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A PHASE IB STUDY TO INVESTIGATE THE ANTIMALARIAL
ACTIVITY OF M5717, A FIRST-IN-CLASS INHIBITOR OF
PLASMODIUM ELONGATION FACTOR 2, USING THE INDUCED
BLOOD STAGE PLASMODIUM FALCIPARUM MALARIA
MODEL

James McCarthy', Wilhelmina Bagchus?, Arnand Odedra’,
Rebecca Webster', Claude Oeuvray?, Aliona Tappert?, Deon
Bezuidenhout®, Xiaoyan Yin¢, Akash Khandelwal*, Oezkan
Yalkinoglu®

'QIMR Berghofer Medical Research Institute, Herston, Australia, *Merck
Institute for Pharmacometrics, Lausanne, Switzerland, 3The Global Health
Institute of Merck, Eysin, Switzerland, “Merck KGaA, Darmstadt, Germany,
>Merck (Pty), Modderfontein, South Africa, ®emd Serono, Boston, MA,
United States

M5717 is a first-in-class antimalarial that targets Plasmodium elongation
factor 2, thereby interrupting protein synthesis. A three cohort single-
dose study was undertaken to define the antimalarial activity of M5717 in
healthy volunteers using the induced blood-stage malaria (IBSM) model.
Doses of 400 mg, 150 mg and 800 mg were successively selected by
integrating preclinical data with the emerging human pharmacokinetic
(PK) data from the ongoing phase la single ascending dose (SAD) study
and, where relevant, the antiparasitic effect from the preceding IBSM
cohort/s. Administration of 400 mg resulted in a lag of ~48 hrs prior to
parasite clearance with a clearance half-life of 3.89 hrs (95% Cl: 3.27-
4.81). Recrudescence occurred in 2 out of 8 subjects, requiring artemether/
lumefantrine rescue 12 days post dosing. Administration of 150 mg
M5717 resulted in similar parasite clearance kinetics; the clearance half

life was 3.52 hrs (95% ClI: 3.12-4.03); recrudescence occurred in 2 out

of 6 subjects 10 and 12 days after treatment. Administration of 800 mg
M5717 resulted in complete clearance of parasitemia in all 8 subjects,
without any recrudescence. PK parameters were similar to those observed
in the phase la study. A PK/PD model is under development. There were no
serious adverse events (SAEs) or severe adverse events (AEs). Clinical and
laboratory deviations or AEs were mostly mild to moderate, malaria-related
and were all transient in nature. In summary, this study has demonstrated
that M5717 has a positive benefit/risk profile and supports its further
clinical development of as a single dose treatment of malaria.

A RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED,
PHASE IB STUDY TO EVALUATE THE SAFETY, TOLERABILITY
AND CHEMOPROTECTIVE ANTI-MALARIAL ACTIVITY OF
P218 AGAINST CONTROLLED HUMAN MALARIA INFECTION
BY DIRECT VENOUS INOCULATION (DVI) OF PLASMODIUM
FALCIPARUM SPOROZOITE (PFSPZ-DVI) IN NON-IMMUNE
HEALTHY ADULT VOLUNTEERS

Mohamed Farouk Chughlay
Medicines for Malaria Venture, Geneva, Switzerland

Globally, malaria causes substantial morbidity and mortality. With
increasing drug resistance, there is an urgent need for new anti-malarial
drugs for treatment and chemoprotection. P218 is a new candidate anti-
malarial drug being developed for chemoprotection against Plasmodium
falciparum malaria. Its mechanism of action involves selective inhibition of
Plasmodium DHFR, an enzyme which catalyses the reduction of folates to
tetrahydrofolates, essential for DNA biosynthesis in the malarial parasite.
P218 demonstrated activity in vitro and in vivo activity on pyrimethamine
P falciparum resistant strains suggesting that this molecule may offer a
favourable treatment advantage over pyrimethamine, a drug with similar
mechanism of action. The present study which follows the First-In-
Human study is investigating P218 (1000mg and 100mg) as a possible
chemoprotective agent against P falciparum in a standardised and model,
using direct venous inoculation of aseptic, purified, cryopreserved, vialed
P falciparum sporozoites (PfSPZ-DVI). Thirty-two healthy men and women
aged 18 to 45 years are enrolled in 3 cohorts of 8, 12 and 12 subjects.

Subjects are randomized in a 3:1 ratio, to receive two consecutive
administrations of either P218 or placebo. Cohorts 1 (safety-1000mg)

and 2 (1000mg/PfSPZ) are completed and enrolment in Cohort 3 (100mg/
PfSPZ) is ongoing. Subjects are followed-up using a Plasmodium 18S rRNA
targeted gRT-PCR treatment threshold to initiate rescue treatment after
>250 estimated parasites/mL are detected. Pharmacokinetic data on P218,
safety laboratory data, adverse events and parasite growth kinetics will

be assessed. PK/PD modelling will be performed to identify the lowest
chemoprotective P218 exposure. Data from the three completed cohorts
will be presented. If the P218 activity against P falciparum infection

is clinically demonstrated in this study, a long acting injectable depot
formulation will be considered, allowing for slow-blood-release of P218
over up to one month following single injection.

IDENTIFICATION OF IVERMECTIN METABOLITES

Phornpimon Tipthara', Kevin Kobylinski?, Markus Winterberg',
Joel Tarning'

'"Mahidol Oxford Tropical Medicine Research Unit, Bangkok, Thailand,
2Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand

Preventing transmission is one of the targets in new drug discovery for
malaria elimination. Ivermectin (IVM) mass drug administration (MDA) is
used for controlling a number of neglected tropical diseases, but is now
under consideration for malaria transmission suppression. A recent trial
demonstrated mosquito-lethal effects of human venous blood from VM-
treated volunteers, with activity for several days beyond the expected half-
life of IVM. This could be due to active IVM metabolites with mosquito-
lethal effects. A commercial IVM tablet contains two racemic components.
The major form is 25-secondary-butyl (IVM B, ) (> 90%) and the minor
form is 25-iso-propyl (IVM B,,) (< 10%). In this study, a quadrupole time-
of-flight (Q-ToF) mass spectrometer, coupled to ultra-performance liquid
chromatography (UPLC), was used to identify IVM metabolites. Potentially
important IVM metabolites were evaluated using in vitro techniques
(human liver microsomes) and verified using in vivo clinical samples from
healthy volunteers. Human liver microsomes were incubated with IVM
racemic mixture (10 uM), pure IVM-B1a (10 uM), and pure IVM-B1b (10
uM). Metabolite fractions were collected one hour after incubation, and
the reaction stopped with the additional of ice cold acetonitrile. Incubation
at zero time, incubation without cofactor, and incubation without IVM
were used as controls. For the in vivo study, whole blood was collected
from volunteers after administration of IVM (400 pg/kg). IVM-B1a and
IVM-B1b was separated successfully by the developed chromatographic
method. Mass spectrometry analysis identified more than 10 potentially
important metabolites in in-vitro samples. VM metabolites were primarily
oxidation, di-oxidation, and demethylation products. Of these, two were
abundant in the blood of volunteers who had ingested IVM. To our
knowledge, this is the first detailed description of IVM metabolites in
human. Further evaluation of these potentially important metabolites and
their mosquito lethal effects are ongoing.

PROPHYLACTIC EFFICACY OF POTENT AND BROADLY
NEUTRALIZING, NON-CROSS-COMPETING FULLY HUMAN
MONOCLONAL ANTIBODIES TARGETING PFRH5

Jonathan Viau, Lisa Purcell
Regeneron Pharmaceuticals, Tarrytown, NY, United States

Plasmodium falciparum reticulocyte-binding protein homolog 5 (PfRH5)

is remarkably conserved, making it an ideal vaccine target. Passive
immunization with monoclonal antibody (mAb) to a conserved epitope on
the merozoite could provide protection throughout the malaria season.
Human mAbs are ideally suited as therapeutics due to their tolerability
and predictable pharmacokinetics. Recombinant PfRH5 protein and
purified Plasmodium falciparum merozoites were used to immunize

mice expressing fully human germline variable segments. We isolated a
panel of human mAbs from these Velocimmune®mice that were broadly
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neutralizing and potent. The mAbs were effective against both antimalarial
drug-susceptible and -resistant laboratory and clinical strains in vitro.

Both the IgG1 and IgG4 versions of these mAbs were also effective in

the presence of human and Aotus normal serum. Growth inhibition

was enhanced by the combination of mAb with chloroquine (CQ) in
CQ-susceptible strains and the mAbs maintained effectiveness under

CQ pressure with a CQ-resistant strain. The pharmacokinetic profiles of
these mAbs in mice were consistent with that expected of human IgG
specific for exogenous target. A six-week in vitro study with constant
mAb pressure did not result in escape mutants for any one of the isolated
mADbs, however, non-cross-competing RH5 mAbs from this panel could
be combined to help circumvent the potential emergence of resistant
strains. Nonhuman primates were used to assess the dose-dependent,
prophylactic effectiveness of one of these mAbs against P falciparum FVO
infection. Passive immunization of PfRH5 mAb in the Aotus challenge
model demonstrates the seasonal protection that could be afforded to
humans in malarious regions.

DISSECTION OF HAPLOTYPE-SPECIFIC DRUG RESPONSE
PHENOTYPES IN MULTICLONAL MALARIA ISOLATES

Standwell Nkhoma, Amel Ahmed, Danielle L. Porier, Sharmeen
Zaman, Timothy T. Stedman

ATCC, Manassas, VA, United States

Natural infections of Plasmodium falciparum often comprise multiple
clonal lineages of the parasite. Drug susceptibility profiles of malaria
isolates containing multiple parasite lineages (haplotypes) may yield
variable susceptibility patterns depending on the abundance of each
parasite haplotype present. We hypothesized that the observed variability
in half-maximal drug inhibitory concentration (IC,,) of malaria isolates
when measured on independent occasions is due to the presence of
multiple parasite haplotypes with differing levels of antimalarial drug
susceptibility. To test this hypothesis, we studied in vitro antimalarial
susceptibility profiles of parasite haplotypes cloned from three P
falciparum Cambodian isolates (BEI Resources MRA-1236 IPC 3445,
MRA-1240 IPC 5202, and MRA-1285 IPC 6403). Parasites were cloned
by limiting dilution and typed at 23 highly polymorphic single nucleotide
polymorphisms (SNPs) distributed across the P falciparum genome to
identify constituent haplotypes. The isolates harbored two to four co-
infecting haplotypes. Isolate haplotypes were highly related, sharing up
to 21 of the 23 SNPs. Individual haplotypes from two of the three isolates
exhibited significant variability (p<0.05) in their in vitro susceptibility to
chloroquine, mefloquine, lumefantrine and piperaquine as measured by
standard growth inhibition assays. In most cases, the IC, of the dominant
co-infecting parasite haplotype reflected that of the uncloned parental
isolate. This suggests that one co-infecting parasite haplotype often
dominates the antimalarial susceptibility profile and may mask the effect of
minor frequency haplotypes. We conclude that significant variability in the
in vitro drug response phenotype of a multiclonal infection is often due
to the presence of multiple parasite subpopulations with differing levels
of susceptibility. We recommend cloning of isolates prior to use for in
vitro drug susceptibility studies for screening candidate antimalarials. This
practice should minimize variability in drug response across independent
assays using standardized or clonal parasite lineages.

NANOMOLAR POTENCY INHIBITORS OF THE MALARIA
PURINE UPTAKE TRANSPORTER KILL PLASMODIUM
FALCIPARUM PARASITES

Yvett Darcie Sosa’, Xiaoming Xu?, Shi-Xian Deng?, Donald
Landry?, Myles Akabas'

'Albert Einstein College of Medicine, Bronx, NY, United States, *Columbia
University, New York City, NY, United States

Malaria is caused by infection with Plasmodium genus parasites. Due to
spreading anti-malarial drug resistance, it is imperative to develop drugs

with novel targets. One novel target is the purine uptake transporter, the
Plasmodium falciparum Equilibrative Nucleoside Transporter (PENT1).
Previously, a yeast-based high throughput screen of the GSK compound
library identified PfENT1 inhibitors. GSK transferred six hits with diverse
chemical scaffolds to our lab as promising starting points for hit-to-lead
medicinal chemistry. These compounds killed parasites with IC, | values
under 15 pM. We focused medicinal chemistry efforts on one compound
and synthesized 160 derivatives. 17 of these compounds had IC,  values
under 50 nM in PR falciparum parasite cytotoxicity assays. All compounds
killed a variety of drug sensitive and drug resistant P falciparum strains
with IC, values between 0.2 to 158 nM. All compounds show efficacy
against the P vivax and P berghei ENT1 homologues expressed in yeast.
We tested the efficacy of compounds against human erythrocyte purine
transporters, hENT1 and the human facilitated nucleobase transporter,
hFNT. Four compounds did not inhibit hRENT1. All other compounds
inhibit hENT1 with IC,  values 4 to 12-fold greater than PfENT1. None

of the compounds inhibited hFNT. Nine compounds did not display
human hepatoma HepG2 cell cytotoxicity. Eight compounds had HepG2
cytotoxicity IC,  values between 10 to 30 pM. We demonstrate PENT1 is
a viable target for antimalarial drug development. These inhibitors have
nanomolar potency against drug sensitive and resistant P falciparum
strains and represent attractive leads for further anti-malarial drug
development.

ASPARAGINE ETHYLENEDIAMINES AS ANTI-MALARIAL
PLASMODIUM-SELECTIVE PROTEASOME INHIBITORS

Wenhu Zhan', Joeseph Visone', Jacob Harris', Tierra Ouellette’,
Rong Wang?, Hao Zang', Pradeep Singh', John Ginn?, George
Sukenick?, Tzu-Tshin Wong?, Judith Okoro?, Ryan Scales®, Patrick
K. Tumwebaze?, Philip J. Rosenthal®, Bjorn Kafsack’, Roland A.
Cooper®, Peter T. Meinke?, Gang Lin', Laura Kirkman'

"Weill Cornell Medical College, New York, NY, United States, 2Memorial
Sloan Kettering, New York, NY, United States, >Tri-Institutional
Therapeutics Discovery Institute, New York, NY, United States, *Infectious
Diseases Research Collaboration, Kampala, Uganda, *Dominican University,
San Rafael, CA, United States, °University of California San Francisco, San
Francisco, CA, United States

The Plasmodium proteasome (Pf20S) recently emerged as a target for
antimalarials. Pf20S inhibitors are active at multiple stages of the parasite
life cycle and synergize with artemisinins, suggesting that Pf20S inhibitors
have potential to be prophylactic, therapeutic, transmission blocking as
well as useful for combination therapy. We recently reported asparagine
ethylenediamines (AsnEDAs) as human immunoproteasome inhibitors and
modified AsnEDAs as selective Pf20S inhibitors. Here we report further
structure-activity relationship study of AsnEDAs for selective inhibition of
Pf20S over human proteasomes. Additionally, we show a new mutation
in the Pf20S B5 subunit (B5A495S) that conferred resistance to AsnEDAs
and collateral sensitivity to an inhibitor of the Pf20S B2 subunit, as in

our previously identified mutation in the B6 subunit (36A117D). This
resistance could be overcome through the use of structure-guided inhibitor
design. Thus, collateral sensitivity to inhibitors of one proteasome subunit
can arise from point mutations in multiple other subunits, underscoring
the potential value of treating malaria with combinations of inhibitors

of different proteasome subunits to minimize the emergence of drug
resistance.

THE COMPENSATORY RESERVE INDEX FOR PREDICTING
SHOCK IN INTENSIVE CARE PATIENTS WITH SEVERE DENGUE

Trieu T. Huynh', Lam K. Phung?, Tam T. Dong?, Chau V. Nguyen’,
Quyen T. Nguyen?, Ertan Deniz?, Jane Mulligan4, De Huynh?, Brian
Streng?, Bridget A. Wills?, Steven L. Moulton®, Sophie Yacoub?
'Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam, *Oxford
University Clinical Research Unit, Ho Chi Minh City, Vietnam, 3Sierra
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Nevada Corporation, Sparks, NV, United States, “Flashback Technologies,
Inc., Louisvill, CO, United States, *University of Colorado School of
Medicine, Aurora, CO, United States

Severe dengue is defined by a plasma leak syndrome leading to
intravascular volume depletion and shock. The majority of patients with
dengue shock recover after a single fluid infusion, however, recurrent
shock occurs in approximately 30% and carries a higher risk of poor
outcomes. Early Identification of these patients would allow more intensive
treatment. The compensatory reserve Index (CRI) is a new physiological
parameter that tracks real-time changes in central volume. It is derived
from feature analysis of the pulse arterial waveform. Arterial waveform
data is processed by an algorithm, giving a CRI value between 1 and 0,
where 1 represents normovolaemia and 0 represents decompensated
shock (SBP < 80 mm Hg). We investigated the utility of CRI to predict
re-shock compared to the current gold standards, including clinical and
vital sign parameters in severe dengue. We performed a prospective
observational study in the paediatric and adult Intensive Care Units

(ICU) at the Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam.
Patients were monitored with hourly clinical and vital sign parameters,
and continuous recording of the arterial waveform using pulse oximetry.
The waveform data was wirelessly transmitted to a laptop where it was
synchronized with the patient’s clinical data. 90 patients were enrolled, of
which 55 had the minimum required dataset for analysis. The median age
was 11 years (IQR 8-14 years). CRI had a moderate negative correlation
with diastolic and systolic BP. Using logistic regression GEE models, CRI
was found to predict shock (defined as PP<20mmHg) up to 5 hours before
the event, ranging from the highest risk at 25 minutes prior to shock; OR
1.93, (95% Cl 1.49-2.51), P<0.001 and AUC of 0.82, decreasing at 1
hour prior; OR 1.67, (95% ClI 1.33-2.11), P<0.001, AUC of 0.77 and at 5
hours prior: OR 1.39, 95% (ClI 1.11-2.76), P=0.004 and AUC of 0.68. A
CRI cut-off of 0.4 provided the best sensitivity and specificity for predicting
shock (0.8 and 0.72 respectively). In summary, CRI is a useful non-invasive
method for monitoring intravascular volume status in severe dengue and
can predict shock recurrence up to 5 hours before the event.

