesis, we cleared the microbiome of
lab reared A. aegypti mosquitoes collected from the Rio Grande Valley with
oral antibiotic treatments and challenged with an American ZIKV strain
(PRV-ABCO059) after confirming the reduction of resident microbiome. We
then compared viral infectivity, dissemination and transmissibility rates with
untreated cohorts. Culture dependent and independent approaches were
used to quantify the microbial load in antibiotic treated and untreated
mosquitoes. In addition we screened a panel of immune-regulatory genes
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by gRT-PCR to assess differences in the immune activation status between
both groups. Vector competence for emerging and re-emerging viruses is
shaped in part by a combination of environmental, genetic and microbial
factors. Characterizing the influence of microbiota on ZIKV infection and
transmission by its primary mosquito vector and understanding its ability
to influence disease dynamics in the America’s is critical for determining
whether microbes may be harnessed to control the disease’s potential
spread.

CAN THE HOST DENSITY RESCUE THE VIRAL
TRANSMISSION? EFFECTS OF THE AVIAN-MOSQUITO
COMMUNITIES ON THE ST. LOUIS ENCEPHALITIS VIRUS
ACTIVITY

Agustin I. Quaglia, Guillermo Allbrieu Llinas, Marta S. Contigiani,
Adrian Diaz

Instituto de Virologia, Cérdoba, Argentina

Arbovirus represents an ecological clustered of arthropod borne

viruses. They depend of the interaction among vectors and hosts, and
those might be driven by the variations at community, population

and individuals vector-host level. Dilution effects predicts an scenario,
where the transmission risk, on multi-host systems, is reduced as host
diversity increases. Here, we focused on the effects of the structure and
composition of the avian-mosquito community on the activity of St. Louis
encephalitis virus (SLEV, Flavivirus). Avian and mosquito communities and
the frequency of SLEV infection in Culex mosquitoes were prospected
during three transmission seasons across the periurban-urban landscape in
Cordoba city, central area of Argentina. Hypothesis related at community
structure and density avian-mosquito level were represented and analyzed
by general linear mixed models, when environmental and temporal

viral activity heterogeneity were explicitly considered. Then, models
performance were ranked following the Information Theory framework.
The presence and the transmission of SLEV were not explained by neither
of the diversity measures explored. Although, Eared Dove and mosquito
density were related with at least two-folds increases in the number of
SLEV infected Culex. Dilution effect exerted by biodiversity might not be
driving the SLEV activity in the Cordoba city, meanwhile viral trait as the
generalist host use could provide resilience to transmission when the
composition of host and vector change. Finally, the results support an
amplification effect by the density of particular community members on
the transmission and amplification of SLEV such as Eared Dove.

IN VITRO ACTIVITY OF A 2'-C-METHYLURIDINE PROTIDE
AGAINST THE ZIKA VIRUS

Jean A. Bernatchez', Michael Coste?, Grace A. Wells?, Zhe Zhu',
Sungjun Beck', Alex E. Clark?, Christal D. Sohl?, Byron W. Purse?,
Jair L. Siqueira-Neto'

"University of California, San Diego, San Diego, CA, United States, 2San
Diego State University, San Diego, CA, United States

The Zika virus (ZIKV) has been demonstrated to cause the development of
microcephaly in newborns and has been linked to Guillain-Barré syndrome
in adults; ZIKV remains a significant arboviral threat to world health, as
there are no approved treatments for the infection and a new outbreak is
likely to happen in the future. Recent reports have shown that sofosbuvir,
an FDA-approved nucleoside analogue ProTide used in the treatment of
Hepatitis C virus (HCV) infections, has antiviral activity against ZIKV. In
this work, we show that the related ProTide of 2'-C-methyluridine has
stronger activity (4.2 to 8.5 fold) than sofosbuvir in both neural stem cell
and glioblastoma stem cell models of ZIKV infection using phenotypic
and cell-viability assays, with selectivity indexes ranging from >4 to 24 for
the ProTide of 2'-C-methyluridine for the different assays. Cell imaging
reveals that the 2'-C-methyluridine ProTide strongly protects against the
virus-induced cytopathic effect (CPE). Using biochemical gel-based assays,
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we demonstrate that while both the triphosphate form of sofosbuvir and
that of 2-C-methyluridine can act as substrates for the ZIKV NS5 RNA-
dependent RNA polymerase, 2'-C-methyluridine triphosphate is better
incorporated by the enzyme into RNA under identical conditions. These
data suggest that ProTides of 2'-C-methyluridine may represent a new
avenue for the development of potent anti-ZIKV compounds.

DEVELOPMENT OF A LIVE-ATTENUATED DENV-2-BASED
CHIMERIC VACCINE AGAINST ZIKA VIRUS

Claire Y-H Huang’, Janae Stovall', Jill Livengood?, Whitney
Baldwin', Holli Giebler?, Karen Boroughs', Michael Egan?, Hansi
Dean?

'Centers for Disease Control and Prevention, Fort Collins, CO, United
States, “Takeda Vaccine, Cambridge, MA, United States

The development of a safe and effective Zika virus (ZIKV) vaccine has
become a high priority since the widespread epidemic in 2015-16. Here
we report the development of a live-attenuated vaccine candidate that
invokes a robust immune response and provides full protection against
lethal ZIKV challenge in mice following a single immunization. Utilizing
the same Dengue virus 2 (DENV-2) PDK-53 vaccine platform that has
been used to develop a tetravalent dengue vaccine candidate that is
currently in phase 3 trials, we introduced the PrM-E genes of ZIKV to
generate chimeric D2/ZK vaccine candidates. In addition, we identified
and introduced multiple mutations in the chimeric constructs to improve
the fitness and stability of the viruses for efficient growth in Vero cells. We
systematically incorporated different combinations of the mutations and
have recovered virus from 7 versions of the constructs. Each version was
also made in the wild type DENV-2 16681 (parental virus for the PDK-53)
backbone for phenotypic comparison. Based on previously established
attenuation phenotypes of the DENV-2 PDK-53 vaccine, these chimeric
D2/ZK vaccine candidates will be evaluated for plaque phenotype,
temperature sensitivity, replication in C6/36 cells, neurovirulence in
neonatal mice, and infection/dissemination of mosquitoes. Currently, we
have identified multiple chimeric D2/ZK vaccine candidates that were fully
attenuated in neonatal mice by direct intracranial inoculation. AG129 mice
immunized with one or two doses of the candidates produced high levels
of neutralizing antibodies to ZIKV, and were fully protected against lethal
ZIKV challenge without any detectable post challenge viremia. In addition,
neither a second vaccination nor the wt ZIKV challenge resulted in any
further increase in antibody titers acquired after primary immunization,
suggesting a single dose was sufficient to induce sterilizing immunity
against a lethal ZIKV challenge in AG129 mice.

OVERVIEW OF ZIKA EN EMBARAZADAS Y NINOS EN
COLOMBIA (ZEN): A PROSPECTIVE COHORT STUDY
EXAMINING ZIKA VIRUS INFECTION DURING PREGNANCY
AND RISK OF ADVERSE PREGNANCY, BIRTH, AND INFANT
OUTCOMES

Veronica Burkel’, Marcela Mercado?, Helena M. Rodriguez?,
Diana Valencia', Van Tong', Maritza Gonzalez2, May Bibiana
Osorio Merchan?, Suzanne M. Gilboa', Candice Y. Johnson3,
Yamileth Ortiz Gomez?, Jorge Martin Rodriguez?, Shin Y. Kim?,
Hernando Miguel Baquero Latorre?, Elizabeth Ailes', Margaret A.
Honein’, Martha Lucia Ospina Martinez?

"Centers for Disease Control and Prevention, Atlanta, GA, United States,
?Instituto Nacional de Salud, Bogota, Colombia, *National Institute for
Occupational Safety and Health (NIOSH), Cincinnati, OH, United States,
“Universidad del Norte, Barranquilla, Colombia

Since its first case of Zika virus (ZIKV) infection in October 2015, Colombia
has reported over 106,000 suspected ZIKV infection cases, including
20,000 pregnant women. ZIKV infection during pregnancy can cause
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serious fetal harm, including microcephaly and related brain anomalies.
Knowledge gaps remain about the risk associated with ZIKV infection

for adverse pregnancy, birth, and infant outcomes. The Colombian

INS and U.S. CDC are implementing Zika en Embarazadas y Nifos en
Colombia (ZEN), a prospective cohort study of 1,500 pregnant women,
male partners, and their infants in multiple Colombian cities. Pregnant
women were enrolled in the first trimester of pregnancy and followed
until infants are 6 months old; male partners will be followed through
the end of their partner’s second trimester. ZEN objectives are: 1)

describe sociodemographic and clinical characteristics of the population,
2) identify risk factors for ZIKV infection in pregnant women and their
infants, 3) assess the risk for adverse maternal, fetal, and infant outcomes
associated with ZIKV infection, and 4) assess modifiers of the risk for
adverse outcomes among pregnant women and infants following ZIKV
infection. To identify critical windows of infection for adverse outcomes
and monitor persistence of ZIKV, sequential ZIKV testing of serum or urine
with reverse transcription-polymerase chain reaction (rRT-PCR) will be
performed for pregnant women (biweekly until 34 weeks gestation, and
monthly until pregnancy end), male partners (monthly until their partner’s
27th week of gestation) and infants (biweekly until 6 months of age).
Participants are interviewed using structured questionnaires about risk
factors for ZIKV infection, symptoms of ZIKV infection, and risk factors for
adverse outcomes. Clinical information will be abstracted from medical
records of pregnant women and their infants. ZEN enrollment occurred
between February 9, 2017 and January 31, 2018. ZEN results will guide
recommendations for preventing ZIKV infection, improve counselling of
patients about the risks of ZIKV, and help agencies to provide services to
affected children and their families.

SURVEILLANCE OF MICROCEPHALY AND OTHER
CONGENITAL CENTRAL NERVOUS SYSTEM
MALFORMATIONS: THE COLOMBIAN EXPERIENCE DURING
THE 2015-2016 ZIKA VIRUS EPIDEMIC

Martha L. Ospina’, Marcela Mercado', Romeo Galang?,

Cynthia Moore?, Maritza Gonzalez', Diana Valencia?, Lilliana
Cuevas', Oscar Pacheco!, Antonio Bermudez', Van Tong?, Molly
Dominguez?, Suzanne Gilboa?, Nataly Rozo', Margaret Honein?,
Franklyn Prieto’

'Instituto Nacional de Salud, Bogota, Colombia, *Centers for Disease
Control and Prevention, Atlanta, GA, United States

The Colombian Instituto Nacional de Salud (INS) has conducted national
surveillance of birth defects as part of its SIVIGILA surveillance system.
During the 2015-2016 Zika virus (ZIKV) outbreak, INS established

an enhanced surveillance protocol to monitor potential increases

in microcephaly and other congenital central nervous system (CNS)
malformations, to investigate causes, and to direct appropriate follow-
up care. SIVIGILA received notification from physicians if microcephaly
(head circumference below the 3™ percentile expected for sex and
gestational age) or other CNS malformations were diagnosed prenatally.
The surveillance protocol required an inpatient neonatal evaluation soon
after delivery, including a complete physical and neurological exam, and
a head ultrasound. If microcephaly or other CNS malformations were
noted, further evaluation was recommended by the protocol. Cases were
classified into etiological categories: congenital ZIKV infection, other
infectious agents, genetic, multifactorial, additive, and unknown; this
classification was based on laboratory evidence and extensive review of
the clinical findings from medical records by qualified clinicians. Data
reported here are from the implementation of the enhanced protocol

to births in 2016. During 2016, SIVIGILA was notified of over 900 cases
of microcephaly and other CNS malformations. Based on preliminary
analysis, these numbers represent about a 40% increase compared to
2015. Case classification is ongoing. Work is ongoing to review all cases
of microcephaly and other congenital CNS malformations reported for
2017. This enhanced surveillance protocol, built on an already existing
surveillance platform, serves as a model of a comprehensive approach

to investigating complex congenital conditions of unknown etiology

and building capacity to detect emerging health public health threats.
Adequate identification, notification and classification is essential in order
to quantify the number of Zika-associated birth defects, and follow-

up care is essential to fully characterize the impact of congenital ZIKV
infection during pregnancy.

A COMMUNITY INVESTIGATION OF THE YELLOW FEVER
OUTBREAK IN SOUTH OMO ZONE, ETHIOPIA, 2012-2014

Ranya Mulchandani’, Fekadu Massebo?, Fekadu Bocho?,
Yohannes Negash?, Claire Jeffries!, Thomas Walker?, Louisa
Messenger’

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
2Arba Minch University, Arba Minch, Ethiopia, 3Public Health Emergency
Management, Jinka, South Omo Zone, Ethiopia

Yellow Fever (YF) remains an important public health problem across
Africa and South America due to its high case-fatality rate. A YF outbreak
occurred in South Omo Region, Ethiopia in 2012-2014. This study aimed
to analyse historical outbreak data and identify the local Aedes vector
species, to assess the risk for future YF transmission. From October 2012
to March 2014, 165 cases and 62 deaths were reported, principally in

the rural areas of South Ari region (83.6%), south-west Ethiopia. The
overall male to female case ratio was 1.4:1. The majority of patients were
15-44 years old (74.5%) and most case deaths were males (76%). In
2014, the Ministry of Health organised a reactive vaccination campaign
with a reported coverage of 89%. Between June and August 2017, 688
containers were sampled from across 177 households to identify the key
breeding sites for Aedes mosquitoes. Ensete ventricosum ("false banana”)
was identified as the primary natural breeding site, and clay pots outside
the home as the most productive artificial breeding site. Entomological
risk indices from the majority of sites were classified as “high risk” for
future outbreaks under current WHO criteria. Of the five villages surveyed,
Shepi village had the highest traditional indices with House Index (HI) — 79;
Container Index (Cl) — 57.9; and Breteau Index (BI) — 237.2. Adult trapping
resulted in the identification of members of the Aedes simpsoni complex.
Molecular arbovirus testing of adult vector specimens found no active
presence of YF or other arboviruses. In addition, a Knowledge, Attitude
and Practices (KAP) survey was conducted to understand local knowledge
levels following this re-emergence of YF. 87.8% of 177 participants had
heard of YF, however many participants easily confused transmission

and symptoms of YF with malaria, which is also endemic in the area.
Significant predictors for KAP score included household location and prior
vaccination history. Study results emphasis the need to strengthen local
disease surveillance systems and in-country laboratory capacity to facilitate
rapid responses to future outbreaks.

LOW ZIKA VIRUS SEROPREVALENCE IN KUALA LUMPUR,
MALAYSIA

Magelda Montoya', Chong Long Chua?, Yoke Fun Chan?,
Andrew Pastor?, Eva Harris', Jamal I-Ching Sam?

'Division of Infectious Diseases & Vaccinology, School of Public Health,
University of California Berkeley, Berkeley, CA, United States, ?Department
of Medical Microbiology, Faculty of Medicine, University Malaya, Kuala
Lumpur, Malaysia

Zika virus (ZIKV) is an arbovirus that recently caused large epidemics in
the Pacific and the Americas. ZIKV was first isolated outside Africa in
Malaysian Aedes aegypti in 1966. It is unclear why only sporadic cases
and a single outbreak (Singapore, 2016) have been reported in Southeast
Asia, despite likely endemicity of ZIKV, abundance of Ae. aegypti, and
recent heightened awareness. We examined if undetected endemic
transmission results in high levels of population immunity. We used a
Zika NS1 blockade-of-binding (BOB) assay to test 1,086 serum samples
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collected in a hospital in Kuala Lumpur, Malaysia, comprising 727 residual
diagnostic samples from inpatients and 359 samples from healthy blood
donors. Samples were collected in 2012 (before the Pacific outbreaks),
August 2014-March 2015 (early stages of the Americas epidemic), and
2017 (after the outbreak in Singapore). Approximately 30 samples were
collected for each 10-year age group in each time period from the two
populations studied (total n=91-154 per age group). A total of 76/1,086
(7.0%) samples had detectable anti-ZIKV antibodies following duplicate
testing. No significant difference in seropositivity between diagnostic and
blood bank samples was found; thus, the two populations were combined
for further analysis. Seropositivity was not associated with gender or year
of collection but was positively correlated with age (odds ratio 1.21 (95%
Cl 1.08-1.32) for each decade of age, p=0.001). Study limitations include
the possibility of cross-reactivity due to other flaviviral infections (although
this would lower the ZIKV seroprevalence rate below the 7.0% observed)
and possible waning of antibody levels over time, though other studies
support stable levels of anti-ZIKV antibodies detected by the Zika NS1 BOB
assay over several years. Neutralization assays for DENV1-4 and ZIKV are
being performed to confirm the seropositive samples. We conclude that
there is low ZIKV seroprevalence in Kuala Lumpur, which thus does not
explain the low incidence of Zika cases and outbreaks. Other factors, such
as the possible protective effects of prior dengue virus infection, should be
explored.