UPDATE FROM PAGODAS: PEDIATRIC ASSESSMENT
GROUP OF DENGUE AND AEDES SALIVA TO INVESTIGATE
VECTOR-BORNE DETERMINANTS OF AEDES-TRANSMITTED
ARBOVIRAL INFECTIONS IN CAMBODIA

Rithea Leang’, Daniel Parker?, Dara Kong', Somnang Man',
Sokunthea Sreng’, Sreyngim Lay’, Kimsour Nang', Shaden
Kamhawi?, Michael Fay?, Emerito Amaro-Carambot?, Stephen
Whitehead?, Stephen Whitehead?, Seila Suon', Chea Huch’,
Rekol Huy’, Thomas E. Wellems?, Jesus G. Valenzuela?, Jessica E.
Manning*

'National Center for Parasitology, Entomology, and Malaria Control,
Phnom Penh, Cambodia, *University of California Irvine, Irvine, CA, United
States, *National Institute of Allergy and Infectious Diseases, Bethesda,
MD, United States, *National Institute of Allergy and Infectious Diseases,
Phnom Penh, Cambodia

Dengue virus is a serious public health concern in Cambodia. Defining

the burden of dengue disease and the Aedes aegypti vector determinants
that exacerbate disease transmission are critical for Cambodian public
health authorities. In this longitudinal pediatric cohort based in community
pagodas, we enrolled 771 healthy Cambodian children aged 2 to 9 years
old in July and August 2018 to be followed twice per year (rainy and dry
season) for serosurveillance for Ae. aegypti salivary gland homogenate
antibody intensity determinations as well as dengue seroprevalence
through a combination of ELISA and plaque reduction neutralization test
(PRNT) assays. Traditional entomological surveys were also performed in
731 houses and 5053 water containers in the community. At baseline,
dengue virus seroprevalence was: 19.5% (34/174; 95% Cl 13.9-26.2) in 2
— 3 year olds, 22% (45/204; 95% Cl 16.6- 28.4) in 4 - 5 year olds, 36.6%
(67/183; 95% Cl 29.6-44) in 6 — 7 year olds, and 65.8% (n=129/196;
95% Cl 58.7-72.4) in 8 — 9 year olds. Full serotyping and PRNT titers will

be available by presentation time. As the cohort data collection is still
ongoing, initial geospatial analysis will be shown for baseline dengue
seroprevalent participants (n=273), asyptomatic dengue cases and acute
dengue cases as of October 2019 and their association (or lack thereof)
with Ae. aegypti anti-saliva antibody intensity at wet and rainy season,
mean larval density (from 5053 water containers at 731 houses), and
Premises Condition Index (PCI) scoring. Our preliminary findings indicate
that: 1) dengue seropositivity increases with age, with most children being
seropositive by age 8; and 2) there is spatial overlap between house quality
(from PCI), high Ae. aegypti salivary responses, and dengue seropositivity.

PHARMACOKINETICS OF TKM-130803 IN EBOLA VIRUS
DISEASE IN SIERRA LEONEAN PATIENTS

Janet T. Scott!, Raman Sharma?, Luke W. Meredith?, Jake
Dunning', Catrin E. Moore?, Foday Sahr®, Steve Ward?, lan
Goodfellows, Peter Horby®

'"MRC-University of Glasgow Centre for Virus Research, Glasgow, United
Kingdom, 2Liverpool School of Tropical Medicine, Liverpool, United
Kingdom, *University of Cambridge, Cambridge, United Kingdom, *Centre
for Tropical Medicine and Global Health, University of Oxford, Oxford,
United Kingdom, >** Military Hospital, Freetown, Sierra Leone, ®Centre for
Tropical Medicine and Global Health, University of Oxford, Oxford, United
Kingdom

TKM-130803 is a specific anti-ebola virus (EBOV) therapeutic comprising
of two small interfering RNAs (siRNA) siLpol-2 and siVP35-2. The
pharmacokinetics (PK) of these siRNAs was defined in Ebola virus disease
(EVD) patients, with reference to efficacy (ET) and toxicology thresholds
(TT). The relationship between PK and patient survival was explored. PK
and pharmacodynamic (PD) data were available for seven participants
with EVD in Sierra Leone who received 0.3 mg/kg of TKM-130803

by intravenous infusion over 2 hours daily for up to 7 days. Plasma
concentration of siRNA was compared to survival at 14 days. PK data were
fitted to two-compartment models then Monte Carlo simulated PK profiles
were compared to ET (Cmax 0.04-0.57 ng/mL and mean concentration
1.43 ng/mL), and TT (3000 ng/mL). Viral loads (VL) were not significantly
different at treatment onset or during treatment (p=0.1) in subjects

who survived or died. siRNA was in quantitative excess of virus genomes
throughout treatment, but the 95% percentile exceeded TT. Plasma
concentration of both siRNAs were higher in subjects who died compared
to subjects who survived (p<0.025 both siRNAs). The maximum AUC for
which the 95% percentile remained under TT was a continuous infusion of
0.15mg/kg/day. TKM-130803 was circulating at concentrations considered
sufficient for efficacy but given extremely high viral loads it seems likely
that the patients died because they were physiologically beyond the point
of no return. Subjects who died exhibited indications of impaired drug
clearance, justifying caution in dosing strategies for such patients. This
analysis has given a useful insight into the pharmacokinetics of the siRNA
in the disease state and illustrates the value of designing PKPD studies into
future clinical trials in epidemic situations.

HEARING LOSS ASSOCIATED WITH VIRAL HEMORRHAGIC
FEVERS

Samuel C. Ficenec’, Donald Grant?, Robert Samuels?, Susan D.
Emmett3, John S. Schieffelin’

"Tulane School of Medicine, New Orleans, LA, United States, *Sierra Leone
Ministry of Health and Sanitation, Freetown, Sierra Leone, *Duke University
School of Medicine, Durham, NC, United States

Hearing loss affects over 1.3 billion people worldwide. Despite well
known social, economic, and neurologic consequences, this condition
receives little attention. Ebola (EBV) and Lassa Fever (LF) have both been
reported to cause hearing loss. However, the true burden of hearing
loss secondary to these viruses is likely underestimated due to lack of
standardized measurement and reporting. This is a cross-sectional study
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of LF and EBV survivors and household controls. Upon recruitment

into the study, survivors and controls were screened for hearing loss by
determining Pure Tone Averages (PTAs) of air conduction thresholds using
an AMBCO audiometer, according to WHO standards. Individuals found

to have elevated PTAs were referred to confirmatory testing measuring
both air and bone conduction thresholds using a SHOEBOX audiometer

to differentiate between sensorineural and conductive hearing loss.

As of March 2019, a total of 1329 individuals were recruited for this

study, including 301 EBV survivors, 73 LF Survivors and 955 household
controls. The mean age of the entire cohort was 25.3 years. Of the 301
participating Ebola survivors, 170 (56.5%) were found to have either
bilateral or unilateral hearing loss vs 316 (44.4%, p <0.0001) of EBV
controls . In addition, 52 (71.2%) of LF Survivors vs 120 (49.4%, p <0.001)
of LF controls were to found have hearing loss on initial screening. Since
the addition of confirmatory testing to the study protocol in August 2018,
a total of 222 Ebola survivors and 537 contacts have been tested using this
methodology. Confirmatory testing reveals 55 (24.8%) EVD Survivors vs 51
(9.5%, p <0.0001) of EVD controls have hearing loss. Confirmatory testing
is still ongoing for LF Survivors and controls and will be completed by April
30, 2019.The results of this study demonstrate an association between
hearing loss and survival of EVD or LF. Due to the chronic effects of this
disability, it is imperative that greater emphasis be placed on characterizing
EVD- and LF-related hearing loss not only to decrease the burden of
disease and improve the lives of survivors.

MACHINE-LEARNING PROGNOSTIC MODELS FROM THE
2014-16 EBOLA OUTBREAK: DATA-HARMONIZATION
CHALLENGES, VALIDATION STRATEGIES, AND MHEALTH
APPLICATIONS

Andres Colubri’, Mary-Anne Hartley?, Mathew Siakor?, Vanessa
Wolfman3, August Felix', Adam C. Levine?, Pardis C. Sabeti’

'Broad Institute, Cambridge, MA, United States, *University of Lausanne,
Lausanne, Switzerland, 3International Medical Corps, Los Angeles, CA,
United States, “Brown University, Providence, Rl, United States

We created a family of prognostic models for Ebola virus disease from

the largest dataset of EVD patients published to date. We incorporated
these models into an app, “Ebola Care Guidelines”, that provides

access to recommended, evidence-based supportive care guidelines and
highlights the signs/symptoms with the largest contribution to prognosis.
We applied multivariate logistic regression on 470 patients admitted to
five Ebola treatment units in Liberia and Sierra Leone during the 2014-

16 outbreak. The models were then validated with two independent
datasets from Sierra Leone. Viral load and age were the most important
predictors of death. We generated a parsimonious model including viral
load, malaria rapid test result, age, body temperature, bleeding, jaundice,
asthenia, dyspnea, dysphagia, and referral time recorded at triage. We also
constructed fallback models for when variables in the parsimonious model
are unavailable. The performance of the parsimonious model approached
the predictive power of observational wellness assessments by experienced
health workers and was robust across the validation datasets, with Area
Under the Curve (AUC) ranging from 0.75 to 0.83 and overall accuracy

of 70% to 78%. Machine-learning models and mHealth tools have the
potential for improving the standard of care in low-resource settings and
emergency scenarios, but data incompleteness and lack of generalizable
models are major obstacles. We showed how harmonization of multiple
datasets yields prognostic models that can be validated across different
cohorts. Similar performance between the parsimonious model and those
incorporating expert wellness assessments suggests that clinically-guided
machine learning approaches can recapitulate clinical expertise, and thus
be useful when such expertise is unavailable. We also demonstrated

with our guidelines app how integration of those models with mobile
technologies enables deployable clinical management support tools that
facilitate access to comprehensive bodies of medical knowledge.

CLINICAL PROFILE AND THERAPEUTIC RESPONSE OF
MEROPENEM AND AZITHROMYCIN IN THE TREATMENT OF
EXTENSIVELY DRUG RESISTANT (XDR) TYPHOID FEVER IN A
LOW-MIDDLE INCOME COUNTRY

Sonia Qureshi, Tahir Yousafzai, Abdullah Naveed, Khalil Ahmad,
Sarwat Ansari, Heeramani Lohana, Farah Naz Qamar

Aga Khan University Hospital, Karachi, Pakistan

Enteric fever due to Salmonella Typhi is one of the leading causes of
bacterial febrile disease in Pakistan and with the emergence of extensively
drug resistant (XDR) Salmonella Typhi; it poses an even greater risk. Here
we report the clinical manifestations and the treatment response of
different antibiotics in treating patients with extensively drug resistant
typhoid fever in Pakistan. We retrospectively reviewed the records of
culture proven XDR typhoid patients who visited Aga Khan University
Hospital, Karachi and Aga Khan Secondary Care Hospital, Hyderabad
between April 2017 to June 2018. Only cases with complete records
were included in this study. Clinicopathologic data was reviewed to

assess antibiotic response used for treatment of XDR typhoid fever

and frequency of different clinical symptoms was also documented.

60 patients were enrolled into this study. The two main antibiotics
(azithromycin and meropenem) that were used were compared in terms
of treatment response by dividing patients into 3 groups; meropenem
only (n=10), azithromycin only (n=20) and combination of meropenem
and azithromycin (n=30). For patients who were only administered
azithromycin, their mean (£SD) time to defervescence was 7.5 (x 3.7)
days with 2 treatment failures. Patients who were only administered
meropenem had a mean (xSD) time to defervescence of 5.3 (x 3.5)

days with 1 treatment failure. Patients who received combination of
meropenem and azithromycin had a mean (+SD) time to defervescence of
7.0 (£4.0) days with 2 treatment failures. This observational study showed
no significant difference in clinical outcomes when being treated with
azithromycin, meropenem or both. Clinical trials are needed for further
evidence.

HISTOPATHOLOGICAL GRADING OF ENVIRONMENTAL
ENTERIC DYSFUNCTION (EED) IN THE SEEM STUDY

Najeeha Talat Igbal’, Kamran Sadiq’, Sana Syed?, Zubair Ahmad’,
Romana Idress', Zehra Jamil', Kumail Ahmed?, Junaid Igbal’,
Shahida Qureshi', Aneeta Hotwani’, Najeeb Rahman', Fayyaz
Umrani’, Sheraz Ahmed', Sean Moore?, Asad Ali’

'Aga Khan University, Karachi, Pakistan, 2University of Virginia,
Charlottesville, VA, United States

Environmental Enteric Dysfunction (EED) is an acquired syndrome in
children, a poorly defined entity of multi-factorial disease processes that
encompasses environmental insults and repeated infections accompanied
by structural and functional abnormalities of gut. Impoverished living
conditions and inadequate nutrition markedly affect gut function that
translates into linear growth faltering. Confirmation of EED requires a
rigorous workup of malnutrition, including examination of Gl mucosa.
These studies are rare and results of few studies are primitive and
equivocal. BMGF supported biopsy initiative to find treatable causes of
malnutrition, and to characterize EED based on histological scoring. In this
study, histological grading of EED is presented in 50 children with chronic
malnutrition and failure to nutritional intervention. This longitudinal

birth cohort was followed up to two years. Children were selected for
upper Gl endoscopy, if there was no recovery in growth (WHZ< -2.0) post
educational counselling and nutritional rehabilitation. Child was assessed
by physicians for further work up. Three punch biopsies were collected
from D3/D2 portion of small intestine and were preserved in formalin for
H&E. Biological samples were collected for exploratory biomarkers studies.
Among several parameters of the grading system, acute and chronic
inflammation, villous blunting, presence of IELs and detection of pathogen
were analyzed by AKU histopathologists. Of 35 biopsies scored, the Mean
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score was 7.0+ 2.6 and range was 3 to12. Majority of cases (77 %) were
scored > 5. Giardia and H. pylori mixed infection was observed in 18% of
cases, H.pylori being most prevalent pathogen (48%), followed by Giardia
(40%). Moreover, IELs were raised in 24% of cases. A negative correlation
between Leptin (r-0.545; p=0.002) and IGF (r -0.293; p=0.08) were
observed with increasing EED score.Further work require correlation of EED
biomarkers with severity of disease, and whether EED pathology at site
affects systemic or gut inflammatory biomarkers which can be captured
through non-invasive EED biomarkers studies.

DROP-THE-LOSER ADAPTIVE INTERVENTIONS: AN
INNOVATIVE DESIGN FOR FINDING THE OPTIMAL
INTEGRATED MALARIA VECTOR CONTROL STRATEGIES

Guofa Zhou
University of California Irvine, Irvine, CA, United States

Vector control is the primary means of preventing mosquito-borne disease
and has been implemented worldwide. Due to the large number of
available and emerging interventions and the heterogeneous and dynamic
nature of transmission, an innovative trial design must be developed to
test interventions and find the optimal combination. One viable approach
may be to build an adaptive design using a sequential multiple assignment
randomized trial (SMART). We review the SMART design and highlight

its advantages over alternative experimental designs in constructing and
revising adaptive interventions. We used malaria vector control as an
example to show how the new approach can be used to develop optimal
integrated intervention strategies. We conducted the simulation study
based on local vector ecology, malaria transmission characteristics, and
environmental conditions. The simulated interventions included regular
long-lasting insecticidal nets (LLINs), piperonyl butoxide-treated LLINs
(PBO-LLINSs), indoor residual spraying (IRS) with alternative insecticides,
and long-lasting microbial larviciding (LLML). We used a drop-the-loser
adaptive design with malaria infection prevalence (MIP) as the outcome
measure. The simulation results indicate that, in an area with high
pyrethroid resistance and moderate outdoor transmission, a) PBO-LLIN and
alternative-insecticide IRS significantly reduced MIP compare to LLINs; b)
when alternative-insecticide IRS or LLML were added to existing PBO-LLIN,
both were effective in further reducing MIP; ¢) if only two interventions
can be used, PBO-LLIN+LLML would be most effective in reducing MIP;
and d) adding LLML on top of PBO-LLIN+IRS (with alternative insecticides)
had a significant impact on MIP; however, if PBO-LLIN+LLML has already
been implemented, adding IRS may not be recommended. Our simulation
example provides a framework or new pathway for informing the optimal
integrated intervention. The simulated results are in agreement with
existing field trials, and the new strategy can be tested in field trials.

EFFECTIVENESS OF COMPLEMENTARY STRATEGIES ON
MALARIA BURDEN AND TRANSMISSION: A FOUR-ARMED
RANDOMIZED CONTROLLED TRIAL IN KORHOGO AREA,
NORTHERN COTE D'IVOIRE

Barnabas Zogo', Bertin N'Cho Tchiekoi?, Dieudonné Diloma
Soma?, Anthony Somé3, Ludovic P. Ahoua Alou?, Alphonsine

A. Koffi2, Florence Fournet?, Amal Dahounto3, Baba Coulibaly?,
Roch Kounbobr Dabiré?, Lamine Baba-Moussa®, Nicolas Moirouxe,
Cédric Pennetier4

'Institut Pierre Richet/MIVEGEC (University Montpellier, CNRES, IRD)/
Université d’Abomey-Calavi, Bouaké, Cote D’Ivoire, ?Institut Pierre Richet,
Bouaké, Cote D’Ivoire, 3Institut de Recherche en Sciences de la Santé
(IRSS), Bobo-Dioulasso, Burkina Faso, “MIVEGEC (University Montpellier,
CNRES, IRD), Bouaké, Cote D’Ivoire, *Université d’Abomey-Calavi, Abomey-
Calavi, Benin, SMIVEGEC (University Montpellier, CNRES, IRD), Bobo-
Dioulasso, Burkina Faso

Communication for human behavioral changes, indoor residual spraying
and larviciding belong to the vector control arsenal to fight against

malaria. However, there are not conclusive evidences that their use in
combination with the core vector control tool, long-lasting insecticide
treated nets (LLINs) provide additional benefit. To help decision makers

in policy making, we conducted a four-armed randomized controlled

trial to assess whether the use of these tools in combination with LLINs
provide additional protection against malaria in an area of high pyrethroid-
resistance. The trial was conducted in 28 villages in Korhogo area,
Northern Céte d'Ivoire from September 2017 to July 2018, after one year
of baseline survey. We selected the villages based on the population size
and a minimum distance between villages of 2 km. Eight villages were
randomly allocated to larviciding with Bacillus thuringiensis israeliensis, six
villages to IRS with pyrimiphos-methyl and six other villages to intensive
communication for human behavioral changes. All these villages as well
as the remaining 8 villages (control group) were covered with LLINs before
the implementation of complementary strategies. We carried out four

(4) entomological cross sectional surveys and five (5) epidemiological
cross sectional surveys for the measurement of entomological and
epidemiological outcomes after the implementation of strategies. The
analysis of malaria incidence, prevalence and transmission in Korhogo will
be presented.