FACTORS AFFECTING YIELD DURING THE PRODUCTION OF
PURIFIED ZIKA VIRUS

Teresa M. Towle, Jessica Shifflett, Sujatha Rashid
BEI Resources, Manassas, VA, United States

Optimization of virus purification methods is essential for obtaining good
virus recovery and ensuring the removal of impurities that may interfere
with downstream applications such as vaccine production, diagnostic
assay standardization, sequencing, and electron microscopy. While it is
well known that loss in virus titer takes place in any purification method,
the total virus yield after purification is rarely described, and few studies
evaluate the individual steps involved in purification for their capacity to
retain infectious virus particles. The multi-step process needed to produce
purified virus preparations makes it imperative to examine where virus loss
could occur at each step. Here, we describe a method for improving the
recovery of infectious Zika virus by determining the optimal conditions for
harvest, clarification, precipitation, and purification. For this study, Zika
virus was propagated in Vero cells (ATCC® CRL-1586™) under established
optimal growth conditions to prevent the formation of defective
interfering particles. For harvest, mechanical scraping and pooling the
infected monolayer and culture supernatant was compared to freeze-thaw
of infected cell pellets, and filter clarification and spin clarification methods
were assessed. Finally, precipitation with 10% PEG 6000 or PEG 8000

was evaluated using various treatment methods prior to purification over
a sucrose cushion. Sample aliquots were retained after each step in the
process and were titrated to quantify the yield of infectious virus particles.
The results from these experiments demonstrated that the most important
step affecting virus titer was the harvest method. The resulting purified
Zika virus from this study is available from BEI Resources as catalog number
NR-50684.

DENGUE VIRUS CROSS-NEUTRALIZING ANTIBODIES
AGAINST ZIKA VIRUS INFECTION

Rungarun Suthangkornkul, Taweewun Hunsawong,
Prapapun Ong-ajchaowlerd, Kanittha Sirikajornpan, Butsaya
Thaisomboonsuk, Chonticha Klungthong, Kathryn B. Anderson,
Alden L Weg, Louis R. Macareo, Damon W. Ellison

U.S. Army Medical Directorate-Armed Forces Research Institute of Medical
Sciences, Bangkok, Thailand

Dengue virus (DENV) and zika virus (ZIKV) are members of the mosquito-
borne flaviviridae family that co-circulate in the same regions and impact
public health worldwide. The closely related structural proteins, up to
40-50% of amino acid sequence homology between DENV and ZIKV,
allow cross-neutralization and infectionenhancement. In this study, the
cross-neutralization of DENV antibody against ZIKV infection has been
investigated. DENV confirmed cases by serotype (DENV-1 to -4) and
immune status (primary and secondary) have been selected (n=5 per
group). The cross-neutralization of DENV antibodies against ZIKV infection
was done by a flow cytometry-based neutralization assay using human
monocyte-derived U937 cells expressDC-SIGN. Cross-neutralization by
DENV antibodies was observed in 100% of all secondary DENV and
primary DENV-4 infections and 80% for other DENV serotype primary
infections. We found that secondary DENV antibodies from secondary
infections had significantly (p-value <0.05) higher titer of cross-neutralizing
antibodies against ZIKV infection than antibodies from primary DENV
infections. We further observed the neutralizing role of DENV IgM and
IgG antibodies. It was found that IgM acts in a complimentary manner
(p-value >0.05) with IgG against ZIKV infection. We noted that DENV
IgG antibodies is the main cross-reactivity antibody for both primary and
secondary DENV infections (p-value < 0.05). However, ZIKV neutralizing
antibody titers were lower than the homologous DENV serotypes. The
results from this study demonstrate the cross-neutralization of DENV
antibodies using a flow cytometry-neutralization assay against ZIKV and
highlight the need for advanced diagnostics to differentiate between the
two different infections.

THE CHANGING TREND OF JAPANESE ENCEPHALITIS VIRUS
EPIDEMICS IN CHINA

Huanyu Wang, Fan Li, Shihong Fu, Xiaolong Li, Xiaoyan Gao,
Guodong Liang

Chinese Center for Disease Control and Prevention, Beijing, China

Background: Japanese encephalitis (JE) is very prevalent in China. Methods/
Principal Findings: Data on JE in mainland China were collected between
2004 and 2014. We conducted spatial and temporal analyses on data from
different age groups. Generally, children aged 0-15 years still represent

the major population of JE cases in China, despite the gradual decrease in
incidence over years. However, the incidence of JE among adults in several
provinces is not ably higher than the national average, especially during
the epidemic waves in 2006, 2009 and 2013. Our results indicate that

the total number of JE cases in 2013 was significantly higher compared
with those in 2011 and 2012. The population aged over 40 years was
associated with the greatest increase of JE. JE incidence in the adult group
in September and October is significantly greater compared to the other
groups. Further analysis using Local Indicators of Spatial Association reveals
that the distribution of adult JE cases in the six provinces north of the
Yangtze River, between north 30-35°latitude and east 110-130° longitude,
is a hotspot for adult JE cases. By the new developed TagMan Real-time
RT-PCR detection system, a total of 3937 batches of mosquitoes collected
in nineteen provinces of China between 2004-2016 were detected for
Japanese Encephalitis Virus (JEV) and then differentiated for genotype.
Two hundred and seventy-five batches were identified as genotype 1 and
only one batch were genotype 5. Conclusions/Significance: Unlike the

JE epidemics primarily in children below 15 years old in southern China,
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a significant outbreak of JE occurred in northern China in 2013, with

the older age groups being the primary population affected. Molecular
epidemiology of JEV in mosquitoes in China during 2004-2014 discovered
that genotype 1 were the predominated strain circulating in China. The
increasing incidence of JE in adults has become an important public health
issue and poses a new challenge to the successful prevention and control
of JE in China as well as other countries in East Asia.

A WORLDWIDE SURVEY OF AEDES AEGYPTI SUSCEPTIBILITY
TO ZIKA VIRUS SHEDS LIGHT ON THE AFRICAN EXCEPTION
TO ZIKA EMERGENCE

Fabien Aubry’, Daria Martynow’, Artem Baidaliuk', Sarah H.
Merkling', Laura B. Dickson', Claudia M. Romero-Vivas?, Anubis
Vega-Rua’?, Isabelle Dusfour#, Davy Jiolle®, Christophe Paupys,
Martin N. Mayanja’, Julius J. Lutwama’, Alain Kohlé, Veasna
Duong?, Alongkot Ponlawat™, Van-Mai Cao-Lormeau', Richard
G. Jarman'?, Cheikh T. Diagne™, Oumar Faye'®, Ousmane Faye®,
Amadou A. Sall'®, Louis Lambrechts’

'Pasteur Institute, Paris, France, 2Universidad del Norte, Barranquilla,
Colombia, *Pasteur Institute, Guadeloupe, France, “Pasteur Institute,
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Zika virus (ZIKV) is a mosquito-borne flavivirus mainly transmitted among
humans through the bite of infected Aedes aegypti. After it was first
isolated in Uganda in 1947, ZIKV was shown to circulate in enzootic
sylvatic cycles in Africa and Asia but human infections remained sporadic
for half a century. The first reported human epidemic caused by ZIKV
occurred in 2007 on the Pacific island of Yap in the Federated States of
Micronesia. Subsequently, larger ZIKV outbreaks were recorded in French
Polynesia and other Southern Pacific islands in 2013-2014. In 2015, ZIKV
reached Brazil from where it rapidly spread across South and Central
America, infecting millions of people. The emergence of ZIKV caused
significant public health concern because of the associated birth defects
and neurological complications that have been observed since 2013. Until
now, the factors that have fueled the explosiveness and magnitude of
ZIKV emergence in the Pacific and the Americas are still largely unknown.
Another unresolved question is the lack of major human epidemic of
ZIKV in Africa despite seemingly favorable conditions. In order to evaluate
the potential role of vector population diversity in the recent patterns

of ZIKV emergence, we conducted the first worldwide survey of Aedes
aegypti susceptibility for ZIKV in natural populations. We established
dose-response curves for 8 field-derived mosquito populations spanning
the entire geographical distribution of the species, following experimental
exposure to 6 ZIKV strains representing the current extent of viral genetic
diversity. Our data show that susceptibility to ZIKV infection varies
substantially across mosquito populations, ZIKV strains, and their specific
pairings. Most importantly, our results reveal that African Ae. aegypti are
significantly less susceptible than non-African Ae. aegypti across all ZIKV
strains tested. Thus, low susceptibility of vector populations may have
contributed to prevent large-scale human transmission of ZIKV in Africa.

DEVELOPMENT OF A LATERAL FLOW ASSAY (LFA) FOR
SIMULTANEOUS DETECTION OF NOROVIRUS FROM
GENOGROUPS |, Il AND IV

Brianda Barrios-Lopez, Patrick Krause, David Anderson, Kathryn
Hjerrild, Jean Chen, Syamal Raychaudhuri

INBIOS International, Seattle, WA, United States

Infection with Norovirus (NoV) is a leading cause of acute gastroenteritis
frequently associated with large outbreaks in nursing homes, cruise
ships and other institutional facilities. On average 20 million cases of
NoV infection are identified in the United States each year. NoV is highly
contagious - transmission occurs by the fecal-oral route, mostly person
to person, but NoV outbreaks may also be associated with contaminated
food or water. The symptoms of nausea, vomiting, acute diarrhea and
fever usually resolve within 2-3 days, with a median duration for the illness
of 4-6 days. Currently the most sensitive NoV diagnostic tests are based
on RT-PCR methodology. However, RT-PCR testing is expensive, requires
specialized equipment, and its clinical specificity is often poor. There is
thus an urgent need for an inexpensive, rapid, sensitive and specific test
for NoV that can be applied in the field to immediately identify NoV as
the cause of an outbreak allowing implementation of remedial steps at
an early stage. NoV is classified into five genogroups, with most human
infections caused by genogroups |, Il and, to a lesser extent, IV. These
genogroups are subdivided into more than 30 genotypes with genotype
Gll.4 responsible for the majority of norovirus infections globally. Our
objective is to develop a sensitive and specific immunoassay-based LFA
to simultaneously detect NoV from genogroups |, Il and IV. Test lines
were sprayed using a combination of genotype-specific monoclonal
antibodies (mAbs) which sandwich NoV Virus Like Particles (VLPs) when
used in conjunction with a second set of NoV-specific mAbs conjugated
to colloidal gold. Human fecal samples are collected and diluted with
running buffer for immediate analysis, or placed in a long-term storage
buffer for off-site analysis. When fecal samples are spiked with NoV VLPs
of genotypes |, Il or IV and spotted onto the test strip positive identification
of infection can be determined within 30-minutes with a sensitivity down
to 5ng/mL NoV VLP. This is the only NoV LFA test available capable of
simultaneous early detection of all three genotypes of NoV that infect
humans.

THE 2017 MONKEYPOX OUTBREAK IN NIGERIA -REPORT
OF OUTBREAK EXPERIENCE AND RESPONSE IN THE NIGER
DELTA UNIVERSITY TEACHING HOSPITAL, BAYELSA STATE,
NIGERIA

Dimie Ogoina’, James Hendricks', Neni Aworabhi?, Adesola F.
Yinka-Ogunleye?, Ebitimitula N. Etebu?, Wari Numbere3, Uchenna
Uchenna Anebonam?
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After 30 years, Nigeria experienced the first outbreak of human
monkeypox beginning in September 2017. We hereby present the
outbreak experience and response in the Niger Delta University Teaching
Hospital (NDUTH), a tertiary hospital situated in South-South Nigeria where
the first case and majority of cases of human monkeypox were treated.
This was a mixed model study undertaken between 22nd September and
31st December 2017. We report the plans and activities of the monkeypox
response team, the opinions and behaviour of staff during the outbreak
and the management of suspected cases and false alarms at the hospital.
On 22nd September 2017, an 11-year-old boy was admitted at the
NDUTH with generalised papulopustular rashes suggestive of monkeypox.
Hospital, state and national authorities were immediately notified. With
the support and partnership of the Bayelsa State Ministry of Health and
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the Nigerian Centre of Disease Control (NCDC), the hospital provided
isolation facilities and resources, organised sensitization and training of
staff and designated clinical teams for case management. At the onset of
the outbreak, fear of being infected and worries concerning the level of
outbreak preparedness of the hospital were reported among staff. There
were reported absenteeism, avoidance of isolation facilities and reluctance
to participate in case management. However, after repeated sensitization
and training, the hospital was able to quickly mobilise a multi-disciplinary
team for surveillance and case management. There were more than 18
false alarms and 26 suspected monkeypox cases (18 laboratory confirmed
cases) seen at the hospital during the study period. Apart from a case of
suicide, all patients made good recovery and were discharged. Our results
suggest that outbreak response in hospitals is negatively influenced by
fear and limited epidemic preparedness. It however emphasizes the place
of proactive leadership, partnership, expertise, training and team work in
containing infectious disease outbreaks.

ZIKA VIRUS AND THE WORLD HEALTH ORGANIZATION
CRITERIA FOR DETERMINING RECENT INFECTION USING
PLAQUE REDUCTION NEUTRALIZATION TESTING

Matthew J. Ward', Jackeline Alger?, Mabel Berrueta?, Harry
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Jorge Garcia?, Kimberly Garcia®, Ivette Lorenzana®, Wendy Lopez?,
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°Instituto de Investigaciones en Microbiologia, Centro de Investigaciones
Genéticas (CIG), Escuela de Microbiologia, UNAH, Tegucigalpa, Honduras,
%Departamento de Laboratorio Clinico, Hospital Escuela Universitario,
Tegucigalpa, Honduras, ’Instituto de Investigaciones en Microbiologia,
Centro de Investigaciones Genéticas (CIG), Escuela de Microbiologia,
UNAH, Tegucigalpa, Honduras

The recent Zika virus (ZIKV) epidemic swept across Latin America and

the Caribbean, where dengue virus (DENV) is endemic. The antigenic
similarities of these closely related flaviviruses left researchers and clinicians
with challenges to interpret serological tests. Thirty-six women attending
a prenatal clinic in Honduras and with positive DENV IgM ELISAs were
screened with a ZIKV IgM ELISA, RT-PCR for ZIKV and DENV 1 - 4, and
plaque reduction neutralization tests (PRNT) for ZIKV and DENV-2. PRNT
results were interpreted using the World Health Organization (WHO) and
Centers for Disease Control and Prevention (CDC) criteria. Using WHO
criteria of a PRNT9O0 titer > 20 and a four-fold difference between ZIKV
and DENV titers, we determined that 83.3% of samples had a recent ZIKV
infection, compared to 5.6% using CDC criteria. The interpretation of
ZIKV PRNTs in a DENV endemic region is highly dependent on the choice
of interpretation criteria.

TOTIVIRUSES, PARASITES, AND EVERYTHING ELSE

Ahmad Ali Garziz, Henk R. Braig
Bangor University, Bangor, United Kingdom

Totiviridae are unsegmented, icosahedral dsRNA viruses which display a
fascinating diversity of hosts, a disparity of host effects, and a divergence
of transmission strategies. Hosts include human parasites like Giardia,
plant parasitic oomycetes, fungi and yeasts, red macroalgae (seaweed),
terrestrial crustaceans like woodlice, insects like flies, mosquitoes, ants
and wasps, marine crustaceans like shrimp, but also fish, fresh water
snails that are intermediate hosts to parasites, and plants like papaya,
notoginseng, maize, and wild petunias. In Leishmania and Trichomonas,
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the viruses increase the virulence of the parasites (hypervirulence),

while in Victoria blight of oats it reduces the virulence of the fungus
(hypovirulence). In salmon, smelt, and shrimp, it causes myocarditis and
myonecrosis, in golden shiners it is asymptomatic. In Leishmania and many
fungi and some plants, it is non-infectious and vertically transmitted,
while in Giardia, fish, shrimps, and papaya, it is horizontally transmitted.
Using PCR with degenerate primer sets, we are trying to explore the
taxonomic boundaries of the vertically transmitted viruses in parasites to
estimate the evolutionary age of first infection, the virulence in Giardia,
and the evolutionary origin of dsRNA viruses in arthropods, especially
sand flies, which are vectors of Leishmania. In a new development,
Leishmania species not infected with totiviruses show an infection with
Narnaviruses. Both viruses are vertically transmitted. The original concept
that the Leishmania clade has only been infected once and subsequently
lost the infection in several lineages has been challenged with these new
discoveries.

EXTENSIVE SEROLOGICAL SURVEY FOR MULTIPLE SPECIES
OF EBOLA VIRUSES IN A WIDE DIVERSITY OF BAT SPECIES IN
GUINEA, CAMEROON AND THE DEMOCRATIC REPUBLIC OF
CONGO

Placide K. Mbala

Institut National de Recherche Biomedicale, Kinshasa, Democratic Republic
of the Congo

The animal reservoir(s) and ecology of Ebola viruses (EBV) remains largely
unknown, but previous detection of viral RNA and anti-EBV antibodies in
bats suggest that they may play a role in zoonotic transmission. Bats were
captured in Guinea, Cameroon and the Democratic Republic of Congo
(DRC) between November 2015 and August 2017. Samples were screened
for cross-reactive EBV antibodies with a high throughput Luminex-based
assay to different antigens from four different Ebola viruses; Zaire (EBOV),
Sudan (SUDV), Bundibugyo (BDBV) and Reston (RESTV). Cut-off values
were calculated using four different more or less stringent methods

and samples were considered positive when simultaneous presence of
antibodies to NP and GP was observed. 4,022 bats were studied, from at
least ten frugivorous (n=1,736) and 27 insectivorous (n=2,286) species.
Between 0.05 and 0.92 % (2 to 37) bats have cross-reactive antibodies
to EBOV and 0.0 to 0.75 % (0 to 30) to SUDV. Higher reactivity was

seen in frugivorous bats. With stringent and less stringent cut-off values,
EBOV and SUDV cross-reactive samples were seen in one insectivorous
genus (Mops) and three frugivorous species (Eidelon helvum, Hypsignatus
monstruosus, Rousettus aegyptiacus). With less stringent methods only,
cross-reactive antibodies were also seen in three additional frugivorous
species, EBOV in Lissonycteris angolensis and Epomophorus sp. and SUDV
in Micropteropus pusillus. EBOV and SUDV cross-reactive samples were
observed in Cameroun and Guinea, and in DRC only SUDV. All samples
from Epomops franqueti and Myonycteris torquata were negative. \We
confirmed the presence of cross-reactive EBOV antibodies in three to five
frugivorous bat species and one insectivorous genus previously reported
seropositive, and one new frugivorous species (L.angolensis). EBOV and
SUDV apparently co-circulate in certain species and could be widespread
across Africa. More studies are needed on significance of EBV antibodies
and viral persistance to clarify the role of bats in EBV ecology.
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MARBURG VIRUS ANGOLA STRAIN: MORE VIRULENT
THAN MUSOKE IN CYNOMOLGUS MONKEYS MACACA
FASCICULARIS?

Paul W. Blair', Maryam Keshtkar-Jahromi', Kevin J. Psoter',
Anthony P. Cardile?

"Johns Hopkins University School of Medicine, Baltimore, MD, United
States, 2United States Army Medical Research Institute of Infectious
Diseases, Frederick, MD, United States

From 2004 to 2005, an outbreak of Marburg virus, a filovirus, in Angola
led to a case-fatality rate of 90 percent. However, little information is
available regarding the virulence of the Angola strain from this outbreak
compared to the virulence of other strains. Therefore, we sought to assess
time to selected outcomes in non-human primates (NHPs) experimentally
infected with either Angola or Musoke Marburg strains. Between 2014
and 2017, eight therapeutic trials at the U.S. Army Medical Research
Institute of Infectious Diseases were conducted in Macaca fascicularis
monkeys challenged with 1000 plaque forming units of Marburg virus
administered intramuscularly. The current study population was comprised
of 47 control NHPs, of which, 18 were administered Angola strain in
three separate trials and 29 with Musoke strain in five trials. Clinical
responses including development of rash and oral intake were collected
following infection. The primary outcome of interest was time to death
or euthanasia post-inoculation comparing strains using Cox proportional
hazards regression. Secondary endpoints included time to development
of a petechial rash and time to decreased appetite. Following Marburg
challenge, all NHPs died and most NHPs experienced decreased food
consumption (96%), and petechial rash (93%). Irrespective of strain,
petechial rash was preceded by decreased food consumption by 1.1

days (SD 1.9) on average. The median time to death for Angola-infected
NHPs was 8.1 days (25th, 75th percentiles: 7.91, 8.90), whereas Musoke-
infected NHPs survived for a median of 10.0 days (25th, 75th percentiles:
9.00, 10.88). Angola strain was associated with a statistically significant
increased risk of death (HR=22.10; 95% Cl: 7.08, 68.93), development
of petechiae (HR=22.10; 95% Cl: 7.08, 68.93) and loss of appetite (HR=
5.87;95% Cl: 2.76, 12.51). In conclusion, this was the first study to
compare clinical characteristics in NHPs between these strains. Our data
support increased virulence of Angola strain compared to Musoke strain.
Pathophysiological mechanisms involved in increased virulence require
further study.

ADAPTIVE PHENOTYPIC PLASTICITY IN AEDES MOSQUITO
POPULATIONS AND SPECIES IN RESPONSE TO VARYING
TEMPERATURE REGIMENS

Maria G. Onyango, Sean Bialosuknia, Anne Payne, Nick Mathias,
Alex Ciota, Laura Kramer

New York State Department of Health, Griffin Laboratories, Slingerlands,
NY, United States

The mosquitoes Aedes aegypti and Aedes albopictus are vectors of several
arboviruses of global public health importance (dengue, yellow fever,
chikungunya and Zika). The recent past has witnessed an unprecedented
geographical range expansion of Aedes mosquitoes which will be
exacerbated further by climate change in the future. To understand the
fitness effect of temperature on Aedes mosquitoes, this study compares
and describes the impact of varying temperature regimens on the
immature and mature development stages of two populations and species
[Ae. aegypti (Miami, Florida and Poza Rica, Mexico) and Ae. albopictus
(Long Island, New York population)]. Mosquito were hatched and reared
at high (day 32°C/ night 28°C), moderate (day 30°C/ night 26°C) and

low (day 28°C/ night 24°C) temperature regimens to simulate current

and predicted future conditions during peak transmission. Variation in

the hatch rate was observed at both the population and species level (Chi

square 342.3, df 5) P<0.0001. Adults of Ae. aegypti populations reared
at the highest temperature regimen were the first to emerge and the last
were Ae. albopictus species reared at the lowest temperature regimen.
Ae. aegypti populations reared at the highest temperature regimen
demonstrated an expedited development rate. Increased temperatures did
not significantly affect blood feeding frequency (Kruskal-Wallis statistic

= 3.484 P (0.6258) or adult longevity [Log rank (Mantel-Cox) test Chi-
square 3.593, df 5 P (0.6094)]. Skip oviposition behavior was evident in
Ae. aegypti Miami and Ae. albopictus populations. Adaptive phenotypic
plasticity due to temperature variation is evident in the Ae. aegypti Miami
population in this study. There exists inter-population and species-specific
differences in life history traits. In order to more completely characterize
the relationship between temperature and virus transmission vector
competence of Zika virus was also assessed. Together, these studies
provide a comprehensive assessment of the effect of temperature and
population on vectorial capacity of Aedes mosquitoes in the Americas.

NEED FOR REAL TIME ARBOVIRAL SURVEILLANCE DATA
TO PREVENT OUTBREAKS. A RETROSPECTIVE STUDY OF
ZIKA, CHIKUNGUNYA, AND DENGUE OUTBREAKS IN CALI
COLOMBIA 2014 TO 2016

Amy R. Krystosik', Angelle D. LaBeaud', Diana Déavalos?, Madhav
P. Bhatta?, Andrew Curtis*, Robinson Pacheco?, Paola Buritica®,
Alvaro A. Alvarezs, Jorge H. Rojas Palacios’, Mark A. James?

'Department of Pediatrics, Division of Infectious Disease, Stanford
University, Stanford, CA, United States, ?Department of Public Health
and Community Medicine, Universidad ICESI, Cali, Valle del Cauca,
Colombia, *Department of Biostatistics, Environmental Health Sciences,
and Epidemiology, College of Public Health, Kent State University, Kent,
OH, United States, “Kent State University, the GIS, Health & Hazards Lab,
Department of Geography, Kent State University, Kent, OH, United States,
*Universidad Libre, Facultad de Salud, Cali, Valle del Cauca, Colombia,
6Caucaseco Scientific Research Center, Cali, Valle del Cauca, Colombia,
’Secretaria de Salud de Cali, Colombia, Cali, Valle del Cauca, Colombia,
8Department of Biostatistics, Environmental Health Sciences, and
Epidemiology, College of Public Health, Kent, OH, United States

Arboviruses are responsible for a large burden of disease globally.
Although current surveillance systems around the world and in Cali,
Colombia are insufficient to predict and control future arboviral outbreaks,
we hypothesize that spatial and temporal patterns exist which could be
used to enable better prediction and planning at the policy level. We
queried The National System of Vigilance in Public Health (SIVIGILA)

for chikungunya (CHIKV), dengue (DENV), and Zika (ZIKV) viral cases
between October 2014 and April 2016 in the urban area of Cali,
Colombia. Determination of infection included laboratory or syndromic
surveillance. After one case was confirmed by RT-PCR in a municipality,
patients not classified as risk groups could have been diagnosed clinically.
Laboratory confirmation was based on IgM and IgG detection, NS1
detection, virus isolation, or RT-PCR. All cases were georeferenced using
Municipal Secretary of Health software. Spatial and temporal clusters
were identified using SatScan in R. The query resulted in 33,443 records.
26,985 were georeferenced: 2,636 CHIKV cases, 3,139 ZIKV cases, and
21,210 DENV cases were included in the final analysis. Of 21,210 DENV
cases, 14% were lab-confirmed (0% ZIKV and 0% CHIKV). Acute testing
vs clinical diagnosis was 56.5% sensitive, whereas severe dengue had
higher sensitivity (85.7%) compared to non-severe dengue (56.1%) and
dengue death (57.1%). We observed spatial clustering of acute testing

in the north-west of the city (RR= 1.38 and p<0.001), suggests inequality
in access to care and diagnostics. Sensitivity of lab vs clinical diagnosis
was also clustered spatially, suggesting heterogeneity in clinical training.
Patterns in incident cases emerged over time with clear outbreak seasons
and concurrent outbreaks and over space in high risk neighborhoods.
Despite gaps in the current surveillance system, we identified patterns over
time and space. If these data were available prospectively, the public health
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system could predict outbreaks, more efficiently allocate limited resources,
reduce burden on the public health system, and prevent morbidity and
mortality due to arboviruses.

SURVEILLANCE OF NOROVIRUS AMONG CHILDREN WITH
DIARRHEA IN FOUR MAJOR HOSPITALS IN BHUTAN:
REPLACEMENT OF GIlI.21 BY GII.3 AS A DOMINANT
GENOTYPE

Sonam Wangchuk', Takashi Matsumoto?, Hidekatsu Iha?,
Kamruddin Ahmed?

'Royal Centre for Disease Control, Thimphu, Bhutan, 2Department

of Microbiology, Faculty of Medicine, Oita University, Yufu, Japan,
3Department of Pathobiology and Medlical Diagnostics, Faculty of Medicine
and Health Sciences, Universiti Malaysia Sabah, Kota Kinabalu, Sabah,
Malaysia

Diarrhea is a major cause of morbidity and mortality among Bhutanese
children. Norovirus (NoV) is an important cause of diarrhea worldwide
and in Bhutan. In 2010-2012, GlI.21 was found the major genotype
circulating in Bhutanese children in contrast to globally prevalent Gll.4
genotype responsible for NoV infections. The study was conducted in
2013-2014 to update and describe the transformation and distribution
of the NoV genotype among Bhutanese children. Total 623 diarrheal
stool samples were collected at three-referral hospital and one general
hospital from June 2013 through May 2014 from children under 5 years
of age. NoV was detected by reverse transcription-polymerase chain
reaction (RT-PCR) by amplifying the capsid gene. The RT-PCR results were
confirmed by nucleotide sequencing of the amplicons. The proportion of
NoV-positive stool samples was 23.6% (147/623), of which 76.9% was
NoV Gll. The median age of infected children was 15.5 months. NoV GlI
was most prevalent in the colder months (late November-mid April). The
most common genotypes prevalent were GlI.3 (42.6%), Gll.4 Sydney
2012 (15.8%), and GlI.4 unassigned (11.9%). No GII.21 was found in any
child in the present study. NoV remains an important cause of diarrhea
among Bhutanese children. Genotype GII.3 from a single ancestor strain
has spread, replacing the previously circulating Gll.21. To develop a NoV
infection control policy, further studies are needed.

INTERSECTORAL COLLABORATION EFFORTS AND LESSONS
LEARNED IN EBOLA VIRUS DISEASE RESPONSE IN
NIGERIA-2014

Abimbola Aman-Oloniyo', Saheed Gidado?

"Walden University, Online, Nigeria, °Nigeria Field Epidemiology and
Laboratory Program, Abuja, Nigeria

The 2014 Zaire species, Ebola Virus Disease (EVD) outbreak was first
reported in Guinea and spread to countries including Nigeria which
reported the first confirmed case 20" July 2014, had 20 cases and 8
deaths (CFR 40%) and was declared Ebola-free by WHO 20t October
2014. We reviewed the response/collaborative efforts in EVD control in
Nigeria We conducted a desk review of the Ebola response activities and
collaborative efforts at the National level of administration following

the outbreak of EVD in Nigeria between July and September, 2014. Of

20 cases and 8 deaths, healthcare workers (HCWSs) who were primary
contacts of index case constituted 9(45%) cases 4(50%) deaths; 2 (10%)
cases and 1(12.5%) death were secondary contacts; one nosocomial
infection also occurred. EVD response efforts involved collaboration of
Government, Non-governmental organizations (NGOs) and private sector.
Government provided EVD-specific financial resources and was responsible
for response coordination (through an Ebola Emergency Operation
Center), NGOs/ partners deployed experts/ staff and donated funds/
resources. Private sector donated funds, vehicles, ambulances, protective
equipment, call centers, mobile phones (including complimentary airtime).
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Response activities included trainings of all cadres of HCWs at public
and private HFs, sensitization, public enlightenment and community
mobilization on EVD, EVD surveillance (active case search and contact
tracing (891 of 892 (99.9%) contacts completed follow up), outbreaks
and rumour investigation and response, laboratory investigation (62
specimens tested), case management, safe burial, psychosocial support,
decontamination, operational research and ports of entry activities
involving average of over 10,000 daily passenger screenings. A gap in
hospital infection control aided the spread of EVD outbreak in Nigeria;
restricted movement of primary contacts may have stemmed the spread.
The collaboration of various sectors helped in adequate response activities
to control the outbreak of EVD in Nigeria. Improved hospital infection
control practices are recommended.

PLUG AND DISPLAY VIRUS-LIKE-PARTICLE VACCINES FOR
OUTBREAK PATHOGENS

lona J. Taylor', Yu Zhou', Yuanyuan Li', Siti Nagiah Amrun?, Olga
Dolnik?, Arianna Marini', Stephan Becker?, Lisa F. P. Ng?, Sumi
Biswas!

"University of Oxford, Oxford, United Kingdom, ?Singapore Immunology
Network , Agency for Science, Technology and Research (A*STAR),
Singapore, Singapore, *Philipps University of Marburg, Marburg, Germany

A fast and effective response to emerging and outbreak diseases

requires a vaccine platform that is adaptable, highly immunogenic,

rapidly produced and has a previously demonstrated safety profile. The
SpyCatcher/SpyTag biochemical superglue technology enables the rapid
and efficient development of highly immunogenic virus like particle

(VLP) vaccines against target pathogens. The Spy (from Streptococcus
pyogenes) protein was divided into a peptide, SpyTag, and a protein
partner, SpyCatcher. Once combined, the two react to form a spontaneous
irreversible isopeptide bond. VLPs are a platform technology that is used
to produce vaccines against many different diseases. These technologies
are particularly suited for the induction of strong antibody responses,
which are achieved through presentation of an ordered antigen array

to the immune system. The SpyCatcher/SpyTag technology has been

used to establish a novel chimeric VLP vaccine platform technology for
decorating VLPs simply by mixing with protein antigen in a “Plug-and-
Display” manner. This approach overcomes the well-described challenges
of producing VLP carriers with complex antigens genetically-fused on their
surface, or low conjugation efficiency often reported when using chemical
conjugation. The SpyTag-SpyCatcher technology has been used previously
to enhance humoral immunogenicity by displaying malaria antigens on
VLPs. The application of this technology for the development of vaccines
against Ebola and Zika viruses will be discussed. Immunogenicity and
neutralisation data from mice immunised with glycoproteins from Ebola
and Zika viruses will be presented which demonstrate the versatility and
applicability of the platform to generate vaccines against new epidemics
and emerging infections.