THE DISTRIBUTION AND INSECTICIDE RESISTANCE STATUS
OF ANOPHELES STEPHENSI IN EASTERN ETHIOPIA

Meshesha Balkew
Abt Associates Inc., Addis Ababa, Ethiopia

Anopheles stephensi was detected in the Horn of Africa for the first

time in 2012 in Djibouti and in the Somali region of Ethiopia in 2016.

To understand the extent of its geographic distribution and insecticide
resistance status, the PMI VectorLink project in collaboration with Jigjiga
and Diredawa Universities conducted a cross-sectional survey between
August and November 2018, in ten urban localities in Eastern Ethiopia:
Dire Dawa, Erer, Jigjiga, KebriDehar, Degehabur, Godey, Bati, Gewane,
Semera and Awash Sebat Kilo. Adult mosquitoes were sampled using
Human Landing Catches (HLCs), Centers for Disease Control and
Prevention Light Traps (CDC LTs) and Pyrethrum Spray Catches (PSCs).
Larvae and pupae were sampled from potential mosquito breeding

sites using standard dippers. Morphology-based species identification
was evaluated with sequence analysis at Baylor University. Susceptibility
tests against six insecticides: pirimiphos-methyl, propoxur, bendiocarb,
deltamethrin, permethrin and alphacypermethrin and synergist tests using
piperonyl butoxide were conducted in two of the ten sites, Diredawa

and Kebridehar using WHO tube test. The study revealed the presence

of An. stephensi in all the ten study sites. The survey produced a total

of 90 adult-caught and 2,149 larval-collected An. stephensi Cisterns,
tanks, barrels and tires were found to be important larval habitats in the
study areas. The two populations of An. stephensi were resistant to all
insecticides tested (19-80% mortalities) with the exception of pirimiphos-
methyl (100% mortality). Pre-exposure to PBO fully or partially restored
An. stephensi susceptibility to deltamethrin and permethrin indicating
involvement of oxidases as a resistance mechanism. The distribution of An.
stephensi appeared to be wider than expected, based on the initial finding
in one location, and warrants a nationwide survey to understand its
spatial distribution in Ethiopia. Further study is also needed to determine
physiological resistance, behavioral patterns and its role in malaria
transmission in Ethiopia with the goal of design of appropriate vector
control interventions.
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THE PROTECTIVE GAP OF INDOOR RESIDUAL SPRAYING:
WALL MODIFICATIONS AFTER SPRAYING AFFECTS ACTUAL
COVERAGE AND HAMPERS MALARIA ELIMINATION EFFORTS

Mercy Opiyo', Charfudin Sacoor?, Mara Maquina?, Celso Alafo?,
Pedro Aide?, Ariel Nhacolo?, Lucia Fernandez-Montonya?®, Helena
Marti', Francisco Saute?, Krijn Paaijmans*

'Barcelona Institute for Global Health, Barcelona, Spain, ?Manhica Health
Research Centre, Maputo, Mozambique, *World Health Organization,
Geneva, Switzerland, “Arizona State University, Tempe, AZ, United States

Though bednets and indoor residual spraying (IRS) have made a
significant contribution to the reduction of malaria transmission in Africa,
transmission persists, indicating that these tools alone are not sufficient
for this disease. This is under the assumption that tools are implemented
to full effect. Whilst the residual effect of IRS insecticides and changes in
mosquito traits are being monitored, human behaviors that may affect
IRS efficacy such as replastering, painting or washing of treated wall
surfaces are never. Yet estimates on the number of people protected,

as well as large-scale efficacy studies on the additional effect of IRS on
top of nets continue. The purpose of the present study is to quantify the
frequency of those human behaviors over time. Together with data on the
residual effect of insecticides and information on mosquito bionomics,
the protective gap of IRS can be properly quantified, which will allow us
to design appropriate mitigation strategies. The study is conducted in
two districts in southern Mozambique: Matutuine sprayed with Actellic®
(300CS, active ingredient: pirimiphos-methyl, Syngenta) and Boane with
SumiShield® (50WG, active ingredient: clothianidin, Sumitomo Chemical).
Three hundred households were selected per district, and interviewed
monthly using structured questionnaires to collect information related

to human behavior. These included factors such as changes made to

the walls since spraying, type of wall modification, number of rooms
modified, specific rooms modified, adults and children sleeping in such
modified spaces, reasons for wall modifications, number of rooms added
since spraying, as well our their appreciation of long-lasting insecticide-
treated nets, indoor residual spraying and other vector control tools.
Preliminary data shows that wall modifications following a successful IRS
implementation are common, with people mostly modifying bedrooms
and living rooms. Final data are being collected, and will be presented
during the meeting in November.

THE COST OF MEASURING IMPACT: RANDOMIZED CONTROL
TRIAL (RCT) METHODOLOGIES FOR VECTOR CONTROL

Molly Robertson’, Joe Wagman', Rose Zulliger?, Abuchahama
Saifodine3, Baltazar Candrinho?, Jason Richardson®, Laurence
Slutskers, Carlos Chaccour’, Francisco Saute!

'PATH, Washington, DC, United States, *President’s Malaria Initiative,
Division of Parasitic Diseases and Malaria, US Centers for Disease Control
and Prevention, Maputo, Mozambique, President’s Malaria Initiative, US
Agency for International Development, Maputo, Mozambique, *Programa
Nacional do Controlo da Malaria, Maputo, Mozambique, *Innovative
Vector Control Consortium, Liverpool, United Kingdom, ®PATH, Seattle,
WA, United States, 7ISGlobal, Barcelona Centre for International Health,
Research Hospital Clinic - Universitat de Barcelona, Barcelona, Spain

To estimate the cost-effectiveness of combining third generation indoor
residual spraying with long-lasting insecticidal bed net universal coverage
campaigns, a cluster randomized control trial (RCT) was conducted

over two years in Mopeia district, Mozambique from Nov 2016 - Oct
2018. The trial measured malaria burden and the effect of seasonal IRS
campaigns conducted by PMI/Abt Associates using five methodologies:
entomological monitoring, a monthly infection incidence cohort of ~1,500
children under 5 years old at enrollment, yearly, all-age cross-sectional
surveys with parasite prevalence measured through rapid diagnostic tests,
enhanced routine passive case surveillance linked to each study cluster,
and costing. All of the methodologies help shape an understanding of

malaria burden and the cost-effectiveness of the intervention in different
ways. Some results closely aligned, for example, there were similar

trends in decreased monthly vector densities as well as decreased cohort
infection incidence and passive case incidence rates in communities that
received IRS. But there was some discordance between the incidence and
prevalence trends: during the first five months of the study incidence rates
of new malaria infections in the cohort and confirmed malaria cases from
district health facilities both declined significantly in IRS communities but
there was no corresponding difference in malaria infection prevalence
measured between IRS and non-IRS communities during the 2017 cross
sectional survey. While the use of complementary impact measures
provides nuanced and in-depth understanding of the effectiveness of

the IRS intervention, each measure also has important analytical and cost
implications. This talk will describe the details and contribution of each
approach to overarching project objectives and discuss the decision, in the
continuation of the study to a 3" year, to alter the methodology. Given the
cost of each method, and of RCTs in general, this discussion is important
for others considering which strategies to employ when conducting
studies to estimate the public health impact of vector control interventions.

LESSONS LEARNED, CHALLENGES AND IMPLICATIONS

FOR DECISION-MAKING AFTER A DECADE OF EXPERIENCE
MONITORING THE IMPACT OF INDOOR RESIDUAL SPRAYING
IN BENIN, WEST AFRICA

Martin Akogbeto
Cotonou Research Entomology Center, Cotonou, Benin

Benin has performed Indoor Residual Spraying (IRS) in 19 communes
since 2008: 4 communes in southern Benin (2008-10) and 9 communes
in Atacora (2011-16) and 8 communes in Atacora, Alibori, and Donga
(2017-18) in northern Benin. However, Benin still struggles with questions
about IRS' costs, benefits, and epidemiological impact. We discuss
lessons learned and challenges from 10 years of IRS in Benin. CREC has
assessed entomological parameters in IRS districts since 2008. Compared
to controls, significant decreases in Anopheles gambiae human biting
rate, An. gambiae carrying Plasmodium falciparum in salivary glands,
blood feeding, and entomological inoculation rate (EIR) occurred in all IRS
districts. This encouraging 80-90% reduction in EIR should be observed
with caution because: (i) it may be insufficient to decrease epidemiological
indicators given the residual EIR in IRS districts was still higher than

in some regions of stable malaria; (ii) it is based on comparisons with
control districts, but it is difficult to select control areas with the same
environmental characteristics as intervention areas; and (iii) half of all
mosquitoes that entered IRS-treated houses still succeeded in taking
human blood meals. Further, human behaviors limit IRS efficacy. Recent
data show that >90% of Benin citizens are not fully protected by IRS
from 7-10 PM because they remain outside and that most people are

not fully protected from mosquito bites after 10 PM because they either
sleep outside without IRS protection or inside without an ITN. People also
have large amounts of items hanging on walls where mosquitoes rest,
avoiding IRS-treated walls. Finally, three other issues are important to
consider: (i) Vector resistance management strategies are sometimes poorly
understood. Management aims to prevent the emergence of resistance;
this is different from replacing an insecticide by another after resistance
emerges. (ii) Before IRS begins, communities should be informed that IRS
will not be a permanent measure. Clear communication and expectations
are important. (iii) African countries should prepare to finance IRS and
other vector control interventions themselves.
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COST-EFFECTIVENESS OF COLLABORATING WITH
THE TOGOLESE ARMED FORCES FOR LONG-LASTING
INSECTICIDE-TREATED MOSQUITO NET (LLIN) MASS
DISTRIBUTION CAMPAIGN

Tchaa A. Bakai', Tchassama Tchadjobo’, Josée Gnamien-Koudou',
Jean-Emmauel Julo-Réminiac?, Stéphane d’'Almeida3?, Komi
Kusiaku®, Komla D. Kadzahlo', Agnidouféyi Aawi', Aféignitou
Boukpessi', Batoma Tombegou-Pana’, Esso-Kilina Tako!, Kossi
Yakpa', Ahoefan Djossou’, Kansame Labarboré!, Ley-Bawé
Tchamoussa', Bana Botcholi', Batawa Akakpo', Kokoe D.
d'Almeida’, Afolabi Eliassou’, Tinah Atcha-Oubou’

'National Malaria Control Program, Lome, Togo, ?HRH?°3°-Capacity Building
for Malaria, Chemonics International, Arlington, VA, United States, *Global
Fund Project Management Unit (PMU), Lome, Togo

Malaria is the primary cause of premature death in Togo (Global Burden of
Disease 2017). Aiming to maintain progress in universal coverage, Togo's
National Malaria Control Program (NMCP) initiated their 2017 national
long-lasting insecticide-treated mosquito net (LLIN) mass distribution
campaign. The NMCP sought to distribute 4,770,250 LLINs acquired by
the National Coordination Committee (NCC) with contributions from the
Global Fund to Fight AIDS, Tuberculosis and Malaria (GFATM) (64 %), the
Against Malaria Foundation (26%), and the national government (10%).
Due to prolonged procurement processes, unavailable or inadequate
central warehouse space and distribution vehicles, and socio-political
instability and insecurity, the NMCP estimated that 85% of LLINs would
need to be distributed directly to the districts. By engaging high-level State
authorities including the President, the NMCP facilitated a collaboration
with the Togolese Armed Forces (FAT). The NCC and Ministry of Defense
and Veterans Affairs signed of a memorandum of understanding with the
Prime Minister (Principal Recipient of GFATM), the World Food Program
(WFP) and the FAT. This allowed for the requisition of WFP-managed,
State-owned warehouses for interim LLIN storage at the central level.
Using army trucks staffed with one military driver and three additional
soldiers, the FAT successfully transported 3,668,200 LLINs from the

central warehouses to 37 district-level warehouses. The collaboration with
the FAT for the LLIN distribution campaign achieved substantial savings

of 186,166,637 FCFA in storage and transportation costs (more than
$300,000 USD). The Alliance for Malaria Prevention lauded the Togo
NMCP for this initiative with a special innovation award at its 2019 annual
meeting in Geneva. Resource-constrained disease programs could benefit
from considering Togo's approach to collaborate with non-health actors to
strengthen the State’s involvement in the fight against malaria.

DISSECTING THE MECHANISMS OF MALARIA INDUCED
ANEMIA IN RODENT MALARIA MODELS

Keyla C. Tumas’, Jian Wu', Sittiporn Pattaradilokrat, Lu Xia', Yu-
Chih Peng’, Timothy G. Myers?, Xin-zhuan Su'

'National Institutes of Health, Rockville, MD, United States, 2National
Institutes of Health, Bethesda, MD, United States

Plasmodium parasites cause human malaria infections with symptoms
ranging from no complications to deadly complications including severe
anemia. Malaria induced severe anemia is likely multifactorial, arising from
clearance of infected and uninfected red blood cells and an inhibition

in erythropoiesis, the production of new red blood cells. However, the
exact molecular mechanisms of malaria induced anemia are still largely
unknown. Using Plasmodium yoelii N67C and 17XNL strains in C57BL/6
mice as models, we are dissecting the molecular mechanisms of malaria
induced anemia and stimulation of hematopoiesis. From microarray
analysis, mice infected with N67C strain have decreased expression of
erythropoietic associated genes at day 4 post infection. In contrast, those
infected with 17XNL strain have an initial inhibition of erythropoietic
associated genes but later in the infection had an increase in expression.
Using flow cytometry analysis of cells from bone marrow and spleen,

7

where production of new red blood cells occurs during malaria infections,
we found differences in progenitor cell populations of erythropoiesis.

In particular, the N67C strain had decreased cell frequencies for
proerythroblast and other early cell stages of erythropoiesis on day 4 post
infection. In contrast, mice infected with 17XNL strain had increased cells
of erythropoiesis in the spleen and bone marrow, including reticulocytes,
10 days post infection. The uninfected red blood cells from 17XNL
infected mice were removed at a faster rate than those of N67C by
phagocytic cells, which may explain production of more reticulocytes in
the 17XNL infected mice. Future studies will aim to elucidate the molecular
mechanisms contributing to the changes in erythropoiesis and red blood
cell clearance, ultimately to advance our understanding of malaria induced
anemia.

EXPERIMENTAL MALARIA IN PREGNANCY IS ASSOCIATED
WITH NEUROPSYCHIATRIC DISORDERS IN OFFSPRING IN A
DISEASE SEVERITY-DEPENDENT MANNER

Andrea Weckman', Vanessa Tran?, Chloe R. McDonald?, Kevin C.
Kain3

'University of Toronto, Toronto, ON, Canada, Sandra Rotman Centre

for Global Health, University Health Network-Toronto General Hospital,
Toronto, ON, Canada, 3Sandra Rotman Centre for Global Health,
University Health Network-Toronto General Hospital, Tropical Disease Unit,
Department of Medicine, University of Toronto, Toronto, ON, Canada

Each year ~125 million pregnant women are at risk for malaria infection.
Malaria in pregnancy (MiP) has a profound impact on mother-child health,
including delivery of low birth weight (LBW) infants. Even in the absence
of LBW, epidemiological studies show a link between maternal infection
and increased susceptibility of offspring to neuropsychiatric disorders later
in life. There is preclinical evidence for a correlation between severity of
maternal immune activation and severity of psychiatric outcome. The
two-hit hypothesis of neuropsychiatry posits that a first “hit” (i.e. maternal
infection) primes offspring for increased susceptibility to psychiatric
disease in response to a second “hit” (i.e. stress) later in life. The impact of
malaria exposure in utero on long-term vulnerability to psychiatric disease
has not been reported. We hypothesize that exposure to MiP will prime
offspring to an increased risk of psychiatric disorders in a disease severity-
dependent manner. We used the established experimental mouse model
of MiP (EMIP) with Plasmodium berghei ANKA (PbA). Uninfected adult
offspring of dams infected with PbA underwent a battery of standardized
behavioural tests. Exposure to EMIP in utero induced anxiety-like behaviour
and hypersensitivity to amphetamine, and deficits in prepulse inhibition
compared to unexposed offspring (p<0.05). In dams with less severe EMIP,
which was characterized by lower parasitemia and lower maternal IL-6
(p=0.01), only offspring exposed to both EMIP plus a second hit of stress in
puberty exhibited increased anxiety-like behaviour and hypersensitivity to
amphetamine compared to EMIP alone (p<0.05). While exposure to more
severe EMIP induced psychiatric disease in offspring alone, less severe
EMIP acted synergistically with stress in puberty to induce a deficit. Our
data implicate MiP as a modifiable risk factor for psychiatric disorders in
offspring, even in instances of less severe disease. This concept represents
a paradigm shift in our understanding of mental illness in malaria-endemic
settings and may shift global health priorities from costly rehabilitation to
prevention.
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COMPARATIVE TRANSCRIPTOMICS IDENTIFIES PHENOTYPIC
SIMILARITIES BETWEEN MOUSE MODELS AND HUMAN
SEVERE MALARIA

Athina Georgiadou’, Pablo Soro Barrio', Claire Dunican', Hyun
Jae Lee?, Michael Levin', Myrsini Kaforou', Aubrey Cunnington'

'Imperial College London, Section of Paediatrics, London, United Kingdom,
?Institute for Molecular Bioscience, University of Queensland, Brisbane,
Australia

Mouse models are widely used in severe malaria research. However, the
relevance of these models to human severe malaria (SM) pathophysiology
is frequently disputed. New approaches are needed to objectively quantify
and improve the translational relevance of mouse models. Comparative
transcriptomics provides an unbiased assessment of similarities of
biological processes between species.We performed RNA-sequencing

on whole blood of C57BL/6 mice infected with each of 5 commonly-
used rodent malaria parasites (Plasmodium berghei ANKA, P berghei
NK65, P yoelii 17XL, P yoelii 17XNL, and P chabaudi AS). We identified
differentially expressed genes (DEGs) in the whole blood transcriptomes
between uninfected or early stage infections vs. late stage infections.