RESPIRATORY PATHOGENS IN CHILDREN ONE MONTH TO
FIVE YEARS OF AGE PRESENTING WITH UNDIFFERENTIATED
ACUTE RESPIRATORY DISTRESS IN TWO DISTRICT-LEVEL
HOSPITALS IN GHANA

Frank Baiden', Camilla Eiffe?, Justice Sylverken?, Kwadwo Nyarko-
Jectey?, Marco M. Salerno®, Harry Tagbor®, Patrick T. Wilson®
'London School of Hygiene & Tropical Medicine, London, United Kingdom,
2NHS Paediatric Registrar, London, United Kingdom, *Komfo Anokye
Teaching Hospital, Kumasi, Ghana, “Mampong Municipal Hospital,
Mampong, Ghana, *Columbia University, New York, NY, United States,
SUniversity of Health and Allied Sciences, Ho, Ghana

A majority of the one million deaths from pneumonia in children under
five each year occur in low- and middle-income countries where advanced
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laboratory diagnostics are often lacking. This has led to a lack of accurate
epidemiological data. We report diagnostic results of a cohort of children
in Ghana presenting with acute respiratory distress that were tested for
common respiratory pathogens. This study describes the epidemiology

of respiratory pathogens in children one month to five years of age
presenting with undifferentiated respiratory distress in two district-level
hospitals in Ghana. Nasopharyngeal swabs were obtained at time of
presentation and tested by the BioFire FilmArray PCR assay for 17 viral and
3 bacterial pathogens. 2176 children were tested and 1276 (59%) were
found to be positive for one or more organisms. Most (83%) were single
infections with rhinovirus/enterovirus (36%) being the most common
organism detected, followed by respiratory syncytial virus (11%) and
parainfluenza (7%). Influenza was detected in less than 3% of children in
the cohort. Both respiratory syncytial virus and human metapneumovirus
were more frequently detected during the rainy season. 64% of children
with respiratory pathogens detected also tested positive for malaria. In
conclusion, detection of a respiratory pathogen in children presenting
with undifferentiated acute respiratory distress in a lower-middle-income
country was common, with rhinovirus/enterovirus most commonly
identified. Influenza was infrequently detected, and both respiratory
syncytial virus and human metapneumovirus were detected more
frequently during the rainy season as compared to the dry season. Malaria
was a common co-infection.

EVIDENCE OF CIRCULATION OF OTHOBUNYAVIRUSES IN
MOSQUITOES FROM VANGA ISLAND, KWALE COUNTY,
KENYA

Hellen S. Koka', Edith Koskei’, Albert Nyunja', Joel Lutomiah?,
James Mutisya', Francis Mulwa', Samuel Owaka', Fredrick Eyase’,
Rosemary Sang?

"U.S. Army Medical Research Directorate-Kenya, Nairobi, Kenya, *Kenya
Medical Research Institute, Nairobi, Kenya

A new site, Vanga island in Kwale County was recently added to the
on-going arbovirus surveillance program in Kenya. Vanga island is on

the southern tip of Kenya, bordering Tanzania. The area has mangrove
plantations and fishing is the main economic activity. No survey has been
carried out in this particular geographical location. Approximately 9544
mosquitoes were collected using CO,-baited CDC light traps and BG-
Sentinel traps, identified to species and pooled < 25 mosquitoes per pool.
The 649 mosquito pools obtained were homogenized using Minimum
Essential Medium supplemented with Foetal Bovine Serum, L-Glutamine
and antibiotics. Homogenates were clarified by centrifugation and the
resultant supernatants inoculated in monolayers of VERO cells in 24 well
plates. The cultures were incubated at 37°C and monitored for cytopathic
effects (CPE) daily for 14 days. Cultures showing CPE were harvested and
viruses identified by RT-PCR and sequencing. Ten Orthobunyavirus isolates
were obtained from pools of Aedes pembaensis (5), Ae. tricholabis (1),
Culex pipens (3) and Cx. zombaensis (1). The preliminary sequencing
results indicate that the isolates have 99% sequence homology to
Bunyamwera and Ngari viruses. Specific PCR will be done using the S, L
and M segments primers of Bunyamwera and the M segment primers

for Batai virus to characterize the isolates further. These findings are
important because reassortment and recombination occurs frequently

in Orthobunyaviruses and may potentially cause the emergence of new
viruses that may be of public health importance in the region. The site
borders Tanzania and data from this study will also be able to assist in
mapping out risk zones.

ASKING THE RIGHT QUESTIONS: A COMMUNITY
CONSULTATION APPROACH TO PROMOTING RABIES
AWARENESS IN CHILDREN AND YOUNG PEOPLE IN RURAL
TANZANIA

Lwitiko Elton Sikana
Ifakara Health Institute, Morogoro, United Republic of Tanzania

Rabies, transmitted largely by dog bites, kills many young people in rural
Africa. Solutions are available, but difficult to implement, and awareness-
raising often focuses on schools only. Moreover, standard solutions may be
limited in village communities by specific socio-economic factors. The aim
of the study is to test the efficacy of preventing rabies in young people by
involving key community stakeholders in formulating and implementing
local action plans and building local support networks. A mixed qualitative
and quantitative approach was used. In six randomly selected villages in
Kilosa, Tanzania, teachers delivered standard rabies prevention information
in schools. In three of the villages, key-informant interviews were also held
with health and veterinary staff to help identify key village and professional
stakeholders for interactive workshops, where low-resource strategies
were discussed and agreed for overcoming limitations to prevention.
Extensive KAP surveys were conducted in all six villages before and after
the intervention, and rabies bite data will help assess the longer-term
impact of the methodology. Findings show that a good understanding

of prevention was reported in schools, but there was no mechanism for
taking this forward. The interviews and workshops, however, revealed a
wide range of local socio-economic obstacles to preventing rabies, and
low-cost solutions which emerged from workshops were formulated into
action plans to be implemented by each group. The process developed a
cross-sector support network for all involved. Disease prevention involves
a range of socio-economic factors specific to each community. Delivering
standard prevention information is often insufficient to sustain the

good practice, and communities need to share ownership of solutions,
messages, and strategies. Identification and discussion of issues by a wide
range of local stakeholders should, therefore, be an essential first step in
interventions. Community-generated action plans can help governments
and international bodies develop more integrated and sustainable
prevention processes.

IMMUNE RESPONSE PROFILING OF SUSPECTED LASSA FEVER
CASES AT IRRUA SPECIALIST TEACHING HOSPITAL DURING
2018 LASSA FEVER OUTBREAK

Eghosasere A. Uyigue', Matthew L. Boisen?, Patience
Akhilomen3, John Aiyepada?®, lkpowosa Odia?, Tolulope Kayode',
Diana S. Nelson?, Duane S. Bush?, Blessing Osiemi3, Micheal
Airende?, Grace E. Okonofua®, Racheal Ukpetena®, Ekene
Muobonam?, Omige Omoregie?, Philomena Eromon’, Kayla
Barnes*, Katherine Siddle®, Samar Mehta®, Dylan Kotliars, Bridget
Chaks, Stephan Gunther®, Luis M. Branco?, Pardis Sabetis, Christian
T. Happi', Robert F. Garry’

'Redeemer’s University, Ede, Nigeria, °Zalgen Labs, LLC, Germantown,
MD, United States, *Institute of Lassa Fever, Research and Control, IRRUA
Specialist Teaching Hospital, Irrua, Nigeria, “Broad Institute and Harvard
University, Boston, MA, United States, *Harvard University, Boston, MA,
United States, Department of Virology, Bernhard-Nocht-Institute for
Tropical Medicine, Hamburg, Germany, “Tulane Health Sciences Center,
Tulane University, New Orleans, LA, United States

Lassa fever (LF) is a severe, often fatal, viral hemorrhagic fever endemic
in several West African countries. Beginning in January 2018, Nigeria
experienced an unusual surge of LF cases and as of March 18" the
Nigerian Center for Disease Control reported a total of 1495 suspected
cases with 376 laboratory confirmed, 9 probable LF, and 119 deaths for
a case fatality rate (CFR) equal to 25%. During this period, ReLASV®
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Pan-Lassa rapid tests and ELISA immunoassays (Zalgen Labs, Maryland,
USA) were field tested in the Lassa Surveillance Program laboratory at
Irrua Special Teaching Hospital (ISTH), Edo State, Nigeria. The ReLASV®
Pan-Lassa in vitro diagnostics (IVD) utilized a mixture of recombinant

Lassa virus (LASV) nucleoprotein (NP) antigens representing the known
circulating strains of LASV in West Africa, including LASV lineage Il and Il
in Nigeria. The Pan-Lassa Antigen Rapid Test (RDT) and Antigen ELISA Test
are capable of detecting LASV NP antigenemia in LF patient samples. The
Pan-Lassa IgG/IgM ELISA Test is capable of detecting NP-specific IgG or
IgM in patient samples from the immune response to LASV viremia. During
the field trial, suspected LF cases (n=762) were screened at admission

by LASV gRT-PCR, 363 cases were positive without utilization of cycle
cut-offs. 78% (50/64) of Pan-Lassa RDT positives were confirmed by gRT-
PCR. 100% (48/48) Antigen ELISA positives were confirmed by gRT-PCR.
Pan-Lassa IgG/IgM ELISA identified 155 of 345 samples as IgG/IgM sero-
positive, 94.2% (146/155) were reactive by gRT-PCR. The ReLASV tests
were capable of identifying active LF cases as demonstrated by increased
CFR for LASV NP antigen positive samples 42.6% (29/68), reduced CFR for
IgG/IgM positive samples 12.6% (14/111), and CFR only 3.2% (4/124) for
immunoassay negative samples. The ReLASV® Pan-Lassa RDT and ELISA
Test have demonstrated capacity to accurately detect active LF cases during
point-of-care screening procedures, including testing of LASV antigenemia
and IgG/IgM immune response. LF immunoassay screening, combined
with gRT-PCR, is an important addition to medical countermeasures for LF
surveillance in West Africa.

SILENT POLIO OUTBREAK IN RAHAT, ISRAEL:
EPIDEMIOLOGIC FINDINGS BASED ON MODELING OF
ENVIRONMENTAL SURVEILLANCE DATA

Andrew F. Brouwer’, Connor D. Pomeroy', Lester M. Shulman?,
James S. Koopman', Joseph N. Eisenberg’, Marisa C. Eisenberg'

"University of Michigan, Ann Arbor, MI, United States, *Tel Aviv University,
Tel Aviy, Israel

Israel experienced an outbreak of wild poliovirus type 1 (WPV1) in 2013-
14, detected through environmental surveillance of the sewage system.
No cases of acute flaccid paralysis were reported, and the epidemic
subsided after a bivalent oral polio vaccination (bOPV) campaign. As

we approach global eradication, polio will increasingly be detected only
through environmental surveillance. We developed a framework to
convert quantitative polymerase chain reaction (QPCR) cycle threshold
data into scaled WPV1 and OPV1 concentrations for inference within

a deterministic, compartmental infectious disease transmission model.

We used this approach to estimate the epidemic curve and transmission
dynamics, as well as assess alternate vaccination scenarios. Our analysis
suggests that the outbreak peaked approximately one month earlier

than previous estimates derived from analysis of stool samples, and we
estimate the basic reproduction number was 1.36 (95% Cl 1.22-1.48).
Model estimates indicate that 37% of susceptible individuals (primarily
children under 10) were infected with WPV1, mostly prior to vaccination
campaign onset, and that the vaccination campaign averted 24% of
WPV1 infections. As we approach global polio eradication, environmental
monitoring with quantitative PCR can be used as a highly sensitive method
to enhance disease surveillance. Our analytic approach brings public health
relevance to environmental data that, if systematically collected, can guide
eradication efforts.

VIROLOGICAL INVESTIGATION OF ACUTE FLACCID
PARALYSIS CASES IN ETHIOPIA; 2007-2017 RETROSPECTIVE
STUDY ON DECADES OF VIROLOGICAL FINDINGS

Mesfin Tefera', Berhane Beyene', Tassew Kassa', Yoseph
HaileMariam’, Anjelo Asha', Aklog Afework!, Mekonen Getahun',
Menberu Tedla', Birke Teshome’, Gelila Demise’, Wubayehu
Kassa', Esete Assefa’, Asefash Getachew', Dejenie Shiferaw’,
Hiwot Ketema', Ayenachew Bekele’, Nicksy Gumede-Moeletsi?,
Almaz Abebe’

'Ethiopian Public Health Institute, Addis ababa, Ethiopia, ?WHO Africa
Regional Office, Brazzaville, Republic of the Congo

Polioviruses are highly infectious human entero-viruses mainly responsible
for the clinical syndrome Acute Flaccid Paralysis (AFP). Despite remarkable
worldwide success, emergence of potentially neuro-virulent strain of
vaccine derived polioviruses (VDPVs) due to prolonged shedding and
replication in immuno-compromised individuals (iVDPV) or following
persistent circulation in populations with immunity gaps (cVDPV) and
transmission from epidemiological blocks which are reservoirs of poliovirus
constitute major concerns for the global polio eradication endgame
strategy. This study aims to provide critical information on epidemiology
and viral etiology of AFP cases reported over the last decade by the
Ethiopian AFP surveillance system. Stool specimens collected from AFP
patients were transported to the Ethiopian Public Health Institute. Virus
isolation was done by inoculating stool suspension into RD and L20B cells
lines and observing for any cytopathic effect. Virus isolates were serotyped
using Real Time PCR technique. Data entry and analysis was done using
Epi-Info software. A total of 25710 specimens were investigated from
2007-2017 and 2808 enteroviruses isolated. Out of these, 1031(36.7%)
were polioviruses (PVs) and 1777(63.3%) were non-polio enteroviruses
(NPEV). 14 of PV isolates were wild-type1 four of which isolated in

2008, nine in 2013 due to importations form South Sudan and Somalia
respectively. The last case of wild-type 1 PV isolated in Ethiopia was in
2014 from Somali region. 15 of the PV isolates were VDPVs (type 2 &3)
with genome variation in the VP1 region from corresponding OPV strain.
The remaining 1002 virus isolates were vaccine related Sabin strains. Our
findings indicate NPEVs being predominant viruses frequently isolated
from AFP cases investigated suggesting paramount importance of routine
entero-virus surveillance system, study of their transmission dynamics

and circulating genotypes so as to determine their role as non polio AFP
etiologies. Continued virus tracking and uninterrupted immunization to
maintain high herd immunity remain crucial in polio eradication era and
post-polio world.

OROV ISOLATION IN A NORTHERN REGION OF PERU:
FIRST MOLECULAR IDENTIFICATION AND CLINICAL
CHARACTERISTICS

Johanna Martins-Luna', Fernando Mazulis', Miguel A. Aguilar-
Luis?, Wilmer Silva-Caso’, Claudia Weilg', Luis del Valle3, Isabel
Sandoval4, Carlos Palomares-Reyes', Juana M. del Valle-
Mendozas

"Universidad Peruana de Ciencias Aplicadas, Lima, Peru, ?Universidad
Peruana de Ciencias Aplicadas, Instituto de Investigacién Nutricional,
Instituto de Investigacion de Enfermedades Infecciosas, Lima, Peru,
3Universidad Politécnica de Catalunya, Barcelona, Spain, “Direccion
Regional de Salud de Piura, Piura, Peru, *Universidad Peruana de Ciencias
Aplicadas, Instituto de Investigacion Nutricional, Lima, Peru

Oropouche virus (OROV) is an emerging infectious disease that is under-
reported due to the lack of molecular diagnostic tools and the clinical
similarities with other endemic arboviral diseases. The circulation of
OROV in Peru has been previously evidenced in regions such as Cuzco,
Cajamarca, and Madre de Dios. In this study, we report the first outbreak
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of OROV in the northern region of Piura in Peru that occurred during
April to August of 2016. A total of 496 patients were enrolled from a
local acute febrile illness surveillance program and their serum samples
were analyzed by RT-PCR, for the presence of OROV. On-site health care
professionals surveyed the clinical presentation of each enrolled patient
and a follow-up was scheduled to detect disease progression, recurrence
or deaths. Positive identification for OROV via RT-PCR, was found in
26,4% (n=131) of all samples. Among these, 55% (n=33) were males
and the patients that were most affected had 18-39 years (25.2%,

n=33). The most common symptoms reported by infected patients were
headache with 82.4% (n=108), myalgias with 77.9% (n=102), arthralgias
with 69.5% (n=91) and retro-ocular pain with 52.7% (n=69). During this
outbreak, some patients had a clinical presentation suggestive of severe
OROV infection including 3.1% (n=4) had intense abdominal pain, 0.8%
(n=1) had low platelet count, 1.5% (n=2) had melena, and 0.8% (n=1)
had gynecological bleeding. No recurrence or deaths were reported during
follow-ups. In conclusion, this study reports an outbreak of OROV in a
non-endemic northern region of Peru, where positive cases were identified
for the first time. The disease caused by OROV remains an emerging and
underdiagnosed infection that may be under-reported due to its clinical
similarity with other arboviral diseases and the lack of on-site diagnostic
methods suitable for endemic areas. This study demonstrates that the
inclusion of OROV in the Peruvian national surveillance program is of
paramount importance and that further research is required to determine
the virulence, pathogenesis, host range and vectors involved in OROV
transmission cycles.