In corresponding analyses in multiple datasets from African children we
identified DEGs between healthy controls or uncomplicated malaria (UM)
vs. different SM phenotypes including hyperlactatemia and / or cerebral
malaria (CM). Unsupervised clustering analyses on orthologous DEGs

in humans and mice revealed that P yoelii 17XL was the most similar

to human hyperlactatemia at a transcriptomic level, whilst P berghei
ANKA (experimental CM) infection was the most similar to human CM.
However in both cases similarities between human and mouse were not
absolute, with both concordant and discordant DEGs noted. No mouse
model of hyperlactatemia has previously been reported, therefore we
investigated blood lactate concentrations in each model and found that
P yoelii 17XL infection caused extreme hyperlactatemia (18-21Tmmol/L)
with similar concentrations to the maximum values observed in

human SM, whilst other models induced only modest or no increase

in blood lactate. These findings demonstrate the potential of unbiased
comparative transcriptomics to identify the most relevant mouse models
for translational research. Concordant and discordant differential gene
expression may be used to efficiently identify mechanisms and therapeutic
targets for translational investigations in mouse models, and to exclude
those which are unlikely to have translational relevance.

EXPRESSION PROFILING PATIENT SAMPLES IDENTIFIES
GAMETOCYTE-COMMITTED RING BIOMARKERS

Surendra K. Prajapati’, Ruth Ayanful-Torgby?, Michelle C.
Barbeau', Festus K. Acquah?, Elizabeth Cudjoe?, Courage
Kakaney?, Jones A. Amponsah?, Evans Obboh?, Benjamin K.
Abuaku?, Linda E. Amoah?, Kim C. Williamson'

'Uniformed Services University of the Health Sciences, Bethesda, MD,
United States, 2Noguchi Memorial Institute for Medical Research, University
of Ghana, Accra, Ghana, *University of Cape Coast, Cape Coast, Ghana

The sequestration of immature stage Plasmodium falciparum gametocytes
(stages I-IV) has made it challenging to track gametocyte development

in peripheral blood samples and complicated the analysis of factors

that contribute to in vivo gametocytogenesis. This challenge could be
overcome by developing a gametocyte committed (gc)-ring biomarker. To
identify potential markers, we used our ex vivo gametocyte culture assay
to evaluate gc-rings in Ghanaian malaria patients (n=367) from 2015-
2018 and observed a wide range of gametocyte conversion rates (GCR:
sexual- to asexual-ring ratio) from 0 to 78%. Microarray analysis of the
day 0 (DO) ring stage parasite transcriptome from high GCR (~3-66%;
n=9) and low GCR (0%, n=8) samples revealed increased transcripts
from only 8 genes (FDR=<0.045) in the high GCR samples. These 8
genes included a transcription factor (ap2-g), three enzymes (hda7,

Ishd and arom), and four proteins predicted to be exported to the RBC

(3 surfins and one uncharacterized exported protein). In vitro, the ratio
of the relative abundance of transcripts in ring stages and gametocytes
was high (>11) only for ap2-g and two surfins, suggesting potential as
specific biomarkers. Further in vitro testing using gametocyte-deficient
and -producer strains demonstrated a correlation between the DO RNA
levels and D8 gametocyte production as well as D8 pfs25 or pfs230
RNA levels (R?>=0.56-0.77). The expression levels of all 3 genes are tightly
correlated (R?=0.99) and both surfins were found to be AP2-G-dependent
using an AP2-G inducible line. Importantly, in DO RNA harvested from
224 malaria patient blood samples, the relative abundance of transcripts
for all three genes correlated with the patient’s D8 GCR (R?=0.41-0.68)
as well as pfs230 transcript levels in D8 ex vivo culture (R?=0.63-0.711).
Further, transcripts for these genes were detectable in asymptomatic
carriers. Together this work suggests these three genes are reliable early
gametocyte biomarkers to study in vivo gametocyte production and,
potentially, to use as a tool to predict malaria transmission 10-12 days
before the circulation of mature gametocytes in the peripheral blood.

HEPATOCYTE BINDING PEPTIDE HP1 TARGETS PLASMODIUM
SPOROZOITE-HEPATOCYTE INTERACTION

Sung-Jae Cha, Marcelo Jacobs-Lorena
Johns Hopkins University, Baltimore, MD, United States

Previously, using a phage peptide display library, our group has identified
Plasmodium parasite ligands and corresponding host cell receptors
important for ookinete-mosquito midgut interaction, sporozoite-mosquito
salivary gland interaction and sporozoite-Kupffer cell interaction in the
mammalian liver. Here we report on a phage display library screen for
peptides that bind to hepatocytes, the sporozoite target for infection of
the liver. We hypothesize that such peptides may be mimotopes (structural
mimics) of Plasmodium sporozoite ligands for hepatocyte interaction.

A prime candidate peptide from this screen - HP1 - binds to a ~25 kDa
hepatocyte membrane protein (a candidate receptor) and an anti-HP1
antibody recognizes a ~45 kDa sporozoite surface protein (a candidate
ligand). Immunization with HP1 protected 50 % mice from P berghei
challenge. Significantly, anti-HP1 antibody inhibited P falciparum-human
hepatoma cell (HepG2) interaction by 87 % compared to control antisera.
This sporozoite ligand is a potential vaccine antigen targeting malaria liver
invasion.

RISK OF READMISSION IN UGANDAN CHILDREN WITH
SEVERE MALARIAL ANEMIA

Samina Bhumbra', Gregory S. Park?, Robert O. Opoka?,
Dibyadyuti Datta’, Chandy C. John'

'Ryan White Center for Pediatric Infectious Disease and Global Health,
Department of Pediatrics, Indiana University School of Medicine,
Indianapolis, IN, United States, 2Office of the Vice President for Research,
University of Minnesota, Minneapolis, MN, United States, *Department of
Paediatrics and Child Health, Makerere University, Kampala, Uganda

Post discharge morbidity from severe malarial anemia (SMA) remains
significant for survivors. As many as 16% of children diagnosed with

SMA who survive are readmitted or die by 6 months. Identification of
biomarkers predictive of recurrent severe malaria in children with SMA
could help to define pathophysiologic factors that put children at risk for
recurrent severe malaria. We assessed plasma concentrations of 25 pro-
and anti-inflammatory cytokines and chemokines, markers of endothelial
activation, and hematopoietic/vascular growth factors by cytometric bead
assay in a cohort of Ugandan children aged 18 months to 12 years with
severe malarial anemia (n=119). We then compared plasma concentrations
of these factors in children with recurrent severe malaria (RSM, n=12) vs.
no recurrent severe malaria (n=107) in the 6 months following the SMA
episode. Children with RSM had lower baseline levels of PDGF bb (median
[IQR], 429.15 pg/mL [269.93-649.47]), VEGF (33.43 pg/mL [19.12-49.93]),
and EPO (2717.57 mU/mL [968.68-3410.17]) compared to children who
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did not have RSM (PDGF bb 1193.30 pg/mL [508.68-2114.47], VEGF 67.5
pg/mL [34.2-102.94], EPO 4974.0 mU/mL [2979.7-10353.1]; all P<0.05).
Children with RSM also had an increased Ang-2:Ang-1 ratio, an indicator
of endothelial dysfunction associated with higher mortality in severe
malaria (0.60 [0.47-1.13]), than children without RSM (0.31 [0.13-1.05],
P=0.0477). Suppression of factors associated with angiogenesis (PDGF-bb,
VEGF) and erythropoietic drive (EPO), and an increase in the Ang-2/Ang-1
ratio, leading to endothelial dysfunction, may put children with SMA at
higher risk for recurrence of severe malaria.

MALIAN CHILDREN WITH SEVERE MALARIA SUBTYPES HAVE
DISTINCT ANTIBODY GAPS TO VIRULENT PFEMP1S

Mark A. Travassos', Paul Han', Drissa Coulibaly?, Albert E.
Zhou', Antoine Dara’, Biraj Shrestha’, Rie Nakajima3, Aarti Jain3,
Omid Taghavian?, Algis Jasinskas?, Matthew B. Laurens’, Amadou
Niangaly?, Amed Ouattara’, Andrea A. Berry', Matthew Adams!,
Shannon Takala-Harrison', Bourema Kouriba?, Abdoulaye K.
Kone?, J. Alexandra Rowe?, Ogobara K. Doumbo?, Kirsten E. Lyke!,
Philip L. Felgner3, Christopher V. Plowe®, Mahamadou A. Thera?

'University of Maryland School of Medicine, Baltimore, MD, United States,
2University of Sciences, Techniques and Technologies, Bamako, Bamako,
Mali, 3University of California Irvine, Irvine, CA, United States, “University
of Edinburgh, Edinburgh, United Kingdom, *Duke University, Durham, NC,
United States

Plasmodium falciparum erythrocyte membrane protein-1 (PfEMP1)
antigens play an important role in parasite sequestration and host immune
system evasion. Acquired antimalarial immunity is at least partially due to
antibodies directed against highly variable antigens like PfEMP1 that are
present on the erythrocyte surface. PFEMP1 antigenic domains that drive
immune-mediated protection in severe malaria have not been identified.
We hypothesized that Malian children with severe malaria subtypes have
lower seroreactivity to subsets of non-CD36-binding PfEMP1s containing
domain cassettes (DCs) associated with severe malaria pathogenesis
compared to matched uncomplicated malaria controls. We developed

a custom protein microarray including 158 PfEMP1 fragments from the
3D7 reference genome and 78 fragments from PfEMP1s associated with
severe malaria, including DCs 1, 5, 8, 13, and 15 from the IT4, HB3, and
DD2 reference strains and DC8- and DC13-containing Malian PfEMP1s
sequenced from field isolates. We measured serological responses for 34
cerebral malaria cases, 18 severe malarial anemia cases, and 9 cases of
both cerebral malaria and severe malarial anemia, as well as age-matched
controls who had uncomplicated malaria. Compared to controls, children
with cerebral malaria had lower seroreactivity to PFEMP1s featuring DC1,
DC5, DC8, DC13, and CIDRa1.7, but not to any 3D7 PfEMP1s known

to bind CD36. In contrast, children with severe malarial anemia had
lower seroreactivity to PfEMP1s featuring DC1, DC4, DC5, DC6, DC8,
DC13, and CIDRa1.7, as well as several 3D7 CD36-binding PfEMP1s.
Interestingly, children with both cerebral malaria and severe malarial
anemia did not differ in PfEMP1 seroreactivity with controls, although low
numbers preclude definitive conclusions. Acute and convalescent serologic
comparisons for severe malaria are ongoing. These results suggest that
immune-mediated protection against cerebral malaria may overlap with
immune-mediated protection against severe malarial anemia, but the two
are not identical, a finding that should be accounted for in severe malaria
vaccine and treatment development.

POLYMORPHONUCLEAR, BUT NOT MONOCYTIC,
MYELOID-DERIVED SUPPRESSOR CELLS CONTRIBUTE TO
IMMUNOMODULATION IN CHRONIC LOIASIS

Rafiou Adamou’, Gerrit Marwin Burger’, Ruth Kreuzmair', Carlos
Calle Lamsfus?, Luzia Veletzky?, Wolfram Metzger?, Benjamin
Mordmdller?, Michael Ramharter?, Ghyslain Mombo-Ngoma',
Ayola Akim Adegnika', Rella Manego Zoleko', Matthew B. McCall'

'Centre de Recherches Médicales de Lambaréné (CERMEL), Lambaréné,
Gabon, %Institut fur Tropenmedizin, Tibingen, Germany, *Bernhard Nocht
Institut fdr Tropenmedizin, Hamburg, Germany

Loa loa, known also as eye worm, is a filarial disease in which adult
nematodes can migrate through subcutaneous tissues for many years,
producing microfilaria that circulate in blood at concentrations of up to
100,000/mL, yet generally without triggering profound inflammation.
The regulatory mechanisms involved in this paragon of immunological
tolerance have nevertheless received almost no attention. Monocyte-like
(M-) and polymorphonuclear (PMN-) myeloid-derived suppressor cells
(MDSCs) are capable of displaying immunosuppressive features and

play important roles in regulating the immune response against cancer
and some infectious diseases. Here we compared the magnitude and
immunosuppressive phenotype of M-MDSC and PMN-MDSC populations
by flow cytometry in the peripheral blood of L. loa microfilaremic (MF+)
and non-microfilaremic (MF-) subjects in an ongoing cross-sectional study
in Moyen-Ogooué province in Gabon. The functional immunosuppressive
activity of PMN-MDSC was assessed using in vitro T cell proliferation
assays. We also assessed the dynamics of MDSCs in MF+ subjects
undergoing treatment with albendazole. Our primary results show that
(i) PMN-MDSC but not M-MDSC numbers are higher in MF+ than in MF-
subjects; (ii) PD-L1 expression on PMN-MDSC, but not M-MDSC, is higher
in MF+ than in MF- subjects; (i) PMN-MDSC from these subjects show
patent suppressive effects on T cell proliferation in vitro; (iv) PMN-MDSC
but not M-MDSC numbers show a transient increase during albendazole
treatment, followed thereafter by a decrease to below baseline. PMN-
MDSC thus appear to be key players in the critical balance between
anti-parasitic effector responses and immunopathology in chronic loiasis.
The molecular pathways by which they are induced by this parasite and
their relative cost/benefit to the host, including e.g. bystander effects

on immune responses against other prevalent pathogens, remains to be
determined.

MICROFILARIAE TRIGGER MURINE AND HUMAN EOSINOPHIL
EXTRACELLULAR TRAPS IN A DECTIN-1-DEPENDENT
MANNER

Alexandra Ehrens’, Benjamin Lenz', Anna Lena Neumann',
Samuela Giarrizzo', Stefan J. Frohberger?, Wiebke Stamminger?,
Benedikt C. Birfent’, Frederic Fercog?, Coralie Martin?, Daniel
Kulke3?, Achim Hoerauf', Marc P. Hibner’
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During primary filarial infection, eosinophils mediate protection against
adult worms and microfilariae, but not against infective third-stage
larvae. A recently described defense mechanism by eosinophils is the
production of extracellular DNA traps (EETosis), a form of cell death
where intracellular DNA is explosively released, entrapping pathogens
and supporting their killing. The results of the present study demonstrate
that microfilariae, but not third-stage larvae of the filarial nematode
Litomosoides sigmodontis, trigger DNA release by eosinophils as analyzed
by scanning electron microscopy, confocal microscopy and quantitative
fluorescence DNA assay. In vitro, these eosinophil DNA traps, consisting
of nuclear and mitochondrial DNA, inhibit microfilariae motility in a DNA-
and direct cell contact-dependent manner. Eosinophils isolated from the
gut of naive and gut and pleura of filariae-infected-mice demonstrate

an enhanced microfilariae motility reduction compared to bone-marrow-
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derived eosinophils, whereas gut- and pleura-derived eosinophils primed
during L. sigmodontis infection and gut-derived eosinophils from naive
animals showed comparable DNA-trap-dependent microfilarial motility
reduction. In vitro assays further reveal that microfilariae-induced EETosis
is independent of the presence of antibodies. Dectin-1 recognition was
identified as the underlying signaling pathway involved in triggering the
microfilariae-induced EETosis. DNA-dependent inhibition of microfilariae
motility and microfilariae-induced DNA release by eosinophils appears to
be a conserved mechanism since murine as well as human eosinophils
respond to microfilariae derived from the rodent filarial nematode L.
sigmodontis and the canine heartworm Dirofilaria immitis. In vivo studies
reveal an increase in local DNA concentration upon L. sigmodontis
infection in mice. Intravenous microfilariae injection raised systemic DNA
concentrations, which is partly mediated by eosinophils, indicating a
potential role of EETosis as an in vivo effector mechanism as well.

A PARASITE-ENCODED HUMAN IL-10 RECEPTOR
ANTAGONIST REVEALS A NOVEL STRATEGY USED TO
MODULATE THE HOST RESPONSE IN FILARIAL INFECTIONS

Alessandra Ricciardi, Thomas B. Nutman

Laboratory of Parasitic Diseases, National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Bethesda, MD, United States

IL-10 has been shown to be the primary immunoregulatory cytokine
driving the modulation of the host response in filarial infections. To
determine whether parasite-derived molecules could modulate the

host IL-10/IL-10R pathway, we performed solid-phase immobilization of
human IL-10Ra followed by binding assays with Brugia malayi (Bm) adult
antigen extracts. Bm proteins that bound to human IL-10Ra were eluted
and analyzed by liquid chromatography-tandem mass spectrometry. Our
analysis identified 5 Bm molecules that bound human IL-10Ra. The top
hit, Bm5539, a 114kDa GTPase activator, contains PH, Rho-GAP, and
SH3 domains as well as coiled coil motifs. Using a structural alignment
program, we identified a 164 amino acid sequence from Bm5539 that
shared high structural homology with the human IL-10 functional dimer.
This truncated sequence was also structurally similar to EBV- and CMV-
encoded viral IL-10. Furthermore, predicted functions using COFACTOR
and COACH included cytokine receptor binding as well as growth factor
receptor binding. Sequence comparisons revealed that other filarial
parasites (Wuchereria, Loa, Onchocerca) possess Bm5539 orthologues
with 80-90% homology. Moreover, the truncated IL-10-like sequence

is conserved among these other filarial species. Using a baculovirus-
expressed truncated form of Bm5539, we examined its ability to signal
through the human IL-10R, using phosphorylation of STAT3 (pSTAT3) in
human monocytes by flow cytometry as the readout. Despite its ability to
bind to human IL-10R, Bm5539 did not induce pSTAT3. In contrast, when
we incubated monocytes in the presence of both rBm5539 and human IL-
10, we observed an 88% decrease in pSTAT3. Furthermore, this effect was
Bm5539 dose-dependent. Thus, in vitro, recombinant truncated Bm5539
abrogated IL-10 signaling through its receptor, which demonstrates that
Bm5539 acts as an IL-10R antagonist most likely through competitive
binding to the human receptor. This class of parasite-encoded cytokine
receptor agonists and antagonists provides an additional lens through
which parasite-induced modulation of the host immune response can be
examined.