RETINOID PROFILES IN PATIENTS WITH SEVERE MALARIA:
CASE CONTROL STUDY IN COLOMBIA

Veronica De Los Angeles Hernandez-Morales’, Anthony
Mawson', Luis Celis?, Amal Mitra’

"Jackson State University, Jackson, MS, United States, Universidad de La
Sabana, Bogota, Colombia

The malaria parasites Plasmodium falciparum and P, vivax selectively
absorbs vitamin A from host tissues and appears to depend on it for its
metabolism. While essential in low concentration for many biological
functions, vitamin A can be toxic in higher concentration. Such
observations led to the hypothesis that the pathogenesis of malaria
involves an endogenous form of hypervitaminosis A in which merozoite-
stage parasites use the vitamin A accumulated in the liver as a cell
membrane destabilizer to invade erythrocytes, which then circulate
throught the body, inducing signs and symptoms of malaria as an
endogenous form of hypervitaminosis A (Mawson, Pathogens and Global
Health, 2013; https://www.ncbi.nlm.nih.gov/pmdc/articles/PMC4003589/
pdf/pgh-107-03-122.pdf). This study was undertaken to investigate the
retinoid toxicity hypothesis of malaria in Colombia a country with high
rate of infections from malaria in South America To test the hypotheses
that acute malaria infection is associated with a retinoid (vitamin A)
profile suggesting an endogenous form of hypervitaminosis A. With
colleagues at the Universidad de la Sabana in Bogota and Universidad de
Cordoba in Monteria A case-control study will be carried out in Cordoba,
in major endemic region of malaria in Colombia, to determine retinoid
concentrations and RAR expression in patients with malaria and controls,
subject to approval by the Institutional Review Boards of Jackson State
University and the Universidad de la Sabana. to obtaining positive results,
the research could lead to the development of retinoid profiling for
diagnosing malaria in the early stages of infection, as well as potential
new treatments aimed at blocking retinoid expression or inhibiting its
metabolism.

OVERATTRIBUTION OF PLASMODIUM VIVAX MALARIAL
RECURRENCES TO HYPNOZOITE ACTIVATION

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

The hypnozoite theory of relapse is obfuscating the probability that many
homologous Plasmodium vivax malarial recurrences are not relapses
(hypnozoite origin), but recrudescences (merozoite origin). What is new
about this post-2011 argument is that attention will now be drawn, via
the conference presentation, to the implications of relatively obscure
information which shows that both short-term and long-term recurrences
can follow blood-stage-induced primate malaria (hypnozoites do not
occur in such infections). It follows that recurrences having the same non-
hypnozoite parasite source or sources in the body, whatever it or they may
be, most likely take place in mosquito-transmitted (i.e. sporozoite-initiated)
P vivax malaria as well. Thus, an unknown percentage of homologous P
vivax recurrences are no doubt erroneously being ascribed to activation of
hypnozoites. The matter of how and where quiescent plasmodial parasites
persist is not merely of academic interest, but of fundamental importance
in relation to malaria eradication.

THE PLASMODIUM KNOWLESI MAHRP2 ORTHOLOG
LOCALIZES TO STRUCTURES CONNECTING SINTON
MULLIGAN’S CLEFTS IN THE INFECTED ERYTHROCYTE

Kwame K. Asare’, Miako Sakaguchi?, Amuza Byaruhanga Lucky?,
Masahito Asada’, Shinya Miyazaki¢, Yuko Katakai®, Satoru Kawai,
Chihong Song’, Kazuyoshi Murata’, Kazuhide Yahata?, Osamu
Kaneko'

'Program for Nurturing Global Leaders in Tropical and Emerging Infectious
Diseases, Graduate School of Biomedical Sciences, Nagasaki University,
Sakamoto, Nagasaki, Japan, Department of Protozoology, Institute of
Tropical Medicine (NEKKEN), Nagasaki, Japan, ?Central Laboratory, Institute
of Tropical Medicine (NEKKEN), Nagasaki University, Sakamoto, Nagasaki,
Japan, *Department of Entomology, Pennsylvania State University,
University Park, PA, United States, “Department of Protozoology, Institute
of Tropical Medicine (NEKKEN), Nagasaki, Japan, *The Corporation

for Production and Research of Laboratory Primates, Hachimandai,
Tsukuba, Ibaraki, Tsukuba, Japan, ®Department of Tropical Medicine and
Parasitology, Dokkyo Medical University, Kitakobayashi, Mibu-machi,
Tochigi, Dokkyo, Japan, “National Institute for Physiological Sciences, 38
Nishigonaka Myodaiji, Okazaki, Aichi, Okazaki, Japan, éDepartment of
Protozoology, Institute of Tropical Medicine (NEKKEN), Nagasaki University,
Sakamoto, Nagasaki, Japan

During development within the host erythrocyte malaria parasites
generate nascent membranous structures which serve as a pathway for
parasite protein transport to modify the host cell. The molecular basis

of such membranous structures is not well understood, particularly for
malaria parasites other than Plasmodium falciparum. To characterize the
structural basis of protein trafficking in the Plasmodium knowlesi-infected
erythrocyte, we identified a P knowlesi ortholog of MAHRP2, a marker

of the tether structure that connects membranous structures in the P
falciparum-infected erythrocyte. We show that PkMAHRP2 localizes on
amorphous structures that connect Sinton Mulligan’s clefts (SMC) to each
other and to the erythrocyte membrane. Three dimensional reconstruction
of the P knowlesi-infected erythrocyte revealed that the SMC is a plate-like
structure with swollen ends, reminiscent of the morphology of the Golgi
apparatus. The PKMAHRP2-localized amorphous structures are possibly
functionally equivalent to P falciparum tether structures. These findings
suggest a conservation in the ultrastructure of protein trafficking between
P falciparum and P knowlesi.
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PFEMP1 PROTEINS BINDING NON-IMMUNE IGM AND
A2-MACROGLOBULIN ARE FREQUENT IN PLASMODIUM
FALCIPARUM

Mary Lopez-Perez, Pilar Quintana, Sisse Ditley, Lars Hviid

Centre for Medical Parasitology, University of Copenhagen, Copenhagen,
Denmark

Plasmodium falciparum malaria is particularly dangerous because the
infected erythrocytes (IEs) can adhere to the vascular endothelium and to
uninfected erythrocytes, causing organ-specific complications. This ability
is related to the expression of P falciparum erythrocyte membrane protein
1 (PfEMP1) proteins on the IE surface. Recent evidence obtained by our
group support the hypothesis that P falciparum can exploit human serum
factors such as non-immune IgM and a.,-macroglobulin (a.,M) to increase
PfEMP1 avidity for host receptors and to evade host immune responses.
However, only few IgM- and a,M-binding PfEMP1 proteins have been
described. In this study, we aimed to identify and characterize such
PfEMP1 proteins in the three parasite lines, NF54-G6, HB3, and IT4/FCR3.
We used pVBH-transfected parasites to obtain starting populations with
highly heterogeneous var gene transcription. IgM- and a,M-binding IEs
were single-cell sorted by FACS, and the var gene transcription profile was
analyzed by gqPCR. The ability of candidate PfEMP1 proteins to bind IgM
and a,,M was assessed by flow cytometry (IEs, native PFEMP1) and ELISA
(recombinant single- and multi-domain proteins). Several PfEMP1 variants
containing DBLg, DBLE, or DBL3 domains bound IgM and/or o,,M. The data
indicate that IgM- and a,M-binding are more frequent than previously
reported and that the domain types involved are conserved. This provides
novel insight to how P falciparum exploits human host proteins for its own
benefits.

DEGRADATION OF ENDOTHELIAL GLYCOCALYX IN
PLASMODIUM FALCIPARUM MALARIA IN TANZANIAN
CHILDREN

Florence M. Savatory
Hubert Kairuki University, Dar es salaam, United Republic of Tanzania

Work by our group has shown that patients with P falciparum malaria
have endothelial dysfunction, whichplays a major role in malaria
pathogenesis. Adherence of parasitized RBC (pRBC) to endothelial

cells induces endothelial activation and results in pRBC sequestration,
impaired perfusion, tissue hypoxia, and organ dysfunction. The endothelial
glycocalyx (eGC) is a gel-like layer that covers the luminal surface of the
vessel. This eGC functions to maintain vascular homeostasis by regulating
permeability, modulating blood flow-induced shear stress signals including
formation of nitric oxide (NO), and inhibiting endothelialadherence

of leukocytes and platelets. We hypothesized that breakdown of

the eGC occurs in malaria infection leading to endothelial activation

and microvascular dysfunction. Ourobjectivewas to compare levels of
glycocalyx breakdown products [glycosaminoglycans (GAG)] in urine of
children with P falciparum malaria and healthy control (HC) subjects.

The study was done at Hubert Kairuki Medical Center in Dar es Salaam,
Tanzania. HC children and children with severe (SM) and moderately severe
malaria (MSM) age 1 to 10 years were studied from2016 to 2018.The
diagnosis of P falciparum was established by microscopy and RDT.Total
urinary GAG levels were measured by dimethylmethylene blue (DMMB)
assay and plasma angiopoietin-2 by ELISA. The study thus far included41
HC,24 MSM, and 26 SM.Total urine GAG levels were significantly higher
in SM (mean+SD 13.7+6.4g/molcreatinine)andMSM (11.7+6.4) thaninHC
subjects (3.6+3.1); p<0.0001.Levels of GAG in malaria patients correlated
significantly with malaria severity as judged by statistically significant
correlation withperipheral parasitemia, hemoglobin, platelet count, and
angiopoietin-2 levels.In conclusion, Tanzanian children with falciparum
malaria have evidence of glycocalyx degradation based on significantly
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increased urinary GAG levels. It is likely that this glycocalyx damage
contributes to the pathogenesis of the vascular dysfunction. Agents that
protect against glycocalyx damage may be useful as adjunctive treatments
for malaria.

VISUAL IMAGING OF THE ENDOTHELIAL GLYCOCALYX IN
TANZANIAN CHILDREN WITH FALCIPARUM MALARIA

Ayam R. Kalingoniji
Hubert Kairuki Memorial University, Dar es salaam, United Republic of
Tanzania

The endothelial glycocalyx (eGC) is composed of membrane-bound
proteoglycans and glycoproteins interacting with plasma components,
which contribute to eGC stability. The eGC acts as a protective barrier for
the endothelium. We earlier demonstrated microvascular dysfunction in
patients with Plasmodium falciparum malaria, and this dysfunction plays
a major role in malaria pathogenesis. eGC can be imaged with sidestream
dark-field (SDF) microscopy to measure its structure and integrity. We
hypothesized that children with falciparum malaria have damaged eGC
that can be quantitatively imaged by SDF. We used a “GlycoCheck”
camera to study healthy children and those with moderately severe or
severe falciparum malaria at the Hubert Kairuki Medical Center in Dar es
Salaam, Tanzania. Healthy control (HC) children and children with malaria
were studied from 2016 to 2018. Sublingual imaging in many of the
children was not possible, so we imaged via skin of the axilla and pinna,
with analysis of (a) RBC column width (RCW); (b) perfused boundary
region (PBR); (c) total microvascular density (TMD); (d) valid microvascular
density (VMD); and (e) vessel RBC filling (VRF). Of these, the PBR most
accurately reflects the eGC measurement. Total urinary glycosaminoglycan
(GAG) levels measured by the dimethylmethylene blue assay served as

a chemical marker of glycocalyx degradation. We imaged 30 HC, 12
moderately severe (MSM), and 16 severe malaria (SM) subjects. We

used microscopy and RDT to establish malaria diagnosis. Our separate
unpublished results show eGC damage in malaria based on increased
urinary GAG in MSM and SM compared to that in HC children. Pinna
imaging revealed no significant differences in the RCW, PBR, or VRF, but
TMD and VMD were significantly increased in malaria (TMD mean+SEM
580457 pm/mm? in HC vs. 787+74 in malaria; and VMD 33339 HC vs.
428+27 malaria; p = 0.039). In conclusion, elevated urinary GAG levels
in the malaria group indicate eGC damage, but the PBR as a measure

of glycocalyx integrity and depth was not increased. The increased
microvascular density may be a reflection of recruitment of vessels into
these tissues in response to hypoxia.

INFECTIVITY OF ASYMPTOMATIC PLASMODIUM
FALCIPARUM INFECTIONS TO ANOPHELES GAMBIAE IN
SENEGAL

Aminata C. Lo, Ablaye Gaye, Oumar Gaye, Babacar Faye
University Cheikh Anta DIOP of Dakar / Senegal, Dakar, Senegal

The transmission of malaria from an infected human host to a susceptible
mosquito is mediated by a specialized sexual stage of the Plasmodium
species commonly known as the gametocyte. Although crucial for malaria
transmission, the presence of gametocyte in the blood does not mean
infection in humans. After ingestion of gametocytes by the mosquito, the
probability of having an infection requires a combination of factors such
as maturation and density of male and female gametocytes but also the
immune system of both hosts. Thus, the objectives to determine parasite
density, evaluate the infectivity of mosquitoes and to assess antibody
profile against sexual stage parasite in two areas with different malaria
transmission setting in Senegal. A cross sectional study was enrolled at
the end of the transmission season. Was included, 1120 asymptomatic
volunteers aged 5 years and over. Approximately one teaspoon [5 ml]

of blood was collected for each patient for RTDs, microscopy, plasma
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collection. For those with RTDs positives, some blood was used for
membrane feeding assay for mosquito infectivity. From 560 slides in
each area, 24.6 % and 2.1 % were positives for the south and the
center respectively. 15 individuals were tested for infectivity against a P
falciparum-sensitive Anopheles gambiae strain in two different localities.
In the center of Senegal, 20% of tested individuals were mosquitoes
infected and 5% of tested mosquitoes were oocysts infected. But in the
south, 30% patients were mosquitoes infected and 9% of mosquitoes
tested were oocyst infected. In conclusion, both studies sites, malaria
transmission is well maintained by some individuals of both populations
hosting the sexual stage of P falciparum.

BLOOD DONOR VARIABILITY AS A MODULATORY FACTOR
IN PLASMODIUM FALCIPARUM PHENOTYPING ASSAYS

Laty G. Thiam’, Yaw Aniweh', Makhtar Niang?, Gordon A.
Awandare'

"West African Centre for Cell Biology of Infectious Pathogens, Accra,
Ghana, *Pasteur Institute, Dakar, Senegal

Plasmodium falciparum uses multiple ligand-receptor interactions to
invade red blood cells (RBCs). Blood stage malaria vaccines mainly target P
falciparum antigens involved in RBC invasion. Thus, unraveling the nature
of ligand-receptor interactions involved in invasion is crucial in malaria
vaccine development. Conducting large scale P falciparum phenotyping
studies inevitably involves the use of blood from different blood donors,
which could affect the outcome of in vitro invasion inhibitory assays.
However, the effect of blood donor variability in characterizing P
falciparum phenotypic diversity remains unaddressed. Therefore, we are
currently investigating variations in invasion efficiency/phenotype observed
using different donor RBCs. RBCs were treated with different enzymes and
labeled with a fluorescent dye. P falciparum clinical isolates and laboratory
lines were maintained in vitro in a gassed atmosphere and further used

to conduct standard invasion assays. The percentage of invasion was
determined by flow cytometry and for all assays, the parasite’s invasion
phenotype was adjudged by comparing invasion in untreated and enzyme-
treated acceptor RBCs. Our data show that invasion efficiency of both P
falciparum clinical isolates and laboratory adapted strains is affected by
the nature (e.g. blood group or hemoglobin genotype) of the acceptor
RBCs. Data with regard to the effect of blood group and sickle cell trait
will be presented at the conference. Additionally, our data also show that
RBCs from different donors show different levels of sensitivity to enzyme
treatments and this sensitivity seemed to be driven by the receptor density
on the RBC surface. This suggest that, like the parasite’s genetic make-up,
the intrinseque properties of the target RBCs may also play a role in the
observed invasion phenotype. In conclusion, the data show that blood
donor variability is a modulatory factor influencing invasion efficiency.
Altogether, the study demonstrates that blood donor variability in P
falciparum should be an important consideration in invasion phenotyping
assays.

DECIPHERING THE ASSOCIATION OF A NOVEL PLASMODIUM
FALCIPARUM EXPORTED PROTEIN WITH PARASITE-INDUCED
STRUCTURES

Philip llani, Gordon A. Awandare, Emmanuel Amlabu
University of Ghana, Accra, Ghana

Plasmodium falciparum survives within host erythrocytes by devising
strategies for successful export of several proteins beyond the
parasitophorous vacuole. This has fostered interest in some of the
membranous structures established by the parasite during protein export.
We have identified a novel P falciparum exported protein that harbors

a canonical PEXEL variant. To functionally characterize the protein, three
peptides (P1, P2, and P3) were chemically synthesized based on B-cell
epitope mapping and screening for coiled-coil signatures. Stage-specific

expression analysis by immunofluorescence assay (IFA) showed that

the protein is expressed in late ring, trophozoite and schizont stages.
Antibodies were generated against the three peptides but only anti-P3
antibody detected the full-length native parasite protein (50 kDa) in
detergent-treated schizont lysates, while anti-P2 antibody detected a
truncated fragment (~22 kDa) of the native protein close to the PEXEL
motif and anti-P1 antibody did not detect the native protein. We

also showed that the export of the protein is Brefeldin A-sensitive by
comparative IFA analysis of trophozoite-infected erythrocyte ghosts,
selective permeabilization of infected erythrocytes and immunoblotting.
Since protein export precedes gametocytogenesis, we have shown the
localization of the protein in different stages of gametocytes. Cellular
fractionation experiments revealed the differences in the subcellular
localization of the protein which was attributed to changes in solubility
states of the protein within the parasite-host compartment. Further work
on protein-protein interaction experiments is ongoing to substantiate an
initial evidence suggesting that the novel P falciparum exported protein
(50 kDa) forms a 200 kDa multi-protein complex in trophozoite lysates. It
is expected that this study may shed more insights on the association of
this protein with parasite-induced membranous structures.