INTERLEUKIN-4 SIGNALING PLAYS A MAJOR ROLE IN
UROGENITAL SCHISTOSOMIASIS-ASSOCIATED BLADDER
CARCINOGENESIS

Evaristus C. Mbanefo’, Chi-Ling Fu?, Christina P. Ho3, Loc Le!,
Keniji Ishida', Michael H. Hsieh'

'Biomedical Research Institute, Rockville, MD, United States,
2Pharmacyclics, Sunnyvale, CA, United States, *Children’s National Medical
Center, Washington, DC, United States

Urogenital schistosomiasis (UGS) is a class 1 carcinogen, but the exact
mechanism of schistosomiasis-induced bladder carcinogenesis is largely
unknown. Although the mechanistic role of IL-4 signaling and the IL-4
inducing principle from schistosomes eggs (IPSE) in driving the type-2
granulomatous chronic inflammatory and fibrotic pathogenesis due to
urogenital schistosomiasis is well recognized, we are yet to demonstrate
the important causative role or otherwise of IL-4R signaling in driving
bladder carcinogenesis. Using our previously described intramural bladder
wall injection-based mouse model of urogenital schistosomiasis, we
examined the mechanistic role of IL-4 signaling in the induction of bladder
pathogenesis and carcinogenesis during urogenital schistosomiasis.
Readouts include histopathological comparison, assessment of urothelial
proliferation and urothelial chromosomal structural abnormalities between
intramural bladder wall egg-injected IL-4 receptor alpha knockout (IL-
4RaKO) mice versus wildtype BALB/c. To further assess the role of IL-4 in
these oncogenic urothelial changes, we assessed the role of exogenous
IL-4 on urothelial cell (HCV-29) proliferation, including assessment of
phosphorylation pattern of downstream regulators in the IL-4 signaling
pathway. Our results show that IL-4 receptor signaling is required for the
recapitulation of the pathogenic features of urogenital schistosomiasis.
There was significant decrease in the size and intensity of granulomatous
response to the bladder-wall injected parasite eggs in the IL-4RaKO
group (p= 0.0347). Next, we showed parasite egg-induced urothelial
proliferation, including evidence of urothelial hyperdiploidy in wildtype
mice following bladder wall egg injection. Again, these urothelial changes
were found to be dependent of IL-4 receptor signaling. We further
observed features consistent with oncogenesis following urothelial
exposure to IL-4 and showed that IL-4 induces urothelial cell proliferation
changes and potentially bladder carcinogenesis mainly via PI3K/AKT
signaling cascade.

TARGETING THE HEDGEHOG PATHWAY IS A NOVEL
THERAPEUTIC STRATEGY TO TREAT SCHISTOSOMIASIS
FIBROSIS AND PORTAL HYPERTENSION

Thiago de Almeida Pereira’, Paula Vidigal?, Izabela Voieta?,
Vivian Resende?, Rafal Witek?, Anil Jegga®, Joseph Arron®, Satish
Madala“, José Roberto Lambertucciz, Anna Mae Diehlé, Thomas
Wynn?, Philip Beachy"

Stanford University, Stanford, CA, United States, *Federal University of
Minas Gerais, Belo Horizonte, Brazil, *Thermo Fisher Scientific, Frederick,
MD, United States, “Cincinatti Children’s Hospital Medical Center,
Cincinatti, OH, United States, *Genentech Inc., South San Francisco, CA,
United States, ®Duke University, Durham, NC, United States, "National
Institute of Allergy and Infectious Diseases/National Institutes of Health,
Bethesda, MD, United States

IL13 and Hedgehog (Hh) signaling pathways have both been implicated
in the pathogenesis of fibrosis. Our aims were to determine if there is
cross-talk between IL13 and Hh pathways and if Hh pathway inhibitors
could be used as anti-fibrotic therapy in schistosomiasis mansoni. Hh/IL13
signaling were investigated by gRT-PCR, immunohistochemistry and ELISA
in uninfected healthy transplant donors (n=22), infected hepatointestinal
schistosomiasis patients (liver granulomas, low fibrosis, n=17), infected
hepatosplenic patients (advanced fibrosis and portal hypertension

n=72); in Schistosoma mansoni infected mice (wild-type, IL13Ra1-/- and
TKO (IL-10-/- IL12p40-/-IL13Ra2-/-) treated with anti-IL13 antibody, Hh
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pathway inhibitors (Vismodegib or AsO3 or HPI1-4) or vehicle; in mice
overexpressing IL13 (plasmid) and in human liver cells stimulated with
recombinant IL13 (rlL13) and treated with STAT6 siRNA or Vismodegib. Hh
signaling is upregulated in human schistosomiasis and correlates with IL13,
fibrosis stage and severity of portal hypertension. Overexpression of IL13
(plasmid, infected TKO mice, rlL13) induced Hh ligand production/pathway
activation; lack of IL13 signaling (IL13Ra.1-/- infected mice, anti-IL13
antibody, STAT6 siRNA) implicated in reduced Hh pathway, indicating that
Hh signaling is dependent on IL13. STAT6 Chromatin Immunoprecipitation
assay further demonstrated that STAT6 directly bind to the promoter
region and regulate the transcription of Hh ligands (Ihh, Dhh) and
transcription factors (Gli1, Gli2, Gli3). Smoothened antagonist Vismodegib
effectively blocked fibrosis during acute schistosomiasis but failed to
inhibit Hh signaling/fibrogenesis when treatment was initiated in chronic
phase due to Smoothened-independent IL13-mediated Gli2 activation.
Gli2 inhibition with AsO3 or HPI1-4 in the chronic phase impaired Hh
signaling, fibrogenesis and inflammation. Activation of the Hh pathway in
schistosomiasis is highly dependent on IL13-mediated signaling. Targeting
Hh pathway with Gli2 antagonists may be a novel therapeutic strategy to
treat schistosomiasis fibrosis and portal hypertension.

FROM SATELLITES TO SNAILS IN NORTHERN SENEGAL:
HONING IN AN HIGHLY PRODUCTIVE SNAIL HABITATS USING
REMOTE SENSING TECHNOLOGIES FOR TARGETED AND
INTEGRATED VECTOR CONTROL OF SCHISTOSOMIASIS

Caitlin M. Wolfe', Christopher J. Haggerty', Andy Chamberlin?,
Isabel J. Jones?, Raphael Ndione?, Sidy Bakhoum?, Nicolas
Jouanard?, Gilles Riveau3, Chelsea Wood*, Sanna Sokolow?, Giulio
De Leo?, Jason R. Rohr!

'University of South Florida, Tampa, FL, United States, 2Stanford University,
Palo Alto, CA, United States, *Espoir Pour la Sante, Saint-Louis, Senegal,
4University of Washington, Seattle, WA, United States

Schistosomiasis often evades common control efforts, in part due to

poor understanding of the spatial distribution of inherent transmission
risk. While praziquantel effectively clears infection, it does not provide
prophylactic protection and humans are re-infected when they return to
the same waterbodies. According to WHO, administration of praziquantel
covers less than 10% of the at-risk population in Senegal, where the
logistics of mass drug administration preclude effective implementation.
To address this, we present preliminary data revealing an innovative
approach using remote sensing technology and artificial intelligence

to schistosomiasis vector hotspots to facilitate geographically-targeted
schistosomiasis control. Previous work across 16 villages in northern
Senegal, conducted seasonally from summer 2016 to present, found that
the removal of submerged vegetation at water access sites resulted in a
103- and 16-fold reduction in Bulinus and Biomphalaria snails, respectively,
relative to controls. This suggests that mapping locations of Ceratophyllum
demersum via remote sensing can identify hotspots of transmission risk.
Through a grant from the Digital Globe Foundation (WorldView-2 imagery)
combined with fine scale drone imagery of open water, C. demersum,
other submerged vegetation, and emergent vegetation at the study sites,
we developed the ability to discriminate submerged vegetation from

open water and emergent vegetation, allowing for aerial identification of
schistosomiasis habitats using image classification and training tools within
ArcMap 10.6. These abilities were enhanced when spectral signatures
(mean RGB values and NDVI scores) for sampled sites with C. demersum
and many vector snails and those with C. demersum but few (less than 10)
to no vector snails were compared, with preliminary analyses indicating
significant differences between the mean RGB values and NDVI scores.
Ongoing analyses are identifying specific signatures to interpolate over
new locations in order to identify additional productive snail habitats.

The resulting model is set for ground validation in the summer 2019 field
season.

THE ROLE OF IRRIGATED AGRICULTURE IN SCHISTOSOMIASIS
RISK IN A DAMMED LANDSCAPE IN WEST AFRICA

Andrea Lund’, David Rehkopf?, Susanne Sokolow?, Nicolas
Jouanard?®, M. Moustapha Sam3, Assane Fall?, Gilles Riveau?, Jason
Andrews', Giulio De Leo?, David Lopez-Carr*

'Stanford University, Stanford, CA, United States, ?Hopkins Marine Station,
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Since dam development in the late 1980s, the Senegal River remains
hyperendemic for schistosomiasis. The dams were conceived in response
to a decade-long drought and designed to improve food security in an
arid region vulnerable to climate change. The expansion of irrigated
agriculture, while economically beneficial, is offset by a high burden of
debilitating disease. This study investigates whether the choice to pursue
irrigated agriculture at the household level affects risk for schistosomiasis.
Presence and intensity of re-infection following treatment were discerned
from urine samples from 1414 school-aged children (SAC) in 16 study
villages in February 2017. Household surveys were conducted the
preceding August in the 655 households where the 1414 SAC lived.

Use and characteristics of agricultural land were self-reported for each
household, along with demographic and socio-economic indicators.
Logistic and Poisson regression were used to determine the relationship
between agricultural livelihoods and infection presence and intensity,
respectively, controlling for age, sex, geographic location, domestic water
contact, wealth and the presence of other high-risk occupations. Area of
irrigated land was marginally significantly associated with the presence
of urinary schistosome infection (odds ratio = 1.04, p = 0.057), after
controlling for covariates listed above. Area of irrigated land was positively
and significantly associated with the intensity of urinary schistosome
infections (rate ratio = 1.05, p &lt; 0.001). The risk of urinary schistosome
infection is elevated in children living in households actively pursuing
irrigated agriculture. In particular, infection intensity appears to increase
with increased agricultural activity, after controlling for a number of
covariates. These results suggest that the schistosomiasis risk may be as
much a result of the economic choices made at the household level as a
result of landscape-scale environmental change, supporting the notion
that people in this setting face a trade-off between health and livelihoods.

DEVELOPMENT AND APPLICATION OF A COMPLETE

TRI- AND TETRAMER REPEAT MICROSATELLITE CATALOG
TO BRAZILIAN AND KENYAN SCHISTOSOMA MANSONI
POPULATIONS

Jeffrey D. Kovach', Lucio M. Barbosa?, Luciano K. Silva?, Ana
Rafaela Kruemmel*, Mitermayer G. Reis?, Ronald E. Blanton'

'Case Western Reserve University, Cleveland, OH, United States, *Bahiana
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Analysis of population structure is necessary for understanding how
schistosomes respond to control measures. Microsatellites remain a central
tool for population genetics due to their high information content, low
cost, high throughput and good resolution for most questions of diversity
and differentiation. Issues that remain are which markers are best and
how many are needed. A majority of the published >290 microsatellites
are dinucleotide repeats, which are problematic for our approach of
genotyping pooled eggs from feces. A literature review identified 52

tri- and tetramer repeat microsatellites, but many were never validated.
Based on previous work and new assays using clones and lab strains,

this list was refined to 28 markers that produced easily read peaks,

were polymorphic for lab strains and were single locus. Markers were
localized to all autosomal chromosomes, nevertheless, not all of these
markers were successful for all field populations. Infrapopulations from
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two rural Brazilian communities (n=354) were identified that had >85%
amplification success using 25 markers. To determine the ideal marker
number, random sets of 5, 10, 15, and 20 markers were used to calculate
differentiation between infrapopulations (Di), component populations (Dc)
and between each infrapopulation and component population (Dic). As
marker number increased, variance markedly decreased between 10-15
markers for all measures. We developed a Dic Assignment Ratio Test that
successfully assigned infrapopulations to geographic locations only 6 km
apart (98% accuracy). Assignment score variance decreased with 15-20
markers. PCA of Dic values that included a Kenyan population could assign
origin 100% correctly, including between the 2 neighboring Brazilian
populations. This further validated the ability of the markers and the
approach to identify epidemiologically and biologically relevant features.

It was difficult to infer a marker’s potential usefulness prior to genotyping
based on characteristics of the lab strains or any distantly related
population. However, using between 10-20 randomly selected markers
give results near true values.

IMPACT OF BIANNUAL COMMUNITY-WIDE AND SCHOOL-
BASED TREATMENT ON UROGENITAL SCHISTOSOMIASIS IN
NIGER

Anna E. Phillips’, Neerav Dhanani?, Amadou Garba?, Amina A.
Hamidou*

'Imperial College, London, United Kingdom, 2Schistosomiasis Control
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Switzerland, “Riseal Niger, Niamey, Niger

This was a five-year cluster-randomized trial that compared the impact

of treatment strategies in areas with high and moderate Schistosoma
haematobium prevalence. Each village was randomly allocated to one

of six possible combinations of annual or biannual community-wide
treatment (CWT) or school-based treatment (SBT). Data was collected
annually among children aged 5-to-8 years in first-year of school, school-
aged children 9-to-12-years and 50 adults (aged 20-to-55). In total, data
was collected from 167,500 individuals across 225 villages in nine districts
within the Niger River valley. Overall, treatment resulted in a decrease in
prevalence of infection from baseline (15.7%) to Year 5 (8.85%) across
all arms. The proportion of heavily infected was low but reduced from
1.46% to 0.76% over five years. The only significant difference between
study arms was seen between annual and biannual SBT in areas with a
high starting prevalence. Interestingly, although adults were not targeted
for treatment in SBT, a statistically significant decrease in prevalence
among adults was seen in moderate prevalence areas receiving biannual
SBT (10.7% to 4.8%). Although treatment was successful in reducing the
burden of active infection, there was no statistically significant difference
between arms with once- and twice-yearly CWT or SBT in areas with

low S. haematobium endemicity, despite high treatment coverage. There
was, however, a significant impact on infection reduction from biannual
versus annual treatment in areas of moderate prevalence. These findings
are an important consideration for control programs that are considering
elimination, as scaling up the frequency of treatment is a commonly
proposed strategy in areas of low prevalence. These findings support the
idea that preventive chemotherapy alone will not eliminate schistosomiasis.
Interestingly, the finding that prevalence decreased among adults in SBT
arms suggests that transmission in the community can be reduced, even
where only school children are being treated, which could have logistical
and cost-saving implications for the national control programmes.

SCHISTOSOMIASIS AT DELIVERY IS ASSOCIATED WITH A
HIGHER RISK OF SMALL-FOR-GESTATIONAL AGE AT BIRTH
AND INFANT’S WEIGHT DURING THE FIRST YEAR OF LIFE IN
BENIN

Gino C. Agbota’, Frank T. Wieringa?, Maiza Compos-Ponce?,
Nadine Fievet*, Manfred Accrombessi', Emmanuel Yovo!,
Clémentine Roucher®, Achille Massougbodji', Michel Cot*, Valérie
Briand“, Katja Polman®
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Schistosomiasis represents one of the most prevalent and disabling
parasitic infection in sub-Saharan Africa (SSA). While schistosomiasis has
been related to anemia, stunting, neurocognitive disorders in infancy,
little is known about the effect of schistosomiasis during pregnancy on
birth and postnatal outcomes. In animal models, maternal schistosomiasis
has been associated with an increasing risk of anemia, preterm birth

and low birthweight. This study aims to assess the effect of maternal
schistosomiasis on the risk of small-for-gestational age (SGA) and child’s
weight growth from birth to year one. From 2014 to 2018, in Benin,
women were followed from the pre-conception period until delivery
(RECIPAL study). A sub-sample of their children was followed from birth
to year one (SEPSIS study) with weight measurements at birth and each
quarter. Gestational age was accurately determined by ultrasound at the
15t trimester. Maternal schistosomiasis was defined as a urinary detection
of S. haematobium eggs at delivery. In the child, SGA was defined
according to the INTERGROWTH-2 1%t standards and the postnatal growth
was assessed using weight variation from birth to year one. A logistic
and mixed linear regression models were used to assess the effect of
maternal schistosomiasis on child growth at birth and during the first year
of life, respectively. A total of 127 mother-child pairs were included. The
prevalence of schistosomiasis at delivery was 11.8%. At birth, 20.5%

of newborns were SGA. From birth to year one, the mean (standard
deviation) child’s weight increased from 3056 (397) to 8384 (1158) g.
After adjustment for potential maternal and infant confounding factors,
maternal schistosomiasis was significantly associated with a higher risk of
SGA (adjusted odds ratio=4.8, [1.4; 16.5], p=0.014). From birth to year
one, maternal schistosomiasis was significantly associated with a lower
child’s weight (adjusted B=-548 g [-973; -123], p=0.011). In conclusion,
these results highlight the importance of maternal schistosomiasis in SSA
and reinforce the need for the preventive strategies before and during
pregnancy.

A THEATRE-BASED APPROACH FOR ASSESSING AND
INFLUENCING HIGH-RISK WATER CONTACT BEHAVIORS OF
SCHISTOSOMIASIS-ENDEMIC COMMUNITIES IN ETHIOPIA
AND TANZANIA

May N. Sule’, Safari M. Kinung’hi?, Teshome Imana3, Emma
Bewley', Justina Mosha?, Teckla Angelo?, Kamran Rafig?, Alex
Dower, Feleke Zewge?, Michael R. Templeton'
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This study aimed to assess the effectiveness of a theatre-based behaviour
change technique to reduce high-risk water contact behaviour in
schistosomiasis-endemic communities. The study was carried out in three
communities: Kemise in Ethiopia; Kigongo and Mwakalima in Tanzania.
Initial baseline data on knowledge, perceptions, and behaviours of the
communities used mixed quantitative and qualitative research methods
including questionnaires, in-depth interviews and focus group discussions.
For each theatre workshop, the cohort included 18-20 community
representatives, occupationally exposed people (fishermen, paddy
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farmers and horse cart men), and regional government representatives
participating for 4 or 5 days. The Acting for Health methodology

involves drawing out the disease ‘complex’ i.e. everything associated

with schistosomiasis; this includes the life cycle, symptoms, treatment,
beliefs, water contact, use of alternative safe water supplies and improved
sanitation. Findings from the complexes progressed into solutions for the
prevention and control of schistosomiasis, which were then developed into
sketches and scenes with relevant messaging. Characters were created
from among the cohort, who developed the narrative. The play was
rehearsed and performed for the local community. Questionnaires were
conducted with the cohort before and after the workshops, to measure
changes in perceptions and understanding. The cohort made plans for
peer education and communal dissemination of the workshop messages.
There is ongoing cohort follow-up through monthly community visits

and social media platforms. Quantitative and qualitative surveys will be
repeated in the communities after three months (in June 2019) and results
will be compared against the initial baseline data to assess changes in
perception and behaviours towards water contact and alternative safe
water supply. The conclusions from this study will provide information

to identify effective and sustainable behaviour change communication
strategies to accompany water and sanitation interventions that will
reduce transmission of schistosomiasis.

ADAPTIVE STRATEGIES FOR SCHISTOSOMIASIS CONTROL
AND ELIMINATION IN HETEROGENEOUS ENVIRONMENTS: A
MODEL-BASED ANALYSIS OF PUBLIC HEALTH GUIDELINES

David Gurarie’, Charles H. King', Nathan C. Lo?, Qimin Huang’,
Emily Li?

'Case Western Reserve University, Cleveland, OH, United States, 2Stanford
University, Stanford, CA, United States

Schistosoma infection is endemic in many parts of the world, and WHO
has made its control and elimination a high priority. Recently, a large-
scale trial and multiple country control-surveillance programs have been
conducted, including SCORE (Schistosomiasis Consortium for Operational
Research and Evaluation, U. Georgia) and SCI (Schistosomiasis Control
Initiative, Imperial College, London). The 5-year SCORE trial explored
several control strategies with different target age groups and drug
regimens. However, these studies have yielded mixed results in seemingly
similar settings; whereas some communities achieved substantial gains,
others deemed “hotspots” were highly resilient to the effects of mass drug
treatment (MDA). We developed a simulation-based study with dynamic
transmission models to investigate how complex environmental and

life cycle aspects (e.g. host demographics, in-host biology, transmission
environment, and host-vector interactions) can drive the differential
response to MDA seen in SCORE and country programs, and compared
new adaptive decision making strategies (updating strategy based on
initial treatment response) to current WHO guidelines and targets. The
models were fit to datasets from SCORE villages and related studies.

Our model-based analysis revealed many key predictors of response to
MDA, including those of intermediate snail host biology and infection
dynamics. The new set of adaptive strategies achieved more rapid

control of schistosomiasis with fewer treatment rounds compared to
WHO guidelines. Finally, an adaptive strategy that included an integrated
approach (MDA + snail control with molluscicide) was found to be optimal
in control.This study found that across a broad range of host communities
and environmental settings that adaptive decision making with integrated
strategies (MDA + molluscicide) could achieve control of schistosomiasis

in shorter time periods compared to current WHO guidelines and targets.
Future policy decisions should consider adopting adaptive decision making
to address “hot spot” settings.

CEREBRAL SPINAL FLUID IN SUBARACHNOID
NEUROCYSTICERCOSIS IS CHARACTERIZED BY
PROINFLAMMATORY CYTOKINES AND CHEMOKINES THAT
FAIL TO FULLY NORMALIZE FOLLOWING CURE

Elise M. O’Connell, Sarah Harrison, Theodore E. Nash, Thomas B.
Nutman

National Institutes of Health, Bethesda, MD, United States

When treatment for racemose subarachnoid neurocysticercosis (SANCC)
commences or other factors cause breakdown of the parasite integrity,

an exuberant inflammatory response ensues that drives the majority of
pathology, including hydrocephalus, vasculitis, and cranial nerve damage.
The standard of care for SANCC includes global immune suppression

with high doses of corticosteroids and concomitant anthelmintics, both
often required over months to years after initial diagnosis. As an improved
understanding of both the mediators required for parasite control and
those primarily responsible for the host damage is necessary, we sought to
measure the major pro- and anti-inflammatory cytokines and chemokines
in SANCC. To this end, 16 patients with active SANCC and 16 patients
with cured SANCC had CSF and serum subjected to multianalyte profiling
on a Luminex™ platform. Likewise, 9 normal patients’ CSF was tested

in 3 pools of 3. When levels of proinflammatory cytokines/chemokines
from those with SANCC were compared to CSF from healthy individuals
the Th1- (IFNy, IL-12p40, IL12-p70) and Th2- (IL-10, IL-13) associated
cytokines, along with GM-CSF, IL-1ra, IFN-a2b, VEGF, and the chemokines
eotaxin-1, IL-8, IP-10, MIP-1a. and MIP-1B were significantly elevated.
Moreover, all but 4 of these same analytes (eotaxin-1, VEGF, MIP-1a and
MIP-1B) were found at significantly higher levels in the CSF than in the
serum from the same patients. In assessing paired CSF samples from
patients before and following cure, while all analyte levels fell significantly
following cure (average of 133 days post anthelmintics, range 0-452
days), IL-12p40 and IL-10 still remained statistically significantly elevated
compared with normal CSF. These data suggest that neuroinflammatory
processes underlie SANCC. Moreover, we have identified multiple
pathways that could be targeted by specific cytokine/chemokine inhibitors
reduce the pro-inflammatory milieu seen in the CNS of those with active
SANCC. These findings also raise questions about the influence of
persistent neuroinflammation in the pathology associated with SANCC.

COMBINED USE OF ANTIBODY AND ANTIGEN DETECTION
TO IMPROVE THE ACCURACY IN THE DIAGNOSIS OF VIABLE
INFECTION IN PATIENTS WITH PARENCHYMAL CEREBRAL
CYSTICERCOSIS

Gianfranco Arroyo’, Javier A. Bustos', Andres G. Lescano’, Pierre
Dorny?, Erika Perez?, Yesenia Castillo, Isidro Gonzales?, Herbert
Saavedra3, E. Javier Pretell*, Saul Santivanez®, Robert H. Gilmans,
Armando E. Gonzalez’, Hector H Garcia’

'Universidad Peruana Cayetano Heredia, Lima, Peru, 2Institute of Tropical
Medicine, Antwerp, Belgium, *Cysticercosis Unit, Instituto Nacional de
Ciencias Neurologicas, Lima, Peru, “Department of Neurology, Hospital
Nacional Alberto Sabogal, Callao, Peru, *Instituto Peruano de Parasitologia
Clinica y Experimental, Lima, Peru, ®Bloomberg School of Public Health,
Johns Hopkins University, Baltimore, MD, United States, ’School of
Veterinary Medicine, Universidad Nacional Mayor de San Marcos, Lima,
Peru

Anthelmintic therapy in parenchymal neurocysticercosis (NCC) depends
on a proper diagnosis of viable cysts by neuroimages, and is confirmed

by serology. The EITB assay detects serum antibodies and is highly
sensitive, but poorly specific to differentiate old from viable infections,
whereas antigen-detection discriminates viable cyst infections, although
its performance is lower compared to EITB. Nonetheless, their combined
use may improve diagnostic accuracy for viable parenchymal NCC.
Neuroimages (magnetic resonance [MR] and computed tomography [CT]),
and sera of 222 patients with parenchymal NCC were evaluated. Cases
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were classified with viable parenchymal NCC according to neuroimages.
Sera were processed by EITB and ELISA for antibody and Ag-detection. We
assessed the performance of different EITB-positive cutoffs (>1, >3, and >4
bands), alone or combined with Ag-detection in terms of their accuracy

to diagnose viable parenchymal NCC (ROC-curve areas, sensitivity, and
specificity) using logistic regression models. A total of 135 cases (60.81%)
had viable parenchymal NCC. Adding ELISA Ag-detection to a EITB
diagnosis with >1 reactive bands improve its accuracy to discriminate
viable cyst infections (ROC-areas 0.84 versus 0.72, p<0.001), and a similar
effect was obtained for EITB diagnosis with >3 reactive bands (ROC-areas
0.87 versus 0.77, p<0.001). Also, specificity levels significantly increased
when Ag-detection was added to EITB cutoffs >1 bands (82.75 versus
52.87, p<0.001), and >3 bands (85.06 versus 64.37%, p=0.001), whereas
sensitivity levels were not significantly affected. Using an EITB cutoff >4
bands, the addition of Ag-detection did not improve assay performance.
In patients reacting to 1 to 3 bands on EITB, the addition of ELISA Ag-
detection improves the accuracy to diagnose viable parenchymal NCC by
increasing specificity levels in 30% or more. Combined use of antibody
and antigen detection may serve to correctly diagnose NCC in patients
that require anthelmintic therapy, and in rural settings to identify cases
that require further neuroimaging assessment.

RISK FACTORS FOR BREAKTHROUGH SEIZURES IN PATIENTS
WITH EPILEPSY DUE TO CALCIFIED NEUROCYSTICERCOSIS

Javier A. Bustos', Gianfranco Arroyo’, Isidro Gonzales?, Herbert
Saavedra?, Robert H. Gilman?, Armando E. Gonzalez', Hector H.
Garcia', for the Cysticercosis Working Group in Peru’

'Universidad Peruana Cayetano Heredia, Lima, Peru, ?Instituto Nacional de
Ciencias Neurologicas, Lima, Peru, *Johns Hopkins Bloomberg School of
Public Health, Baltimore, MD, United States

Neurocysticercosis is one of the main causes of epilepsy in endemic areas.
Viable brain cysts follow a degenerative progression and finally resolve
completely or leave a calcified scar. Some patients develop epilepsy and
receive antiepileptic drugs (AED), however a proportion of these patients
would still present breakthrough seizures. We performed a prospective
cohort study to assess the incidence and associated risk factors of
breakthrough seizures in adult patients with epilepsy and calcified NCC
under AED treatment. At baseline, patients had a clinical examination, EEG
test, and EITB Western Blot. Participants were under AED as indicated by
their attending neurologist. Then Patients had a clinical evaluation every
three months and the study team contacted them by phone every two
weeks. All reported seizure events were classified according to the ILAE
guideline. 210 patients that fulfilled inclusion criteria composed the final
cohort and 101 of them presented new seizure during the follow-up.
Maximum follow-up time was 69 months with a median of 11 months.
Mean age was 36.34 (SD 13.04) years and 48.57% were males (102/210).
The time-to-event analysis shows that 35.5% (95% Cl 27.2%-46.5%)
remains free of seizure and most of the events occurred within the first 2
years of follow-up (93%, 94/101). In the bivariate Cox analysis we found
as protective factors: being male (HR: 0.67 p=0.05), history of antiparasitic
treatment (HR 0.68 p=0.06), and to remain free of seizures during the last
two years (HR: 0.38 p=0.001) and as risk factors: history of 10 or more
seizures (HR: 1.65, p=0.01) and to present an abnormal EEG (HR: 2.52
p=0.03 On multivariate analysis, we found the same tendencies, but only
a history of ten or more seizures (HR: 1.68 p=0.02) and abnormal EEG

(HR 2.22 p= 0.06) remain as significant risk factors and be seizure free in
previous 2 years is protective factor (HR: 0.49 p=0.02). Seizures control

in calcified NCC is poor. Only 35.5% of patients remain remains free of
seizure in a 5-years follow-up time, and the main risk factors are having a
history of ten or more seizures, having an event within the previous 2 years
and an abnormal EGG at enrolment.

MOVING TOWARDS IMPLEMENTATION: A COMMUNITY-
BASED PARTICIPATORY RESEARCH PILOT TO PROMOTE
CYSTICERCOSIS PREVENTION AND RING SURVEILLANCE IN
NORTHERN PERU

Michelle Beam', Angela G. Spencer?, Ruth Atto?, Roberto
Camizan?, Lauralee Fernandez', lan Pray’, Brian Garvey', Percy
Vilchez?, Claudio Muro Ecca?, Ricardo Gamboa?, Luz Maria
Moyano?, Josefina Coloma?, Hector H. Garcia?, Seth E. O'Neal, for
the Cysticercosis Working Group!

'Oregon Health & Science University, Portland, OR, United States, *Center
for Global Health Tumbes, Universidad Peruana Cayetano Heredia, Lima,
Peru, *University of California Berkeley, Berkeley, CA, United States,
4Universidad Peruana Cayetano Heredla, Lima, Peru

Taenia solium is a common cause of preventable epilepsy. Ring treatment
(RT), a control strategy that targets treatment for taeniasis to households
in close proximity to heavily infected pigs, has been shown to be effective
when surveillance is carried out by research teams. We carried out a
two-year mixed-methods pilot study in 4 intervention villages (pop. 819)
in Peru to promote community participation in RT, using participatory
research methods previously effective for dengue prevention in Nicaragua.
The intervention included a workshop in which villagers observed cyst
evagination with microscopes, as well as 3 focus groups and 16 working
groups in which community-identified leaders worked with study staff to
design and adapt RT for their village. In 3 control villages (pop. 992), the
same surveillance, reporting, and response structures were implemented
without participatory development of local champions or workgroups.
Key measurements included augmented knowledge, attitudes and
practices (KAP) survey administered in all study households every 4
months, audio-recorded and transcribed focus groups analyzed with in
vivo thematic coding, and seroincidence in pigs measured using EITB LLGP.
The community-engaged RT intervention was effective, achieving 40%
decrease in seroincidence among pigs over 16 months vs. 4% increase

in the controls. Household survey results demonstrated T. solium lifecycle
knowledge of human-to-pig transmission and pig-to-human transmission
improved among adults who attended the evidence workshop compared
to non-attendees, OR=2.67 (Cl=1.23-5.78) and OR=3.50 (C|=1.76-6.9),
respectively. Preliminary analysis of the KAP survey also demonstrated
community-level behavior change. In this pilot study, we showed that
surveillance and reporting can be successfully managed by community
members in partnership with local health posts, when supported by
research teams. Final results, salient lessons learned, and plans to refine,
scale up, and test community-based RT strategy regionally through
implementation research will be presented.

PROLONGED CYSTICIDAL TREATMENT AND CONTROL OF
INFLAMMATION LEADS TO SUSTAINED INACTIVE DISEASE IN
SUBARACHNOID RACEMOSE NEUROCYSTICERCOSIS

Theodore E. Nash', Elise M. ©Connell', Dima A. Hammoud?,
Lauren Wetzler', JeanAnne M. Ware', Siddhartha Mahanty?

'National Institutes of Health, Bethesda, MD, United States, *The Peter
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Subarachnoid racemose NCC (SUBNCC), the most morbid form of NCC, is
caused by an aberrant proliferative form of Taenia solium that grows and
invades the subarachnoid spaces of the brain and spinal cord. The best
way to treat this form of NCC is unclear. Here we summarize the clinical
course and outcomes of 34 SUBNCC patients evaluated and treated at
the National Institutes of Health employing prolonged cysticidal and anti-
inflammatory regimens and long term follow up. The median ages at the
time of first symptom, diagnosis and enrollment were 29.7, 35.6 and 37.9
yrs, respectively. Twenty participants (58.8 %) were male and 28 (82.4%)
Hispanic. The median time from immigration to development of symptoms
(minimal incubation period) was 10 yrs, with an estimated median
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incubation period of 22.2 yrs. Other NCC involvement was detected in
half, including 20.6% with ventricular cysts, 8.8% with parenchymal

cysts and 44.1% with parenchymal calcifications. Hydrocephalus, shunt
insertions, infarcts and symptomatic spinal disease occurred in 55.9%,
41.2%, 17.6% and 14.7 %, respectively. Thirty required prolonged
treatment with albendazole (88.2%, median duration of 0.55 yr) and/

or praziquantel (61.8%; median of 0.96 yr), high dose corticosteroids
(88.2%, median of 1.09 yr.), methotrexate (50%, median of 1.37 yr.), and
etanercept (34.2%, median of 0.81 yr.), which led to inactive disease in
29 of the 30 treated (96.7 %) a median of 4.2 yrs post treatment (range
of follow up: 15 for >4 yrs, 20 > 2 yrs, 26 > 1 yrs, 3< 1 yrs). Three patients
had successfully retreated recurrent disease and 1 has continuing infection.
Normalization of CSF parameters and cestode antigen levels guided
treatment decisions. None of the 15 patients who reached undetectable
cestode antigen values had recurrent disease. There were no deaths and,
in general, moderate morbidity. Corticosteroid related side effects were
common, avascular necrosis of joints (8 of 33, 24.2 %) being the most
long lasting. Prolonged cysticidal treatment combined with effective
control of inflammation led to good clinical outcomes and sustained
inactive disease, which is likely curative.

PREDICTORS FOR THE DEVELOPMENT OF RESIDUAL
CALCIFICATIONS AFTER ANTIPARASITIC TREATMENT OF
PARENCHYMAL BRAIN CYSTICERCOSIS

Javier A. Bustos’, Gianfranco Arroyo', Percy Soto-Becerra’,
Robert H. Gilman?, Isidro Gonzales?, Herbert Saavedra®, Armando
E. Gonzalez', Hector H. Garcia', for the Cysticercosis Working
Group in Peru .4
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Neurocysticercosis (NCC) is a main cause of secondary epilepsy in
endemic areas. Along the natural course of evolution or as a effect of
antiparasitic treatment the host’s inflammatory response leads to cyst
degeneration, which in some cases ends as a calcified scar. This study
assessed the proportion of residual calcification at one year in cerebral
cysts that resolved after antiparasitic treatment. We evaluated data of 220
adult patients with 1 to 20 viable parenchymal NCC from three previous
clinical trials were patients received standard Albendazol (ABZ-S 15mg/
kg/d), increased ABZ (ABZ-I 22.5mg/kg/d) or ABZ-S plus Praziquantel (PZQ
50mag/kg/d), and corticosteroids. Patients had MRI exams at baseline and
at day 180 to assess cyst resolution and a CT scan at day 360 to assess
calcification. We selected cases with completed follow up (MRI at day 180
and CT at day 360). We used Poisson regression with random intercepts
adjusted by covariates at the patient and cyst levels to estimate risk ratios
of calcification. A total of 495 cysts in 147 patients were assessed, with
an overall percentage of calcification of 38.2% (189/495 95%CI 33.9%-
42.6%). Main positive predictors of cyst calcification were more than 24
months with seizures (RR: 1.24 p=0.004) and presence of perilesional
edema at baseline (RR: 1.40 p=0.013). Protective factors included a
higher dose of dexamethasone (RR: 0.73 p=0.032 for >6.5 mg/day), using
combined antiparasitic treatment (ABZ + PZQ) (RR: 0.91 p<0.58 compared
to ABZ-S and RR: 0.77 p=0.001 compared to ABZ-), re-treatment in
patients with partial cure who need an additional course of antiparasitic
treatment after 6-month MRI evaluation (RR: 0.64 p<0.001 compared

to patients with complete cure who do not need retreatment and RR:
0.68 p=0.024 compared to patients with incomplete cyst cure and not
re-treated). This study defined factors associated with frequency of residual
calcifications. These factors (such as to enhance corticosteroids dose, use
of combined treatment (ABZ+PZQ), or additional courses of antiparasitic
re-treatment) could be targeted in future studies intended to decrease the
proportion of calcification.