EVIDENCE OF ALTERED LIVER FUNCTION AND CYTOKINE
RESPONSE PROFILES IN PREGNANT WOMEN WITH MALARIA
AND CHRONIC HEPATITIS B

Nsoh Godwin Anabire', Gideon Kofi Helegbe?, Gordon
Akanzuwine Awandare', Osbourne Quaye', Paul Armah Aryee?,
Abass Abdul-Karim#

"West African Centre for Cell Biology of Infectious Pathogens (WACCBIP),
University of Ghana, Accra, Ghana, Department of Biochemistry and
Molecular Medicine, School of Medicine and Health Sciences, University
for Development studies, Tamale, Ghana, >Department of Nutritional
Sciences, School of Allied Health Sciences, University for Development
Studies, Tamale, Ghana, “Zonal Public Health Laboratory, Tamale Teaching
Hospital, Tamale, Ghana

The overlap of malaria and chronic hepatitis B (CHB) is common in
endemic regions, however, the impact of this co-infection on liver function
and immune responses is unknown. This study sought to investigate

these interactions in pregnant women reporting to an antenatal clinic in
Ghana. Levels of malaria parasitemia, hepatitis B viremia, liver biochemical
parameters and inflammatory cytokines were assayed and compared
across four categories of pregnant women: uninfected, infected with
Plasmodium falciparum alone (Malaria group), infected with hepatitis B
virus alone (CHB group) and co-infected with P, falciparum and hepatitis B
virus (Malaria+CHB group). Relative to the CHB group, the Malaria+CHB
group had lower viremia levels. However, levels of malaria parasitemia
were similar in women in the Malaria and Malaria+CHB groups.
Furthermore, levels of markers for liver injury/damage, including alanine
aminotransferase, aspartate aminotransferase and total bilirubin were
elevated in women in the Malaria+CHB group relative to those in the other
groups. Similarly, pro-inflammatory cytokines, including tumour necrosis
factor alpha (TNF-a), interleukin (IL)-1B, and IL-6 were higher in women
with Malaria+CHB compared to those in the other categories. In addition,
pro-inflammatory cytokine levels had a significant positive correlation with
viremia, and negative correlation with parasitemia. For anti-inflammatory
cytokines, including IL-10 and IL-4, the pattern was exactly the opposite of
that for the pro-inflammatory cytokines. Our findings showed that malaria/
CHB co-infection in pregnancy appeared to exacerbate the release of
biomarkers for liver damage and inflammatory mediators while reducing
immune-modulatory mediators. The exacerbated inflammatory response
appears to help control malarial parasitemia in co-infected women.
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FUNCTIONAL INSIGHTS ON THE ROLE OF PLASMODIUM
FALCIPARUM CLAUDIN-LIKE APICOMPLEXAN MICRONEME
PROTEIN (PFCLAMP), AN ESSENTIAL GENE

Evelyn B. Quansah, Prince B. Nyarko, Felix Ansah, Gordon A.
Awandare, Yaw Aniweh

West African Centre for Cell Biology of Infectious Pathogens, University of
Ghana, Accra, Ghana

Malaria is still a public health burden. With the recent reports of
artemisinin resistance in Plasmodium falciparum coupled with the low
efficacy of the available commercially approved vaccine, there is the need
to continue developing new targets by functionally characterizing some
of the ~60% of the parasite’s genes with unknown functions.. This will
foster the identification of viable vaccine and possible drug targets for the
development of interventions against the parasite. To this, we have studied
Plasmodium falciparum Claudin-Like Apicomplexan Microneme Protein
(PfCLAMP) (3D7_1030200) and its role during the parasite development.
It has been shown to be highly conserved in apicomplexans, with its
orthologue in P falciparum essential for parasite growth and invasion.

We have confirmed the localization of CLAMP at the apical portion of
merozoites using specific antibodies raised against the extracellular domain
of the protein. We have also demonstrated that CLAMP is differentially
expressed across the different asexual stages of the parasite, with the
dominant expression being in the late trophozoite and schizont stages.
We have shown and validated that some clinical isolates habour multiple
copies of the CLAMP gene. In addition, CLAMP forms complexes with
other proteins, and in this study we have characterized its interacting
partners. Altogether, our data demonstrates that CLAMP provides a
potentially attractive target for further investigation for drug and vaccine
development.

INVOLVEMENT OF EPHA2 IN INVASION OF PLASMODIUM
VIVAX EXO-ERYTHROCYTIC STAGE

Ubonwan Jaihan
Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand

Malaria is a serious health problem. It is widely distributed in the

tropical and subtropical regions of the world. It was estimated to cause
approximately 0.4 million deaths annually. The initial step of human
malaria involves infection of hepatocytes by the parasite. Proteins on

the surface of the host hepatocytes are believed to be important for
parasite invasion. This has been demonstrated for human malaria parasite
Plasmodium falciparum and rodent malaria parasites. However, it is not
clear whether these proteins are likewise important for Plasmodium

vivax, the most common malaria parasites that cause recurring infections.
This study aims to investigate the role of host cell receptor EphA2

in hepatocyte invasion by P vivax. Our specific aim is to determine
whether the abundance of surface EphA2 enhances parasite infection.

To achieve this goal, we first stained hepatoma cell line (HC-04) with
fluorescent anti-EphA2 antibodies and used fluorescence activated cell
sorting (FACS) to harvest cells that had high EphA2 surface expression
(EphA2M9M) P vivax sporozoites, freshly harvested from the salivary glands
of infected Anopheles dirus, were then allowed to infect the sorted
EphA2 M9 cells as well as the unsorted cells. After 4 days, we fixed cell
cultures with paraformaldehyde and used immunofluorescence staining
(IFA) to compared the infection rates of the EphA2 9" and unsorted
HC-04. We found that the infection rates (N = 16) of EphA2M9" were
around 2-4 folds higher than that of the unsorted HC-04. To further
demonstrate involvement of EphA2 in P vivax invasion, we performed
invasion inhibition assays by pre-incubating the host cells with anti-EphA2
antibodies before sporozoite addition. We found that the antibody
reduced sporozoites infection in a dose dependent manner. Overall, our
data provide strong experimental support for a role of EphA2 in P vivax
infection of hepatocytes.

EXPOSURE TO DIFFERENT COMMUNITIES OF VENDOR-
ASSOCIATED FECAL MICROBES DETERMINES MALARIA
INFECTION SEVERITY AND PREGNANCY OUTCOME IN AN
OUTBRED MOUSE MODEL FOR MALARIA IN PREGNANCY

Catherine D. Morffy Smith, Alicer K. Andrew, Caitlin A. Cooper,
Julie M. Moore

University of Georgia, Athens, GA, United States

Placental malaria, a severe clinical manifestation of Plasmodium falciparum
infection, is a major cause of pregnancy loss, neonatal mortality, and
severe maternal illness. We have developed a novel mouse model for
pregnancy maintenance during maternal malaria infection utilizing outbred
Swiss Webster mice. When infected with Plasmodium chabaudi in early
gestation, several inbred mouse strains will abort their pregnancies at mid-
gestation. However, outbred Swiss Webster mice infected with P chabaudi
in early gestation carry their pregnancies to term, allowing us to explore
the immunological balance between parasite clearance and pregnancy
success. The composition of the gut microbiota may alter this balance. As
described by Villarino et al., C57BL/6 mice sourced from different vendors
display gut microbiota-dependent differences in Plasmodium infection
severity resulting in a susceptible or resistant phenotype. Similarly, P
chabaudi chabaudi AS-infected pregnant Swiss Webster mice exposed to
susceptibility-conferring fecal microbes develop higher parasite burdens
than mice exposed to resistance-conferring fecal microbes following the
disruption of the native gut microbiota by broad-spectrum antibiotic
treatment. The microbiota-mediated reduction of parasite burden is
associated with reduced maternal morbidity and improved fetal outcomes.
Specifically, fetal viability and weight at gestational term are increased in
infected dams exposed to resistance-conferring fecal microbes relative

to infected dams exposed to susceptibility-conferring fecal microbes.

To assess post-natal growth, pups from infected and uninfected dams
exposed to resistance- and susceptibility-associated fecal microbes were
delivered by caesarean section and placed with a foster dam. Although
pup growth prior to weaning is not significantly influenced by either
infection status or fecal microbe exposure, pups produced by highly
susceptible dams displayed a statistically significant reduction in survival in
the first days of life, suggesting that these pups may be less fit than pups
born to dams with lower parasite burdens.

TARGETING SPOROZOITE-HEPATOCYTE INTERACTIONS WITH
A PHAGE DISPLAY LIBRARY

Sung-Jae Cha, Marcelo Jacobs-Lorena
Johns Hopkins University, Baltimore, MD, United States

After inoculation by the bite of an infected mosquito, the Plasmodium
sporozoite enters the blood stream and infects the liver with unique
specificity. Prior to liver infection, sporozoites must leave the circulation by
traversing the liver sinusoid lining, preferentially trough liver macrophages
(Kupffer cells). Using a phage display library we previously selected
peptides which structurally mimic (mimotope) a sporozoite ligand

(GAPDH) for Kupffer cell recognition and the Kupffer cell receptor (CD68).
Importantly we showed that a mimotope peptide of sporozoite GAPDH
serves as a vaccine candidate to generate sterile protection. Encouraged

by these positive results, we screened the same phage display library to
target sporozoite-hepatocyte interactions. The selected hepatocyte-binding
peptides competitively inhibit sporozoite invasion of hepatocytes in vitro.
Antibodies against the selected peptides recognize a ~50 kDa sporozoite
surface protein. Significantly, immunization with one of the selected
peptides inhibited Plasmodium liver invasion. We hypothesize that this
peptide is a mimotope (mimics the structure) of a sporozoite surface ligand
for hepatocyte invasion. This sporozoite ligand constitutes a potential
vaccine antigen targeting malaria liver invasion.
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SELECTION OF SEVEN-MUTATION PFCRT-PFMDR1 GENOTYPE
AFTER SCALING SEASONAL MALARIA CHEMOPREVENTION
WITH SULPHADOXINE-PYRIMETHAMINE AND
AMODIAQUINE IN MALI

Hamma I. Maiga', Amadou Bamadio?, Aliou Traore?, Nouhoum
Diallo?, Modibo Diarra?, Issaka Sagara?, Samba Coumare?, Soma
Bahonan3, Boubou Sangare?, Hamidou Niangaly?, Aboubecrine
Haidara?, Yeyia Dicko?, Aly Tembely?, Francois Daou?, Djibril
Traore?, Michel Vaillant?, Alassane Dicko?, Estrela Lasry?, Ogobara
K. Doumbo?, Abdoulaye A. Djimde?

'INRSP-Mali/MRTC, Bamako, Mali, ?MRTC, Bamako, Mali, >*MSF, Bamako,
Mali, *LIH, Luxembourg, Luxembourg

WHO recommended in 2012 the seasonal malaria chemoprevention (SMC)
in the Sahel countries in Africa to reduce Malaria among children less than
5 years of age with sulfadoxine-pyrimethamine and amodiaquine (SP+AQ).
This strategy is scaled up in Mali since 2012. The use of millions of doses
of SP+AQ could generate potential Plasmodium falciparum resistance
mutant parasites. The aim of this study was to monitor the prevalence of
Pfdhfr+Pfdhps+pfcrt+pfmdr1 mutations in the target population of the
health district of Koutiala. Two cross-sectional surveys were conducted
before (August 2012, n=662) and after (June 2014, n=670) a pilot
implementation of SMC in Koutiala. Children aged 3-59 months received
3 and 4 rounds of curative dose of SP+AQ over two malaria seasons in
2012 and 2013, respectively. Genotypes of P falciparum Pfdhfr codons
51, 59 and 108; Pfdhps codons 437 and 540, Pfcrt codon 76 and

Pfmdr1 codon 86 were analysed by PCR on DNA from SMC population
samples (after and before) and non-SMC population aged 7 years or
above (November 2014, n=500). In SMC population 191 and 85 children
before and after SMC implementation respectively were included in the
molecular analysis. In the non-SMC population 220 were successfully PCR
analysed. In the SMC population, the prevalence of the six-mutation Pfcrt
[Pfdhfr-dhps quintuple + Pfcrt-76T] genotype increased significantly after
SMC implementation, from 0.0% before to 7.1% (p=0.0008). The post-
intervention prevalence of six-mutation Pfmdr1 [Pfdhfr-dhps quintuple +
Pfmdr1-86Y] and seven-mutation Pfcrt+Pfmdr1 [Pfdhfr-dhps quintuple

+ Pfmdr1-86Y + Pfcrt-76T] genotypes were both the 1.2% among

SMC population. No six-mutation and seven-mutation genotypes were
observed neither among SMC population at baseline nor in the non-SMC
population (p=0.30). In conclusion, SMC increased the prevalence of the
six-mutation Pfcrt genotype of P falciparum that can lead to resistance

in a population exposed to SMC with SP+AQ. However, there was no
significant of six-mutation Pfmdr1 and seven-mutation Pfcrt-Pfmdr1
genotypes resistance in general parasite population.

PREVALENCE SURVEY OF PLASMODIUM FALCIPARUM
ANTIMALARIAL DRUG RESISTANCE MARKERS IN CHINA

Fang Huang', Shui-Sen Zhou', Zhi-Gui Xia', He Yan', Hong-
Ning Zhou?, Guo-Ding Zhu?, Li Cai4, Hong-Wei Zhang?, Li-Nong
Yao®, Jun Li7, Li Li#, Xiang-Li Kong®, Pascal Ringwald'®, Rabindra
Abeyasinghe'’, Xiao-Nong Zhou'

"National Institute of Parasitic Diseases, China CDC, Shanghai, China,
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Institute of Parasitic Diseases, China CDC, Wuxi, China, “Shanghai Disease
Control and Prevention, Shanghai, China, *Henan Disease Control and
Prevention, Zhengzhou, China, °Zhejiang Disease Control and Prevention,
Hangzhou, China, ’Guangxi Disease Control and Prevention, Nanning,
China, 8Sichuan Disease Control and Prevention, Chengdu, China,
9Shangdong Institute of Parasitic Diseases, China CDC, Jinan, China,
'Drug Efficacy&Response Unit, Global Malaria Programme, World Health
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China has launched national malaria elimination program (NMEP) with

an ultimate goal to interrupt the local malaria transmission by 2020.

But the increasing imported cases with extensive distribution and

dozens of deaths has be as one of the most challenges for national
malaria elimination. Over the past 50 years, Plasmodium falciparum

has developed resistance to all antimalarial drugs that have been used
including chloroquine, amodiaquine, sulfadoxine-pyrimethamine, quinine,
piperaquine and mefloquine. More recently, the emergence and spread of
multidrug resistance including artemisinin and partner drug resistance of
P falciparum in Southeast Asia poses a significant risk to malaria control
and eradication goals in the world. Therefore, it is urgent to monitor
antimalarial drug resistance and track the emergence and spread of drug
resistance in China. This was a cross-sectional, observational study using
dried blood samples collected from P falciparum-infected individuals at
the time of malaria diagnosis from nine provinces which were selected
based on the number of reported malaria cases in the past five years. The
prevalence of known and candidate molecular markers of resistance to
artemisinin, ACT partner drugs and other antimalarials would be measured
by PCR and sequencing. Also, this study evaluated the population structure
and gene flow of P falciparum either between or within geographic
regions using clustering algorithms such as those employed by programs
like STRUCTURE or by principal components analysis (PCA). This study will
provide evidence of the antimalarial drug resistance to guide the national
malaria elimination programme.