SEASON PATTERNS IN RISK FACTORS FOR TAENIA SOLIUM
TRANMISSION: A GPS TRACKING STUDY OF PIGS AND OPEN
HUMAN DEFECATION IN NORTHERN PERU

lan W. Pray’, Claudio Muro?, Percy Vilchez?, Ricardo Gamboa?,
Hector H. Garcia?, Seth E. O'Neal’

'Oregon Health and Science University, Portland, OR, United States,
2Center for Global Health Tumbes, Tumbes, Peru, *Universidad Peruana
Cayetano Heredia, Lima, Peru

Taenia solium (cysticercosis) is a parasitic cestode that is endemic in rural
populations where open defecation is common and pigs are allowed to
graze on human feces. The purpose of this study was to examine the
roaming patterns of free-range pigs, and identify areas where T. solium
transmission could occur via contact with human feces. We did this by
using GPS trackers to log the movement of 108 pigs in three villages

of northern Peru. Pigs were tracked for 6 days each, and tracking was
repeated in the rainy and dry seasons. Maps of pig ranges were analyzed
for size, distance from home, land-type, and contact with human
defecation sites, which were assessed in a community-wide defecation
survey. Consistent with prior GPS studies and spatial analyses, we found
that the majority of pigs remained close to home during the tracking
period and had contact with human feces in their home areas - pigs spent
a median of 79% (IQR: 61-90%) of their active roaming time within

50 meters of their homes, and 60% of contacts with open defecation
within 100 meters of home. Extended away-from-home roaming was
predominately observed during the rainy season; and, overall, home
range areas were 61% larger during the rainy season compared to the dry
season (95% Cl: 41-73%). Both home range size and contact with open
defecation sites showed substantial variation between villages, and contact
with open defecation sites was more frequent among pigs with larger
home ranges, and pigs living in higher density areas of their village. Our
study builds upon prior work showing that pigs predominately roam and
have contact with human feces within 50-100 meters of the home, and
that T. solium transmission is most likely to occur in these concentrated
areas of contact. This finding, therefore, supports control strategies that
target treatment resources to these areas of increased transmission. Our
finding of a seasonal trend in roaming ranges may be useful for control
programs relying on pig interventions, and in the field of transmission
modeling, which require precise estimates of pig behavior and risk.

PARENTERAL ARTEMISININS ARE ASSOCIATED WITH
REDUCED MORTALITY AND IMPROVED LONG-TERM
BEHAVIORAL OUTCOMES BUT INCREASED HOSPITAL
READMISSION IN UGANDAN CHILDREN WITH SEVERE
MALARIA

Andrea L. Conroy’, Robert O. Opoka?, Paul Bangirana?, Richard
Idro?, Chandy C. John!

'Indiana University School of Medicine, Indianapolis, IN, United States,
2Makerere University, Kampala, Uganda

In 2011 the World Health Organization recommended injectable
artesunate as the first-line therapy for severe malaria (SM) due to its
reduction of mortality compared to quinine. From 2008-2013, we
enrolled 718 children in a prospective cohort study to assess long-term
neurocognitive and behavioral outcomes following cerebral malaria or
severe malarial anemia. Behavior was assessed one week after discharge
and at 6, 12 and 24 months after discharge by the Child Behavior
Checklist (CBCL) and Behavior-Related Inventory of Executive Function
(BRIEF). Higher scores indicated poorer behavioral outcomes. Artemisinin
use increased gradually from 0% to 91.9% from 2008 to 2013, with 156
children with severe malaria (31.1%) receiving parenteral artemisinins.
Children receiving quinine vs. artemisinins were similar in demographics.
All analyses including adjustment for potential confounding factors.
Children receiving artemisinins compared to quinine had reduced
in-hospital mortality (3.9% vs. 8.4% adjusted odds ratio (aOR) [95%
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confidence interval (CI)] 0.25 [0.09, 0.72]) and reduced neurologic deficits
at discharge (23.7% vs. 41.7%, aOR 0.25 [0.12, 0.54]) but no differences
in neurologic deficits in follow-up. However, children receiving artemisinins
compared to quinine were more likely to be readmitted to hospital
multiple times (incidence rate ratio 2.01 [95% Cl, 1.28-3.17]). Artemisinin
compared to quinine treatment was associated with improved total
behavior scores on the CBCL (beta, 95% Cl: -0.28, -0.47, -0.09, p=0.004),
and improved global executive function (beta, 95% confidence interval
(Cl): -0.36, -0.62, -0.10, p=0.007), and metacognition scores (beta, 95%
Cl: -0.34, -0.61, -0.08, p=0.012) on the BRIEF in children <5 years of age,
over 24-month follow-up. No differences were observed in children over
five years of age. Artemisinin compared to quinine treatment of severe
malaria is associated with reduced mortality and improved long-term
behavioral outcomes but increased risk of hospitalization readmission.
Additional studies are needed to understand how artemisinins may
increase risk of recurrent hospitalizations.

ACUTE KIDNEY INJURY DURING AN EPISODE OF SEVERE
MALARIA IS ASSOCIATED WITH RECURRENT SEVERE
MALARIA IN UGANDAN CHILDREN

Ruth Namazzi', Robert Opoka’, Richard Idro?, Paul Bangirana’,
Dibyadyuti Datta?, Andrea Conroy?, Chandy John?

'"Makerere University College of Health Sciences, Kampala, Uganda,
%Indiana University School of Medicine., Indianapolis, IN, United States,
3Indiana University School of Medicine, Indianapolis, IN, United States

Severe malaria is associated with high post discharge morbidity and
mortality. Few studies have examined the burden and risk factors for
repeated malaria episodes in children discharged after an episode of
severe malaria. 600 children ages 6-48 months with severe malaria (SM),
and 120 age-matched healthy community children (CC) were enrolled
and followed for 12 months post discharge at two hospitals in Uganda.
These children were assessed for malaria whenever they presented to

the hospitals with a complaint of fever or had an axillary temperature of
>37.5°C. Among all the enrolled children, there were a total of 2144 sick
visits over the 12 months follow-up period of which 950/2144 (44.3%)
were positive for malaria. Of these, 625/950 (65.8%) were severe episodes
requiring hospitalization. The incidence of malaria (episodes per 100
person-years) was 0.46 for children with SM, compared to 0.29 for CC,
yielding an incidence rate ratio (IRR) of 1.57 (95% confidence interval (Cl)
1.29, 1.93, p<0.0001) for malaria episodes in children with SM compared
to CC. The incidence of severe malaria (malaria requiring hospitalization,
episodes per 100 person-years) was 0.32 for children with SM compared
t0 0.13 for CC (IRR, 2.47, 95% Cl 1.85, 3.37). In a model that included
site, age, sex, nutritional status (weight-for-age and height-for-age z
scores), severe anemia, hyperparasitemia, coma, acute kidney injury (AKI),
and hyperlactatemia, site and AKI at enrollment was associated with an
increased risk recurrent SM in children with prior SM (IRR, 1.64; 95% Cl,
1.23-2.19, p=0.0008). When analyses were stratified by site, AKI remained
an independent risk factor for recurrent SM in both the low transmission
site (IRR, 1.76; 95% Cl, 1.09-2.86, p=0.022) and high transmission site
(IRR, 1.45; 95% Cl, 1.02-2.07, p=0.040). Children with SM in malaria
endemic areas are at high risk for recurrent SM, and AKI at the time of
first SM episode is associated with increased risk of recurrent SM. Future
studies should assess how AKI and other factors lead to an increased risk
of recurrent SM, to allow for prevention of future SM episodes in these
children.

ATOVAQUONE-PROGUANIL EXPOSURE IN PREGNANCY AND
RISK FOR ADVERSE FETAL AND INFANT OUTCOMES

Julie R. Gutman’, Clinton Hall?, Zeina G. Khodr?, Anna T.
Bukowinski?, Gia R. Gumbs?, Ava Marie S. Conlin3, Natalie VY.
Wells4, Kathrine R. Tan'

"Centers for Disease Control and Prevention, Atlanta, GA, United States,
’Naval Health Research Center, Deployment Health Research Department
and Leidos Inc., San Diego, CA, United States, *Naval Health Research
Center, Deployment Health Research Department and Innovative Employee
Solutions, San Diego, CA, United States, “Naval Health Research Center,
Deployment Health Research Department, San Diego, CA, United States

Malaria infection in pregnancy can lead to maternal and fetal
complications. Only chloroquine (CQ) and mefloquine (MQ) are
recommended for chemoprophylaxis in pregnancy, but parasite resistance
and contraindications may leave some women with no recommended
options. Limited data suggest atovaquone-proguanil (AP), a highly
effective antimalarial, might be suitable for malaria prevention in
pregnancy, but more evidence is needed. Data for pregnancies and live
births among active duty women, 2003-2014, from the Department

of Defense Birth and Infant Health Research program were linked with
pharmacy data to determine antimalarial exposure, defined as a drug
dispensation date in pregnancy. Multivariable Cox and logistic regression
models were used to assess the relationship between antimalarial exposure
and fetal and infant outcomes, respectively. Among 199,017 pregnancies,
51 were exposed to AP, 159 to MQ, and 133 to CQ. Overall, 15.1% of
unexposed pregnancies and 27.5%, 13.8%, and 4.5% of pregnancies
exposed to AP, MQ, and CQ, respectively, ended in miscarriage (adjusted
hazard ratios [aHR]=1.72, 95% confidence interval [Cl]=1.02-2.90;
aHR=1.03, 95% CI=0.68-1.57; and aHR=0.38, 95% CI=0.17-0.85,
respectively); similar results were seen for the outcome “fetal loss,” which
included both miscarriage and stillbirth. Among 160,944 live births,

36 were exposed to AP, 130 to MQ, and 122 to CQ. Compared with
unexposed infants, there was a statistically insignificant increased risk

for a composite poor live birth outcome (preterm birth, low birthweight,
or small for gestational age) among AP exposed infants (adjusted odds
ratio=2.02, 95% Cl=0.88-4.60), but not MQ or CQ exposed infants. Birth
defects were seen in 3.0% of unexposed and 5.6%, 0.8%, and 0.8% of
infants exposed to AP, MQ, and CQ, respectively. The small number of AP
exposed pregnancies highlights the difficulty in assessing safety. While
definitive conclusions are not possible, these data suggest further research
of AP exposure in pregnancy and fetal loss is warranted.

AETIOLOGIES OF ACUTE FEBRILE ILLNESS AMONG CHILDREN
IN A CONTEXT OF DECLINING MALARIA TRANSMISSION

Techalew Shimelis Woldkiros’, Birkneh Tilahun Tadesse?, Fitsum
Belay?, Gill Schierhout?, Susana Vaz Nery', John Kaldor'

'University of New South Wales, Sydney, Australia, ?Hawassa University,
Hawassa, Ethiopia, *The George Institute, Sydney, Australia

The introduction of rapid malaria rapid diagnostic tests greatly improved
malaria case management and reduced unnecessary anti-malaria drug
prescription. However, the management of non-febrile illnesses, which
now represent a higher proportion of cases, remains problematic in
resource-constrained countries where laboratory facilities are limited,
with a particular issue being over-prescription of antibiotics. In Ethiopia,
the relative importance of various infectious causes of non-malaria febrile
illnesses is unknown. This study aimed to assess aetiologies of fever
(temperature of >37.5 °C or a history of fever in the past 48 hours) in
children aged >2 months and <13 years presenting to Hawassa University
Hospital, southern Ethiopia from May 2018 to February 2019. Clinical and
demographic data were gathered from 433 participants using a clinical
case report form. Various samples (blood, urine, stool, throat swab, CSF)
were analysed using culture, microscopy and rapid diagnostic tests (RDTs)
to identify pathogens. In addition to fever, the most common symptoms
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were cough (53.1%, 230/433) and diarrhoea (18.3%, 79/433). Malaria
and HIV infection were diagnosed in 3.2% (14/431) and 0.7% (3/431)

of children, respectively. Blood stream bacterial infections were detected
in 5.5% (23/421) of children, with S. aureus (3.8%, 16/421) the leading
isolate. Urinary bacterial pathogens were isolated in 18.2% (73/402) of
children, with E. coli (9.2%, 37/402) and Klebsiella species (4%, 16/402)
predominant. Among 56 children with gastroenteritis from whom stool
specimens were obtained, there were findings of rotavirus/adenovirus (17
cases, 30.4%) by RDT, intestinal parasites (9 cases, 16.1%) by microscopy
and Salmonella/Shigella (2 cases, 3.6%) by culture. Group A Streptococci
(16.1%, 28/174) and S. pneumonia (16.9%, 30/178) antigens were
detected via RDTs in children with acute respiratory illness. This study
represents the first systematic investigation of fever causes in children in
Ethiopia, and supports the need for improved access to routine laboratory
services to ensure appropriate management of specific pathogens.

ALGORITHM IN THE DIAGNOSIS OF FEBRILE ILLNESS USING
PATHOGEN-SPECIFIC RAPID DIAGNOSTIC TESTS

Sunil Pokharel', Lisa J. White?, Ricardo Aguas?, Olivier Celhay?,
Karell G. Pelle3, Sabine Dittrich?

'Centre for Tropical Medicine and Global Health, Nuffield Department of
Medicine, University of Oxford, Oxford, United Kingdom, *Mahidol-Oxford
Tropical Medicine Research Unit, Faculty of Tropical Medicine, Mahidol
University, Bangkok, Thailand, *Foundation for New Innovative Diagnostics
(FIND), Geneva, Switzerland

Acute Undifferentiated Febrile Ilinesses (AUFI) caused by malaria, dengue,
scrub typhus, typhoid and other aetiologies are common presentations

in developing countries. In the lack of clinical expertise and reliable
laboratory tests, patients are empirically treated with antimicrobials. Rapid
diagnostic tests (RDTs) are increasingly available and used but lack optimal
diagnostic accuracy. There are no guiding protocols and algorithms for
the application of these tests. Using prevalence data of five common
febrile illnesses from India and Cambodia and performance characteristics
(sensitivity and specificity) of relevant pathogen-specific RDTs, we used

a mathematical model to predict the probability of correct identification
of each disease when diagnostic testing occurs either simultaneously or
sequentially in various algorithms. We developed a web-based application
of the model to visualise and compare output diagnostic algorithms
when different disease prevalence and test performance characteristics
are introduced in the model (https://moru.shinyapps.io/diagnostic-
algorithm-app/). Diagnostic algorithms with appropriate sequential testing
predicted better diagnostic outcomes in both settings when compared

to simultaneous testing. The best performing sequential diagnostic
algorithms were different in India and Cambodia due to varying disease
prevalence. Simultaneous testing is not appropriate for diagnosis of AUFls
with presently available tests, which discourages the unsupervised use

of multiplex diagnostic tests. The implementation of adaptive algorithms
can predict better diagnosis and add value to the available RDTs. The

web application of the model can serve as a tool to identify the optimal
diagnostic algorithm in different epidemiological settings, whilst taking
into account local epidemiological variables and accuracy of available tests.

AN EPIDEMIOLOGICAL STUDY OF TOXOCARA SPECIES IN
HOUSTON PARKS USING A NOVEL PCR-BASED METHOD

David McCormick’, Timothy Erickson', Donna L. Tyungu?, Rojelio
Mejia'

'Baylor College of Medicine, Houston, TX, United States, 2The University of
Oklahoma Health Sciences Center, Oklahoma, OK, United States

Toxocariasis is a parasitic infection caused by Toxocara species that can
lead to visceral and ocular migrans and cognitive impairment. These
parasites are found in the feces of dogs (T. canis) and cats (T cati) and
excreted into the soil, where they can survive for many years. Toxocariasis
is an underdiagnosed neglected parasitic infection in the United States.
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Persons living in low socioeconomic communities are at increased risk. We
examined soil samples from 15 urban and suburban parks in Houston,
Texas using molecular methods. Approximately 30-70 grams of soil
collected from the upper centimeter of dirt in two separate locations

for each park. Soils were concentrated and DNA extracted using a novel
method. Including mechanical disruption in a bead-beating device, and
then processed using the MP FastDNA spin kit for soil preparation. Multi-
parallel real-time quantitative PCR (qPCR) was performed using primers
specific to T canis and T. cati gPCR performed in duplicate for all samples,
and a positive control with known amounts of T canis and T. cati eggs
used for each experimental run. Toxocara canis DNA was detected in 20%
of parks located in the zip code with the lowest median income ($22,424/
year). No Toxocara spp DNA was identified from parks located in zip codes
with median income >$50,000/year. No samples contained DNA from T.
cati. This study suggests that T. canis is an environmental contaminant

in public spaces in Houston and associated with the socioeconomic

status of the surrounding population. Use of a novel molecular method
will allow for rapid screening of soil samples to further characterize

this public health problem. Further studies will include a total of 45

parks and school playgrounds with quantification of the contamination
burden. Environmental data will be cross-referenced to patient chart
records with toxocariasis at Texas Children’s Hospital and Harris Health
systems. Comparisons of the socioeconomic status of those infected to
the presence of Toxocara contamination will further show how parasites
unequally affect those living in poverty.