OPTIMIZATION OF EMETINE DIHYDROCHLORIDE AS AN
EFFECTIVE OPTION FOR MALARIA TREATMENT USING
NANOPARTICLE DELIVERY SYSTEM

Muna S. Abubaker
University of Salford, Salford, United Kingdom

The field of drug development experiences very low success rates
concerning drugs that enter the market. These are due to toxicity of

the therapeutic compounds and poor solubility leading to lowered
bioavailability. The major disadvantages of conventional antimalarial
drugs are the development of multiple drug resistance and nonspecific
drug targeting, resulting in the need for high dose administration and
subsequent intolerable side effects that ultimately lead to patient non-
compliance. To counteract these trends, research has been done in
nanotechnology for the development of new biocompatible systems
capable of incorporating drugs, lowering the resistance progress, control
and treatment of malaria by target delivery. Targeting drugs specifically

to their site of action would indeed enable optimal concentration

in parasite-infected RBC. Various materials have been used in the
formulation of nanoparticles for drug delivery research. Among these,
nanoparticles prepared with albumin are biocompatible, biodegradable,
non-antigenic, and relatively easy to prepare. We will present here
preliminary data investigating the potential of human serum albumin
nanoparticles in enhancing the treatment efficacy of antimalarials. Our
preliminary validation data on artemether-loaded HSA nanoparticles show
a 50% reduction in the IC, values against Plasmodium falciparum K1

in comparison to drug only controls. Therefore, the current study was
undertaken to define the efficacy of human serum albumin (HSA) as a
nano-carrier strategy to improve drug delivery, enhance treatment efficacy
and reduce non-target side effects for emetine dihydrochloride hydrate a
drug the discovered through repositioning method at University of Salford.
Our in vitro results indicated that emetine-loaded HSA nanoparticle
permitted ~70% dose reduction compared to emetine only controls. It is
expected that this study will eventually lead to a better understanding of
nanotechnology delivery system and provide insights into new strategies
for developing smart, well-tolerated, and efficacious therapeutic that could
be a future ultimate way to cure this disease.
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EX VIVO SUSCEPTIBILITY AND GENOTYPING OF
PLASMODIUM FALCIPARUM ISOLATES FROM PIKINE,
SENEGAL

Aminata Mbaye’, Amy Gaye', Baba Dieye’, Yaye Die Ndiaye',
Amy K. Bei?, Muna Affara’, Awa B. Deme’, Mamadou S. Yade',
Khadim Diongue’, lbrahim M. Ndiaye', Ngayo Sy', Ousmane
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Daouda Ndiaye?
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of Immunology and Infectious Diseases, Harvard School of Public Health,
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The monitoring of Plasmodium falciparum sensitivity to anti-malarial drugs
is a necessity for effective case management of malaria. This species is
characterized by a strong resistance to anti-malarial drugs. In Senegal, the
first cases of chloroquine resistance were reported in the Dakar region

in 1988 with nearly 7% population prevalence, reaching 47% by 1990.

[t is in this context that sulfadoxine—pyrimethamine temporarily replaced
chloroquine as first line treatment in 2003, pending the introduction of
artemisinin-based combination therapy in 2006. The purpose of this study
is to assess the ex vivo sensitivity to different anti-malarial drugs of the P
falciparum population from Pikine. Fifty-four samples were collected from
patients with non-complicated malaria and aged between 2 and 20 years
in the Deggo health centre in Pikine in 2014. An assay in which parasites
are stained with 4’, 6-di-amidino2-phenylindole (DAPI), was used to study
the ex vivo sensitivity of isolates to chloroquine, amodiaquine, piperaquine,
pyrimethamine, and dihydroartemisinin. High resolution melting was used
for genotyping of pfdhps, pfdhfr, pfmdr1, and pfcrt genes. The mean
IC50s of chloroquine, amodiaquine, piperaquine, dihydroartemisinin, and
pyrimethamine were, respectively, 39.44, 54.02, 15.28, 2.23, and 64.70
nM. Resistance mutations in pfdhfr gene, in codon 437 of pfdhps gene,
and an absence of mutation at position 540 of pfdhps were observed.
Mutations in codons K76T of pfcrt and N86Y of pfmdr1 were observed

at 51 and 11% population prevalence, respectively. A relationship was
found between the K76T and N86Y mutations and ex vivo resistance

to chloroquine. In conclusion, an increase in sensitivity of isolates to
chloroquine was observed. A high sensitivity to dihydroartemisinin

was observed; whereas, a decrease in sensitivity to pyrimethamine was
observed in the parasite population from Pikine.

A BARCODE OF MULTILOCUS NUCLEAR DNA IDENTIFIES
GENETIC RELATEDNESS IN PRE- AND POST-ARTEMETHER-
LUMEFANTRINE TREATED PLASMODIUM FALCIPARUM IN
NIGERIA

Kolapo M. Oyebola’, Olugbenga Aina?, Sola Ajibaye?, Gordon
Awandare3, Alfred Amambua-Ngwa'

'Medical Research Council Unit of the London School of Hygiene &
Tropical Medicine, Banjul, Gambia, ?Malaria Research Group, Nigerian
Institute of Medical Research, Lagos, Nigeria, *West African Centre for Cell
Biology of Infectious Pathogens, College of Basic and Applied Sciences,
University of Ghana, Accra, Ghana

Molecular surveillance for drug resistance in malaria-endemic regions is
vital to detect the emergence and spread of mutant strains. We observed
89 malaria patients for efficacy of artemether-lumefantrine treatment of
uncomplicated Plasmodium falciparum infections in Lagos, Nigeria and
determined the prevalence of drug resistance in the population. Parasite
clearance rates were assessed using var gene acidic terminal sequence
(varATS) polymerase chain reaction for patients’ samples on days 0, 1, 3,
7, 14, 21 and 28 after commencement of treatment. The genomic finger
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print of pre- and post-treatment parasites were determined using 24
nuclear single nucleotide polymorphisms (SNP) barcode for P falciparum.
Drug resistance associated alleles in chloroquine resistance transporter
gene (crt-76), multidrug resistance genes (mdr1-86 and mdr1-184),
dihydropteroate synthase (dhps-540), dihydrofolate reductase (dhfr-108)
and kelch domain (K-73 580) were genotyped by high resolution melt
analysis. Twelve (18.5%) of the participants had detectable parasites three
days after treatment, while eight (12.3%) individuals presented with

day 28 parasitaemia. Barcode (w) pairwise comparisons showed genetic
relatedness of day O and day 28 parasite isolates in three (37.5%) of the
eight re-appearing infections. No mutation in the K-73 580 was observed.
Evidence of genetic relatedness between pre- and post-treatment
infections despite the absence of K-13 580 warrants genomic investigation
in a larger population for signs of reduced ACT efficacy in Nigeria.

CHANGES IN THE PREVALENCE OF DRUG RESISTANCE
MEDIATING PLASMODIUM FALCIPARUM POLYMORPHISMS
ACROSS UGANDA OVER TIME

Victor Asua’, Joanna Vinden?, Jennifer Legac?, Andrew Walakira’,
Stephen Tukwasibwe', Joaniter I. Nankabirwa', Moses R. Kamya',
Samuel L. Nsobya', Melissa D. Conrad?, Philip J. Rosenthal?

'Infectious Diseases Research Collaboration, Kampala, Uganda, 2University
of California San Francisco, San Francisco, CA, United States

Antimalarial drug resistance, mediated in part by known Plasmodium
falciparum genetic polymorphisms, is worrying. Chloroguine plus
sulfadoxine-pyrimethamine (SP) was replaced as the Ugandan treatment
regimen by artemether/lumefantrine (AL) in 2006. SP is used to prevent
malaria in pregnant women. Recent reports show changing prevalence
of key parasite polymorphisms. We conducted surveillance to assess
recent trends. Fifty samples were collected in each of 3 surveys every 6
months in 2016-17 from children (6 mo-10 y) diagnosed with malaria by
microscopy or rapid test at each of 10 sites across Uganda. Polymorphisms
were characterized by PCR and ligase detection reaction fluorescent
microsphere assays (transporter and antifolate mutations), copy number
(CN) variation was assessed by gPCR, and the K13 propeller domain was
sequenced. Prevalences of polymorphisms varied across the country, but
temporal trends were similar. For transporters, increasing prevalence

of pfcrt K76 (65.9-100% at different sites in the most recent survey),
pfmdr1 N86 (all 100%), and pfmdr1 D1246 (84.6-100%) wild type
alleles, all associated with increased susceptibility to aminoquinolines
and decreased susceptibility to lumefantrine, were seen. Polymorphisms
in antifolate enzymes associated with resistance to SP (pfdhfr 511, 59R,
108T and pfdhps 437G and 540E) were very common, and additional
polymorphisms associated with higher-level resistance (pfdhps 581G
0-44.4% and pfdhfr 1641 0-11.4%) were seen, especially in SW Uganda.
Other polymorphisms associated with altered sensitivity to lumefantrine
(increased pfmdr1 CN), piperaquine (increased plasmepsin CN), and
artemisinins (K13 mutations) were uncommon. We identified gradual
reversion to wild type transporter alleles with increasing use of AL to treat
malaria, persistent prevalence of 5 common antifolate mutations despite
decreased use of SP, additional antifolate mutations that predict high
level SP resistance, and limited prevalence of additional polymorphisms
now mediating ACT resistance in SE Asia. Continued surveillance for drug
resistance markers is an important priority.
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SYNTHESIS, CHEMICAL AND BIOLOGICAL VALIDATION
OF ARTEMISININ-BASED PROBES FOR ARTEMISININ’S
DERIVATIVES ANTIPARASITIC MECHANISM OF ACTION
STUDY IN PLASMODIUM FALCIPARUM

Abdoulaye Sissoko’, Sandrine Houze?, Romain Duval’

"Paris Descartes University/UMR216-MERIT/IRD, Paris, France, ?National
Reference Center for Malaria of Paris (CNR du paludisme)/APHP Hospital
Bichat, Paris, France

Over 3 billion of people are exposed to malaria, caused by Plasmodium
genus and responsible for about 416.000 deaths in 2016 worldwide.
Artemisinin derivatives (ART) are the first-line treatment in most malaria-
endemic countries for nearly two decades. The emergence of As reported
previously, Plasmodium falciparum resistant parasites to ART in Southeast
Asia and the fear of their spread to endemic areas with high transmission
rate are threatening this treatment. Although progresses on elucidation
of ART's mechanisms of action, its exact targets and detailed mechanism
of action have not been fully understood yet. ART is thought to be
activated in parasite food vacuole by iron (Fe?* or haem). Once activated,
it generates carbon-centered radicals via endoperoxide cleavage which

in turn alkylate parasite macromolecules, leading to the parasite death,
as reported previously. Mechanistic study of ART, based on its behavior

in terms of stability, chemical proteomics and imaging approaches are
needed to determine its location in the parasite and to identify its targets.
To achieve these objectives, three fluorescent dihydroartemisinin-based
probes were successfully synthesized and characterized. Furthermore,
their stability was assessed by Fluorescent-High performance/Mass
spectrometry in different conditions and their biological activity assessed
in ART sensitive and resistant strains (3D7, NF54K13 which are sensitives
and NF54K13C580Y which carries a C580Y mutation on PfK73 gene
responsible for artemisinin resistance). The best probe has proven to be
stable overtime (2hours) and very effective on strains with IC, value 22.52
nM, 11.16 nM and 9.55 nM respectively, compared to some major ART-
based probes, as reported previously. To this date, there is no other stability
study of ART-based probes in those conditions. Abstract ASTMH-2018
Sissoko Abdoulaye Those results allowed us to validate biologically our
chemical tools, making them suitable for proteomics studies which are
ART's targets tracking by Fluo-PAGE (ongoing promising experiments).

SURVEILLANCE OF ANTIMALARIAL DRUG EFFICACY IN
MANGALORE, KARNATAKA, SOUTH INDIA

Rakshita Maskeri, Animesh Jain, Sheetal Ullal, Suchitra Shenoy,
Damodar Shenoy, Sharada Rai

Kasturba Medical College, Mangalore, India

Malaria continues to be a devastating disease in India and Mangalore is
endemic to malaria. The aim was to assess antimalarial drug efficacy in
Mangalore, South India by clinical and parasitological evaluation. This
study was conducted at the Urban health centre and District hospital
Mangalore. Clinical history and oral temperature were recorded in patients
with microscopically confirmed malaria. Peripheral blood smear was done
on day 0, 3, 7, 28 and parasite load was calculated. As per the WHO
guidelines clinical response was classified as (i) Early Treatment Failure,

(ii) Late Clinical Failure (LCF), (iii) Late Parasitological Failure (LPF) and (iv)
Adequate clinical and parasitological response. Therapeutic Failure was
considered if any of the above criteria was present. Eight hundred thirty
two Plasmodium vivax, P falciparum or mixed infection were identified and
included. Six hundred fifty nine patients completed the 28 day follow up
(79.2%) while one hundred and seventy three were lost to follow up. As
per the policy of the National Vector Borne Disease Control Programme
(NVBDCP) of India, Pvivax was treated with Chloroquine and Primaquine
regimen, while P falciparum and mixed infections were treated with ACT
Artesunate+Sulphadoxine+Pyrimethamine and Primaquine regimen. There

were a total of 6 cases of LCF out of which 3 cases of Pvivax infection later
developed P falciparum infection before day 28 with clinical symptoms
suggesting LCF of P falciparum to chloroquine. There was 1 case of Pvivax
infection who later developed Pvivax infection again on day 15 suggesting
LCF of P vivax to chloroquine. There were 2 cases of P falciparum
infection which later developed P falciparum infection again before

day 28 suggesting LCF of P falciparum to Artesunate+Sulphadoxine-
Pyrimethamine. There were 14 cases of LPF out of which 11 were P vivax
infection with persistence of parasite on day 7; 3 of P vivax infection

who later developed P falciparum infection on day 28 with no clinical
symptoms suggesting LPF of P falciparum to chloroquine. This study
demonstrates an estimate of around 3% treatment failure to antimalarials
in Mangalore.

HIGH THROUGHPUT RESISTANCE PROFILING OF
PLASMODIUM FALCIPARUM INFECTION IN TWO
ECOLOGICAL REGIONS OF GHANA USING MOLECULAR
INVERSION PROBES AND NEXT GENERATION SEQUENCING

Benedicta Ayiedu Mensah', Benjamin Abuaku’, James Myers-
Hansen', Kwadwo Koram', Ozkan Aydemir?, Patrick Marsh?,
Nicholas Hathaway?, Francis Anto?, Jeffrey Bailey?, Anita Ghansah'
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A key drawback to monitoring the emergence and spread of antimalarial
drug resistance in sub-Saharan Africa is early detection and containment.
Next-generation sequencing (NGS) methods offers the resolution,
sensitivity and scale required to fill this gap during surveillance of
molecular markers of drug resistance. We applied the targeted sequencing
approach using Molecular Inversion Probes (MIP) for targeting and MISEQ
for high throughput sequencing of five Plasmodium falciparum genes
(Pfcrt, Pfdhfr, Pfdhps, Pfmdr1 and Pfk13) implicated in anti-malarial
resistance to chloroquine (CQ), sulphadoxine-pyrimethamine (SP) and
artemisinin, A total of 800 dried blood spots on filter paper were collected
from symptomatic children, aged between 6 months and 14 years,
infected with Plasmodium falciparum mono-infections in the coastal
savanna (Cape-Coast) and the forest zones of Ghana (Begoro) from 2014
to 2017. DNA was extracted and sequenced on the MISEQ platform after
targeting the drug resistance genes using MIPs and then amplification.
Molecular markers associated with CQ resistance (Pfcrt and Pfmdr1)
significantly reduced over the four years of study (x2=40.57 P<0.0001

for 76T and %2=8.76 p = 0.003 for 86Y) except Pfmdr1184F which has
remained high over the years (68% to 83%). Pfcrt 76T has reverted to
wild type K76 in the forest ecological zones in Ghana after 13 years of
drug removal. The individual markers that make up quintuplet haplotype
(IRNGE) which is associated SP efficacy are almost at fixation except

E540 which is very low in Ghana; thus making the IRNGE haplotype non-
existent in Ghana. In addition to the Pfdhps 437G and 540E mutations,
this study identified other mutations 436A (41% - 66%) and 613S

(6% - 18%) in Ghana. There was no evidence of markers implicated in
artemisinin resistance in Ghana. There was a steady progression towards
the re-expansion of the chloroquine sensitive parasite K76 although the
progress is faster in the forest region than on the coastal belt. This study
also identified other mutations associated with pyrithiamine resistance that
forms other haplotype combinations that can exacerbate SP resistance in
Ghana.
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PLASMODIUM FALCIPARUM IN VIVO CLEARANCE TIME
AFTER ARTESUNATE TREATMENT IN MALI
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Doumbo', Abdoulaye A. Djimde'
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The molecular mechanisms used by the plasmodium to survive the drug
exposure time and expand afterward are unclear. Several studies describe
the dormancy phenomenon as a possible way for the parasite to slow
down or stop its metabolism in order to over cross the threatening time
of drug exposure resulting in post treatment recurrent parasitemia or
prolonged parasite clearance time (PCT). In Africa, the few cases of
treatment failures with ACTs and delayed PCT are not attributable to the
South-East Asian K13 resistance associated mutations. A pilot study in
Mali showed that despite high artesunate efficacy and the absence of
PfK13 mutations, a significant difference exists between patient’s parasite
clearance times in two villages. There is the need to investigate parasite
and host factor's role in the differential post treatment clearance time.

A study is currently being conducted in the Malian village of Faladjé on
volunteers over 6 months of age presenting with uncomplicated malaria
and treated with artesunate in monotherapy during 7 days. We plan

to i)investigate the proportion of viable vs dormant parasite using flow
cytometry, ii) assess the relationship between dormancy and parasite
clearance time and the occurrence of recurrent parasitemia, and iii)
analyze differential parasite transcriptomes under drug pressure. During
the last malaria transmission season venus blood and plasma samples
were collected for each patient at HO, H8 and H16 Plasma samples were
collected prior to treatment and processed on the ArrayCAM® 400-S
Microarray Imaging System to assess the role of the host immunity level
in the clearance time. To date, 68 patients were included RNA collected
and frozen. All the plasma samples were scanned for 250 antigens

of Plasmodium falciparum. Data analysis is underway and results will

be presented at the congress. Result from the study would help in
understanding the multifactorial dimension of malaria parasite clearance
as well as the molecular or biochemical mechanisms of artemisinin
resistance in high transmission areas of sub-Saharan Africa.

EMERGING SOUTHEAST ASIAN PFCRT MUTATIONS CONFER
PLASMODIUM FALCIPARUM RESISTANCE TO THE FIRST-LINE
ANTIMALARIAL PIPERAQUINE
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The widely-used antimalarial combination therapy dihydroartemisinin

plus piperaquine (DHA+PPQ) has failed in Cambodia. Here, we report
genomic analysis that reveals rapid proliferation of novel mutations in

the Plasmodium falciparum chloroquine resistance transporter PfCRT

in Cambodia following DHA+PPQ implementation. Using gene editing,
we added these mutations into Dd2 parasites or removed them from
contemporary Cambodian isolates. Results show that the PfCRT mutations
HI7Y, F145l1, M343L, and G353V each confer resistance to PPQ, albeit

at a steep fitness cost for all but M343L. These mutations sensitized

Dd2 parasites to the antimalarial drugs chloroquine, amodiaquine, and
quinine. Multicopy plasmepsin 2, previously reported as a molecular
marker, was not necessary for PPQ resistance. Our studies also identified
aberrant digestive vacuole morphologies in gene-edited PPQ-resistant Dd2
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parasites, but not in the PPQ-resistant Cambodian isolates. Our findings
provide compelling evidence that emerging mutations in PfCRT can serve
as a molecular marker and mediate PPQ resistance.

PREVALENCE OF PFK13-PROPELLER AND PFCRT MUTATIONS
IN ISOLATES FROM CHILDREN WITH UNCOMPLICATED
MALARIA IN SOUTHWEST NIGERIA
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State University, Ado Ekiti, Nigeria, ?Molecular Parasitology, Humboldt-
University, Berlin, Germany, *Department of Paediatrics, College of
Medicine, Ekiti State University, Ado Ekiti, Nigeria, “Department of
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The emergence of resistance in Plasmodium falciparum to commonly

used antimalarial drugs, such as Artemisinin derivatives, is a major threat
to malaria control and elimination worldwide. One of the surveillance
strategies to monitor drug resistance is the analysis of single nucleotide
polymorphisms (SNPs) of the associated genes. Monitoring of resistance

in malaria-endemic areas is essential to identify strategies to prevent the
spread of resistances in the population. P falciparum isolates from children
attending three outpatient clinics in southwestern Nigeria were collected
on filter paper. Genomic DNA was extracted and the PfK13-propeller
domain amplified by nested PCR and Sanger- sequenced. In addition, the
Pfcrt gene at codon 76 was monitored using mutation-specific nested PCR
and the restriction fragment length polymorphism (PCR-RFLP) method. The
PfK13 propeller domain was sequenced for 90 isolates. Five patients (6%)
carried the following synonymous mutations, R528R, A627A, Y493Y, 1587|
and Y493Y. Mutations of the Pfcrt gene at codon 76 (K76T) were observed
in 42% of 122 isolates. No significant difference between parasitaemia
geometric means in wild type and mutant alleles of the isolates was noted.
Of note, two (out of the five) isolates that showed synonymous mutations
at the K73 propeller domain simultaneously featured the Pfcrt K76T
mutant allele. This cross-sectional study highlights the need for continuous
molecular surveillance of antimalarial resistance in Nigeria to develop and
adjust national antimalarial treatment guidance. Strikingly, emergence of
artemisinin resistance has not occurred yet despite the widespread and
lasting routine application of artemisinin-combination therapies, which are
mostly produced by national drug companies. Our data support the notion
of high standard antimalarial drugs in circulation in Nigeria.

PREVALENCE OF PFMDR1, PFK13 AND PFCRT
POLYMORPHISMS DURING A THERAPEUTIC EFFICACY STUDY
IN WESTERN KENYA

Winnie Chebore', Zhiyong Zhou?, Nelli Westercamp?, Kephas
Otieno’, Ya Ping Shi, Sheila B. Sergent?, Samaly dos Santos Souza
Souza?, Venkatachalam Udhayakumar?, Eric S. Halsey?, Aaron
Samuels*, Simon Kariuki’
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WHO recommends that therapeutic efficacy studies (TES), currently
considered the gold standard for monitoring parasite resistance to
antimalarial drugs, be conducted routinely in endemic countries and that
they incorporate surveillance for molecular markers of drug resistance
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along with clinical and parasitological efficacy outcomes. As part of

TES conducted in 2016-17 to monitor the efficacy of artemether-
lumefantrine (AL) and dihydroartemisinin-piperaquine (DP) for treatment
of uncomplicated Plasmodium falciparum malaria in western Kenya, we
tested for drug resistance markers of PfK13 propeller domain, Pfmdr1

and Pfcrt genes by sequencing. Additionally, Pfpom2 gene copy number
was assessed by real-time PCR. All the available samples (325 day 0 and
110 recurrent infections) were tested. Sequencing of the PfK713 gene

was successful for 406 samples, of which 11 (2.7%) samples had non-
synonymous mutations: 7 had A578S, 2 had S522C, 1 had E596D and

1 had C580F. However, none of these mutations have been associated
with artemisinin resistance. For multidrug resistant marker Pfmdr1, 418
samples were successfully sequenced. Out of 323 day 0 samples, 1 had
N86Y, 192 had Y184F and 30 had D1246Y mutations. Out of 95 samples
with recurrent infections, 1 had N86Y, 59 had Y184F and 5 had D1246Y
mutations. Overall, 152/418 (36.4%) samples were wild type (NYSND).
For Pfcrt, 415 samples were successfully sequenced and none had a C72S
mutation; 6 samples had M74l, 8 had N75D/E and 8 had K76T mutations.
In total, 407/415 (98.1%) samples were wild type (CVMNK). All 12
recrudescent samples (8 from DP and 4 from AL arms) analysed for Pfpm2
gene copy number had a single gene copy. In summary, we detected no
PfK13 mutations associated with artemisinin resistance in this Kenyan TES.
Although a high frequency of Pfmdr1 Y184F mutations was detected, the
implications of the mutation remain unclear. The prevalence of chloroquine
resistance markers was very low and there was no increase in Pfpm2 copy
numbers associated with DP resistance. Continued biennial monitoring for
resistance mutations is needed for providing timely evidence-based malaria
treatment policies.

DECLINING RESPONSIVENESS OF CHILDHOOD PLASMODIUM
FALCIPARUM INFECTIONS TO ARTEMISININ-BASED
COMBINATION TREATMENTS TEN YEARS FOLLOWING
DEPLOYMENT AS FIRST-LINE ANTIMALARIALS IN NIGERIA
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Development and spread of artemisinin-resistant falciparum malaria in
Greater Mekong Subregion has created impetus for continuing global
monitoring of efficacy of artemisinin-based combination therapies
(ACTs). At 14 sentinel sites in six geographical areas of Nigeria, we
evaluated treatment responses in 1341 children 6-59 months old and in
additional 360 children 6-191 months old with uncomplicated falciparum
malaria enrolled in randomised trials of artemether-lumefantrine versus
artesunate-amodiaquine at 5 years interval in 2009-2010 and 2014-2015

(PACTR201510001189370 and PACTR201709002064150) and at 2

years interval in 2009-2010 and 2012-2015 (PACTR201508001191898
and PACTR201508001193368), respectively after deployment in 2005.
Proportions of children with residual asexual parasitemia [asexual parasite
positivity] 1 day post-treatment initiation (APPD1) rose from 54 to 62%
and 2 days post-treatment initiation (APPD2) from 5 to 26% in 2009-2010
to0 2014-2015 (P=0.002 and P<0.0001, respectively). Parasite clearance
time increased significantly from 1.6 days (95%CI 1.55-1.64) to 1.9 days
(95%Cl 1.9-2) and parasite reduction ratio 2 days post-treatment initiation
(PRRD2) decreased significantly from a geometric mean of 11000 to

4700 folds per cycle within the same time period (P<0.0001 for each).
Parasitemia >75000pL™", hematocrit >27% 1 day post-treatment initiation,
treatment with artemether-lumefantrine and enrolment in 2014-2015
independently predicted APPD1. In parallel, Kaplan-Meier estimated risk
of recurrent infections by day 28 rose from 8% to 14% (P=0.005) and
from 9% to 15% (P=0.02) with artemether-lumefantrine and artesunate-
amodiaquine, respectively. Asexual parasitemia half-time increased
significantly from a mean of 1.1 hour to a mean of 1.3 hour within 2 years
(P<0.0001). Enrolment in 2012-2015 was significantly associated with
50% increase in mean asexual parasitemia half-time from the baseline.
The declining parasitological responses through time to the two ACTs may
be due to emergence of parasites with reduced susceptibility or decreased
immunity to the infections in these children.

PAIRWISE COMPETITIONS OF CLONAL PLASMODIUM
FALCIPARUM ISOLATES CARRYING DIFFERENT KELCH13
MUTATIONS QUANTIFY FITNESS RELATIONSHIPS

Katelyn M. Vendrely’, Lisa A. Checkley', Marina McDew-White?,
Francois H. Nosten?, Timothy J.C. Anderson?, Michael T. Ferdig'

'Eck Institute for Global Health, University of Notre Dame, Notre Dame,
IN, United States, *Texas Biomedical Research Institute, San Antonio, TX,
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Drug resistance confers a fitness advantage to parasites exposed to
frequent drug pressure, but these mutations often impose a relative fitness
cost in the absence of drug pressure. With the emergence of artemisinin
(Art) resistance, it is essential to understand the relative competitive fitness
of resistant Plasmodium falciparum clones in the presence and absence of
drug pressure, especially in the context of diverse kelch73 mutations, to
assess their impact on competitive growth outcomes. In vitro competitive
growth assays provide accurate estimates of relative growth rates of
different parasite genotypes as well as a quantitative index of fitness
disparities. These readouts can be used to infer relatively fast-growing
parasites in monoclonal infections common in Southeast Asia and also
provide a glimpse of possible in host dynamics in multi-clone infections.
Pairwise competitive growth outcomes of genetically distinct Art-resistant
and Art-sensitive clones recently isolated from the Thailand-Myanmar
border were evaluated after short perturbations of dihydroartemisinin
(DHA) at 700 nM. Our novel in vitro 96-well plate competitive growth
assays and fluorescent labeled microsatellite markers were used to
measure the relative growth densities of each parasite throughout the
co-growth period of 80 days. Assessing fitness advantages and costs of
Art-resistance in vitro could provide insights about how drug resistance will
spread and evolve in a competitive environment with infrequent exposure
to artemisinin drugs and inform strategies for targeted malaria therapy.
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RE-EXPANSION OF CHLOROQUINE SENSITIVE HAPLOTYPES
IN THE PLASMODIUM FALCIPARUM RESERVOIR OF
INFECTION IN BONGO DISTRICT, GHANA
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Widespread resistance to chloroquine (CQ) informed the switch to
artemisinin combination therapy (ACT) for malaria treatment in the

early 2000s. CQ sensitive P falciparum have since re-expanded in parts
of Africa including Ghana, after withdrawal of CQ use. In Ghana, the
genomic signatures of clinical isolates suggest artesunate-amodiaquine
(ASAQ) and artemether-lumefantrine (AL) exert differential selection at
the two drug transporter genes, Pfcrt and Pfmdr1. What is happening

to the spread of resistance genes in the large reservoir of asymptomatic
infections compared to clinical cases has been poorly studied. Hence

we investigated this question in Bongo District, Ghana at the end of the
2012 dry season. P falciparum isolates were sequenced at Pfcrt (codons
72-76; N=170) and Pfmdr1 (codons 86,184; N=198). The prevalence of
the CQ sensitive haplotype, Pfcrt CVMNK was 88.2% and the resistant
haplotype, CVIET, was 3.5%. For Pfmdr1, the prevalences of the wildtype
(NY) and mutant (NF) were 17.7% and 69.7 %, respectively. To investigate
selection of these haplotypes, isolates with single genomes were further
typed at microsatellite loci linked to Pfcrt (N=48) and Pfmdr1 (N=46). The
percentage of unique multilocus haplotypes was high for Pfcrt CVMNK
(95.8%) and the diversity was also high (H,=0.75), suggestive of soft
selective sweeps. Our results indicate that the CQ sensitive parasites have
re-expanded from a genetically diverse parasite reservoir that predates
ACT introduction. For Pfmdr1 NY and NF, all isolates had unique multilocus
haplotypes, and there was no significant difference in the H, (NY: 0.85,
NF: 0.83), suggestive of equal selective advantage. ACTs have a role in
diversifying Pfmdr1, which warrants further investigation to decipher the
patterns of selection. We have shown that the asymptomatic reservoir,
which has little exposure to antimalarial drugs at the end of the dry
season, harboured highly diverse Pfcrt and Pfmdr1 haplotypes. The
treatment policy change has influenced this diversity and as such, it is
important to prioritize this reservoir during monitoring programs to inform
policy.

PLASMODIUM FALCIPARUM TRIPLE MUTANT IN CAMBODIA:
PHENOTYPIC CHARACTERIZATION OF RESISTANCE

Mélissa Mairet-Khedim, Nimol Khim, Benoit Witkowski
Pasteur Institute of Cambodia, Phnom Penh, Cambodia

Despite a large reduction of malaria prevalence in part due to Artemisinin
based combination therapies (ACTs) implementation, Cambodia is still the
epicentre of Plasmodium falciparum multidrug resistance. The consecutive
use of the artesunate-mefloquine (AS-MQ) and dihydroartemisinin-
piperaquine (DHA-PPQ) combinations in this country between 2000

and 2016 has selected for both artemisinin and partner drug resistance.
As a result, a high treatment failure rate was observed for these two
combinations and ACTs resistance is now widespread in the Greater
Mekong Subregion (GMS). The situation is made worst by the recent P
falciparum triple-mutant parasites emergence in Cambodia, exhibiting
the three genotypes associated with both artemisinin, mefloquine and
piperaquine resistance. However, the impact of this triple-genotype
combination on treatment efficiency has not yet been studied, and

the in vitro phenotype of these parasites still has to be characterized.

We observed that the P falciparum triple-mutant parasites found in
Cambodia (presenting Kelch13 mutation and amplification of Pfmdr1

and Pfplasmepsin2 genes) were not associated with treatment failure in
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patients. In addition, in vitro susceptibility assays (piperaquine survival
assay and mefloquine IC, | determination) have shown that this triple-
resistant genotype was not associated with a triple in vitro resistance to
both artemisinin, mefloquine and piperaquine. An inverse correlation
between piperaquine and mefloquine resistance was even observed

in vitro, suggesting a too important cost for triple-mutant parasites
fitness to express both Pimdr1 and Pfplasmepsin2 genes. Altogether,
our results allow a better characterization of triple-mutant P falciparum
parasites observed in Cambodia, and are reassuring concerning the
dangerousness level of these parasites. Nonetheless, further efforts to
strengthen the triple-mutant parasites monitoring remain crucial since
the triple combination therapy (artemisinin, mefloquine and piperaquine)
is considered by WHO as a possible treatment for uncomplicated P
falciparum Malaria.

DIAGNOSING A RARE CAUSE OF MASSIVE SPLENOMEGALY
IN RURAL RWANDA

Jessica Tuan, Clara Weinstock
University of Connecticut, Farmington, CT, United States

A 21-year-old female with a history of recurrent malaria presented in rural
Rwanda with two weeks of hematemesis, malaise, and abdominal pain, in
the setting of chronic abdominal distention. On exam, her abdomen was
diffusely tender, distended, with grade V massive splenomegaly extending
beyond the midline and umbilicus. Labs showed WBC 3,000/uL, Hb 9 g/
dL, HCT 27%, PLT 40,000/uL with 6% reticulocytes. Thick smear was
negative for malaria and peripheral blood smear showed microcytosis
and macrocytosis without malignant cells. In this limited-resource area,
anti-malarial antibodies could not be obtained. She was Hepatitis C
antibody positive. Abdominal ultrasound showed massive splenomegaly
(diameter 30 cm), portal hypertension, and ascites. She was diagnosed
with Hyperreactive Malarial Splenomegaly (HMS) and started on three
days of artemether/lumefantrine, doxycycline, and folic acid without
response. Clinical improvement may take weeks. On day seven, she went
into status epilepticus and vomited several times, was intubated, and
passed away the next day. Urine culture grew Klebsiella pneumonia on
day seven, although she was asymptomatic. It is plausible that a urinary
tract infection led to her seizures and respiratory failure from aspiration
led to her death. HMS is a diagnosis of exclusion based on Fakunle’s major
criteria: Gross splenomegaly, elevated IgM, high anti-malarial antibodies,
clinical response to antimalarial therapy. In case st