EFFECTS OF IVERMECTIN ON INTRAOCULAR MICROFILARIAE
IN PERSONS WITH ONCHOCERCIASIS IN EASTERN GHANA

Hong Augustine’, Nicholas O. Opoku?, Charles W. Goss?,
Christopher L. King?, Gary J. Weil', Michael E. Gyasi*

"Washington University School of Medicine, St. Louis, MO, United States,
2University of Health and Allied Sciences, Hohoe, Ghana, *Case Western
Reserve University, Cleveland, OH, United States, “St. Thomas Eye Hospital,
Accra, Ghana

Ivermectin (IVM) is widely used for treatment for onchocerciasis. We
performed a prospective cohort study in Ghana to assess the kinetics

of microfilarial (Mf) clearance from the eye after IVM 150 ug/kg in 261
patients with palpable nodules and Mf-positive skin snips. This study is
the first to use optical coherence tomography (OCT) in the setting of
onchocerciasis. OCT is analogous to an optical ultrasound that composes
microscopic, high-resolution cross-sectional images of the retina. Skin Mf
counts (geo mean Mf /mg and range) were 12.6, 2-86 at baseline and 0,
0-11 at 3 months. 28.5% of participants had at least 1 Mf in their anterior
chambers (MfAC, total for both eyes, range 1-150) at baseline, and 3.2%
of patients had at least 1 MfAC three months after treatment. 97.8% of
participants with 1-9 MfAC and 95% of those with at least 10 MfAC at
baseline had complete clearance at 3 months. No Mf were observed in the
posterior segment. MfAC counts were correlated with baseline skin Mf
counts (p<0.001). 52.1% of persons with high skin Mf counts (at least 30
Mf/mg) had MfAC compared to 26.5% of subjects with skin Mf counts
between 1 and 10 Mf/mg. 84% of participants experienced at least one
adverse event (AE) after IVM, with itching skin (46.4%), headache (28.6%)
and joint or muscle pain (26%) being most common. Ocular itching
(9.4%), eye pain (5.7%) and watery eyes (1%) were the most common
ocular AEs. No severe or serious AEs were observed. OCT was useful for
evaluating and monitoring glaucoma, chorioretinal atrophy, retinal edema
and retinal anatomy. Subjects with severe eye disease or media opacities
were excluded prior to enrollment. Among enrolled participants, baseline
eye diseases (not including uncorrected refractive error) included glaucoma
(7.3%), macular degeneration (2.3%), macular scarring (3.1%), severe
cataract (1.9%), unexplained vision loss (1.5%), central corneal scarring
(1.1%), and other (2.7%). Minimal changes occurred in ocular anatomy
following IVM. In conclusion, our study demonstrated that IVM is safe and
effective for reducing MfAC counts at 3 months; 6 month data will be
presented at the meeting.
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CHIKUNGUNYA VIRUS DISSEMINATION FROM THE MIDGUT
OF AEDES AEGYPTI - INSIGHTS INTO THE MECHANISM

Alexander W.E. Franz, Yingjun Cui, Asher M. Kantor, DeAna G.
Grant, Tommi A. White

University of Missouri, Columbia, MO, United States

The mosquito, Aedes aegypti, is a vector for emerging arboviruses such
as chikungunya (CHIKV). The midgut epithelium is the initial tissue of the
mosquito to be infected with an arbovirus following its oral acquisition
from a vertebrate host. Following its replication within the midgut
epithelium, the virus disseminates to secondary tissues including the
salivary glands. The tissue barrier separating the midgut epithelium from
the hemocoel, the midgut escape barrier, is an important determinant of
mosquito vector competence for arboviruses. The midgut epithelium is
surrounded by a multi-layered basal lamina (BL) composed of collagen IV
and laminin. In ultrastructural (TEM and FIBSEM) time course studies, we
showed that CHIK virions accumulated at the BL around 24 h pbm and
were found between BL strands until 32 h pbm. However, at 48 h pbm,
virions no longer strongly amassed towards the BL. This indicates that
there is a time window post-bloodmeal acquisition during which CHIKV is
disseminating from the midgut. An accompanying SEM time course study
indicated that following bloodmeal acquisition, the midgut tissue and the
BL were overstretched and partly damaged, which could be critical factors
allowing virions to escape the midgut through the BL. We now show

that fluorescent dye conjugated gold nanoparticles with a 5 nm diameter
efficiently diffused through the BL of midguts dissected from sugarfed
and BSA-fed mosquitoes. In contrast, 50 nm (approximate virion size) gold
nanoparticles diffused only through the BL of those midguts that were
obtained from BSA-fed mosquitoes. Importantly, one week after receiving
the BSA meal, the midgut BL was still permissive for both 5 and 50 nm
gold nanoparticles, whereas midguts of sugarfed mosquitoes, independent
of their age, remained permissive for 5 nm gold nanoparticles only. These
findings suggest that although the overall midgut structure relaxes during
gradual meal digestion, the pore size exclusion limit of the BL remains

(at least 10x) increased for a prolonged period following complete meal
digestion.

SAFETY OF THE MEASLES-VECTORED CHIKUNGUNYA
VACCINE (MV-CHIK) IN HEALTHY VOLUNTEERS PREVIOUSLY
EXPOSED TO CHIKUNGUNYA VIRUS

Katrin Ramsauer’, Clemente Diaz?, Irma Febo?, James Powell?,
Aileen Rivera Maldonado?, Raimund Vielnascher', Paul B. Keiser?

"Themis Bioscience GmbH, Vienna, Austria, *University of Puerto Rico, San
Juan, Puerto Rico, *Walter Reed Army Institute of Research, Silver Spring,
MD, United States

The pathophysiology of chronic chikungunya is not well understood but
several mechanisms have been proposed including immunopathology
triggered by chikungunya antigens. The vaccine candidate MV-CHIK
consists of a measles vaccine Virus expressing the polyprotein gene of
chikungunya, resulting in production of chikungunya virus-like particles.
We have recently shown safety and immunogenicity of the vaccine

in phase 1 and phase 2 clinical trials. In anticipation of field trials and
vaccination campaigns in areas of on-going or previous chikungunya
transmission, we sought to evaluate the safety of MV-CHIK among
subjects primed by natural infection. The study was conducted in Puerto
Rico, which has a relatively high seroprevalence of chikunugunya following
an epidemic in 2014 but negligible chikungunya transmission during the
study period. A total of 34 healthy volunteers ages 21 to 50 were enrolled.
After openly cohorting by baseline chikungunya IgG (16 seropositive and
18 seronegative) volunteers were randomized to receive either MV-CHIK
or MMR in a 4:1 ratio. Adverse events (AEs) were solicited for 28 days
after each of two intramuscular doses and unsolicited AEs were collected
for a full year. The percentage of individuals reporting solicited AEs by
unblinded cohort was not significantly higher in subjects previously

exposed to chikungunya: fatigue (31% among pre-exposed vs 33% of
unexposed), malaise (13 vs 44%), headache (31 vs 72%), diarrhea (19 vs
33%), nausea/vomiting (0 vs 28%), joint pain (31 vs 22%) and injection
site pain (19 vs 61%). There were no related clinically significant laboratory
abnormalities and no grade 3 or serious adverse events. C-reactive protein
levels after the first vaccination did not increase significantly in either
cohort suggesting that vaccine-induced inflammation was negligible. This
study supports the safety of MV-CHIK in healthy volunteers primed by
prior chikungunya infection. Additional studies to assess the safety of MV-
CHIK in previously exposed populations are planned.

AEDES AEGYPTI SIALOKININ | MODULATES SIGLEC-1
EXPRESSION ON HUMAN MONOCYTES AND MACROPHAGES
DURING CHIKUNGUNYA VIRUS INFECTION

Siew-Wai Fong', Jeslin J.L Tan?, Vaishnavi Sridhar', Tze-Kwang
Chua?, Siti Nagiah Amrun?, Guillaume Carissimo?, Fok-Moon Lum?,
Kini R Manjunatha, Lisa F.P Ng2

'National University of Singapore, Singapore, Singapore, 2Singapore
Immunology Network, Agency for Science, Technology and Research,
Singapore (A*STAR), Singapore, Singapore

Chikungunya virus (CHIKV) infection is initiated by the bite of infected
female Aedes mosquitoes when viruses along with saliva are released
below the skin of human host. Several reports have indicated that
mosquito bites can enhance arbovirus infection and enhancement

is attributed to proteins in the mosquito saliva. The saliva of female
Aedes aegypti mosquito contains a 1400-Da Sialokinin peptide with
vasodilatory properties typical of a tachykinin. Here, the effect of Sialokinin
I was studied in primary human monocytes and monocyte-derived
macrophages (MDMs). The expression of Siglec-1 (or CD 169) on human
monocytes/macrophages is critical for activation of immune responses

to viral infections in the human host. Increased expression of Siglec-1 on
peripheral CD14+ monocytes was observed in CHIKV-infected patients.
Interestingly, Sialokinin | significantly down-regulated Siglec-1 expression
in both primary human monocytes and MDMs. The modulation effect

of Siglec-1 expression by Sialokinin | was abrogated by antagonism

of human neurokinin receptors of which the nonpeptide neurokinin
receptor antagonists (CP-96345 and GR-159897) potently restricted
downregulation of Siglec-1 expression by Sialokinin | on both monocytes
and MDM:s. Collectively, our findings reveal a novel role for Sialokinin

I, which regulates Siglec-1 expression on monocytes/macrophages,
affecting human host immune response to CHIKV infection. Modulation of
Sialokinin | activity and neurokinin receptors may offer a new approach to
the design of anti-CHIKV therapy.

RISK FACTORS FOR INFECTION WITH CHIKUNGUNYA AND
ZIKA VIRUSES IN A COMMUNITY-BASED COHORT STUDY IN
SOUTHERN PUERTO RICO

Laura E. Adams’, Liliana Sanchez-Gonzalez', Robert Rodriguez
Gonzalez?, Kyle Ryff', Dania M. Rodriguez’, Chelsea Major’,

Emma M. Little!, Olga Lorenzi', Mark Delorey', Freddy A. Medina',
Manuela Beltran', Jorge L. Mufioz-Jordan', Stephen H. Waterman',
Marianyoly Ortiz?, Vanessa Rivera-Amill2, Gabriela Paz-Bailey’
'Division of Veector-borne Diseases, Centers for Disease Control and
Prevention, San Juan, PR, United States, ?Ponce Health Sciences University,
Ponce, PR, United States, 3Puerto Rico Vector Control Unit, San Juan, PR,
United States

Communities Organized for the Prevention of Arboviruses (COPA) is
a cohort study in southern Puerto Rico, initiated in 2018 to measure
arboviral disease risk and provide a platform to evaluate interventions.
Chikungunya virus (CHIKV) caused a large outbreak in Puerto Rico in
2014, followed by a Zika virus (ZIKV) outbreak in 2016. To identify risk
factors for infection, we assessed previous CHIKV infection and recent
ZIKV infection among COPA participants. Participants aged 1-50 years
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(y) were recruited from randomly selected households in study clusters.
Each participant completed an interview and provided a blood specimen,
which was tested by anti-ZIKV IgM MAC-ELISA assay and anti-CHIKV 1gG
ELISA assay. We assessed individual, household, and community factors
associated with a positive result for CHIKV or ZIKV after adjusting for
confounders. Preliminary results are presented. During 2018-2019, 3,422
participants were enrolled; 59% were female and median age was 30y
(IQR: 18-42). Among 3,176 participants tested for ZIKV, 462 (15%) had
evidence of recent infection. Infection risk increased with older age, from
7% among 1-10y olds up to 18% among 41-50y olds (OR 3.1; 95% Cl
1.9-5.1). Males had an increased risk of Zika infection compared with
females (OR 1.4; 95% CI 1.1- 1.7). Participants with home screens (OR
0.6; 95% Cl 0.5-0.8) and air conditioning (OR 0.6; 95% Cl 0.6-0.9) were
at lower risk for ZIKV infection compared to those without. ZIKV infection
also decreased with higher income and later recruitment dates. Among
1,542 participants tested for CHIKV, 491 (32%) had evidence of previous
infection. CHIKV infection did not differ by age or sex. Lower CHIKV
infection was associated with home screens (OR 0.5; 95% Cl 0.3-0.6) and
air conditioning (OR 0.5; 95% Cl 0.4-0.6). CHIKV infection also varied

by study cluster of residence, employment status, and insurance type.
Different infection patterns were observed for recent ZIKV infection and
previous CHIKV infection by age, sex, time of specimen collection, and
study cluster. However, the presence of screens and air conditioners in the
home decreased infection risk from both viruses by as much as 50%.

SAFETY AND IMMUNOGENICITY OF A REPLICATION
DEFICIENT SIMIAN ADENOVIRAL VECTORED CHIKUNGUNYA
VACCINE: A PHASE I, FIRST-IN-HUMAN, DOSE ESCALATION
TRIAL

Pedro M. Folegatti', Kate Harrison', Fernando Ramos Lopez',
Mark W. Tilley', Cesar Lopez-Camacho’, Young C. Kim', Lorena
Preciado-Llanes', Shannan L. Rossi2, lan Poulton’, Daniel Jenkin',
Mehreen Datoo’, Yrene Themistocleous', Alison Lawrie', Rachel
Roberts', Katie Ewer', Eleanor Berrie’, Adrian Hill', Arturo Reyes-
Sandoval’

'University of Oxford, Oxford, United Kingdom, 2University of Texas
Medical Branch, Galveston, TX, United States

Chikungunya virus (CHIKV) is an alphavirus, transmitted by Aedes
mosquitoes. The disease consists of an acute illness characterized by
fever, rash, myalgia and generally symmetrical, peripheral, and often
incapacitating polyarthralgia and/or polyarthritis, which lasts weeks to
months. The most cost-effective means of controlling the spread of CHIKV
is by vaccination. There is currently no licensed vaccine against CHIKV
and although there are several candidates in pre-clinical development,
only a few have entered clinical trials. Replication deficient vectors, as
opposed to recombinant replication competent live attenuated viruses,
avoid the risks of disseminated disease in immunocompromised hosts
while maintaining the advantages of native antigen presentation,
elicitation of T cell immunity and the ability to express multiple antigens.
We developed a chimpanzee adenoviral vector expressing the structural
polyprotein cassette of CHIKV (ChAdOx1 Chik) and conducted a Phase
I, first-in-human, clinical trial. Twenty-four participants received a single
intramuscular injection at 3 escalating doses in Oxford, UK. The trial is
now fully recruited and is expected to be completed within 6 months.
Preliminary data shows that ChAdOx1 Chik was well tolerated at all
doses with no serious adverse events related to the vaccine reported

to date. All local and systemic adverse events were self-limiting and
short-lived, although higher reactogenicity has been observed at the top
dose. A single unadjuvanted dose of ChAdOx1 Chik was immunogenic,
eliciting high neutralising antibody titres and an increase in antibody
levels was seen at D28 and D56 post vaccination compared to DO in all
groups. Responses against the structural CHIKV antigens show significant
increases in IFN-y levels, peaking at D14 post vaccination and there were
no significant differences in ELISpot responses between dosage groups.
The safety, cellular and humoral immunogenicity results up to 6 months
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post vaccination will be presented at the meeting. The results of this
trial support a subsequent Phase Ib clinical trial of ChAdOx1 Chik in an
endemic region.

ROBUST IMMUNOGENICITY OF 1- AND 2-DOSE SERIES OF
AN ADJUVANTED VLP-BASED CHIKUNGUNYA VACCINE

Sean R. Bennett’, Jason Mendy?, Lisa Bedell', Kelly L. Warfield3,
Paul Shabram?, Paul-Andre deLame®

'Emergent BioSolutions, Inc., Redwood City, CA, United States, 2Emergent
BioSolutions, Inc., San Diego, CA, United States, *Emergent BioSolutions,
Inc., Gaithersburg, MD, United States

Rapid and durable protection against Chikungunya is highly desired, but
currently no licensed vaccine exists. An unadjuvanted Chikungunya virus-
like particle (CHKV-VLP) candidate vaccine has previously demonstrated a
good safety profile and robust immunogenicity in phase 1 and 2 trials in
both CHKV-naive and CHKV-exposed adults. Here we report interim results
of a phase 2 trial of alum-adjuvanted CHKV-VLP. Healthy US adults 18 to
45 years of age (n=415) were given a 1- or 2-dose series at doses of 6 to
40 mcg over a 2- or 4-week period. Serum neutralizing antibody (SNA)
was assessed by a luciferase-based assay and 80% neutralization titers
(NT80s) were calculated. All regimens were well-tolerated, with mostly
mild or moderate injection site pain in 21% to 49% of subjects, and no
vaccine-related severe (Grade 3 or higher) or serious adverse events or
discontinuations. Seroconversion occurred in 74% to 98% of subjects by
7 days after 1 dose, and in all subjects by 28 days after the last dose (the
primary endpoint). Peak NT80s were similar to those seen after natural
CHKV infection. The immune response was persistent, with mean NT80s
of 196 to 457 through 6 months. Long-term follow-up is ongoing. These
findings strongly support the potential utility and continued development
of an alum-adjuvanted VLP-based vaccine for the prevention of CHKV
infection, including future studies in a wider age range.

CHIKUNGUNYA: PHASE 1 CLINICAL DEVELOPMENT OF A
SINGLE-SHOT LIVE-ATTENUATED VACCINE

Nina Wressnigg, Romana Hochreiter, Andrea Fritzer, Robert
Schlegel, Andreas Meinke

Valneva, Vienna, Austria

VLA1553 is a live-attenuated Chikungunya virus (CHIKV) vaccine
candidate designed for active immunization of the general population
living in endemic regions, as well as serving as a prophylactic measure
for travelers to endemic areas or areas at risk for an upcoming outbreak.
The replicating CHIKV vaccine comprises a deletion of 60 amino acids

in the nsP3 gene encoding the non-structural replicase complex protein
leading to attenuation of the virus in vivo. VLA1553 is based on the La
Reunion strain of the East Central South African genotype, is produced
in Vero cells and purified by centrifugation, ultrafiltration, batch-
chromatography and sucrose gradient centrifugation. In preclinical models
of CHIKV disease (mice and non-human primates) the vaccine candidate
demonstrated to be highly attenuated as evidenced by the absence of
clinical manifestations typically associated with wild-type CHIKV infections
in addition to strongly reduced viremia and inflammatory cytokine levels.
Moreover, VLA1553 was highly immunogenic, induced a strong and
long-lasting as well as protective neutralizing antibody response against
a high dose wild-type CHIKV challenge. A blinded, randomized phase

1 clinical study investigating the safety and immunogenicity of three
dose levels administered intramuscularly as a single-shot immunization
designed to elicit long-term immunological memory is currently ongoing
(NCT: NCT03382964). Initial blinded data across all dose groups up to
Day 28 after a single immunization showed an excellent immunogenicity
profile with 100% seroconversion rates (proportion of subjects achieving
a CHIKV-specific neutralizing antibody titer of NT50>20) and a high GMT
of 648. The safety profile is acceptable supporting further development:
no serious adverse events or adverse events of special interest occurred
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up to Day 28. Further analysis of safety and immunogenicity up to Month
6 including a homologous challenge will elucidate the optimal dose for
further development of the vaccine and at the same time provide an early
indication of efficacy paving the way to late stage clinical development.

VACCINATION WITH A TRYPANOSOMA CRUZI CYCLOPHILIN
19-DELETION MUTANT CONFERS COMPLETE PROTECTION
AGAINST ACUTE CHAGAS DISEASE IN MICE

Bijay Kumar Jha', Sanjay Varikuti', Nicholas Bishop', Gregory
Pedroso dos Santos?, Manjusha Kulkarni', Sergio Schenkman?,
Abhay Satoskar?, Bradford Scott McGwire!

The Ohio State University, Columbus, OH, United States, 2Universidade
Federal de Sdo Paulo, Estado de Sao Paulo, Brazil, *Universidade Federal de
Séo Paulo, Sao Paulo, Brazil

Human infection with Trypanosoma cruzi causes Chagas disease, a major
public health problem that affects up to 8 million people world-wide and
causes 10,000 deaths per year. Chronic infection with this parasite is the
leading cause of heart failure in Latin America. There are no therapeutic
or prophylactic vaccines for this infection, however they are urgently
needed since the incidence of Chagas is increasing and there are only two
drugs approved for treatment of the infection. Previously, we described
that T. cruzi the cis-prolyl isomerase, cyclophilin 19 (Cyp19), binds to

and neutralizes antimicrobial peptides promoting parasite survival and
potentiating parasite infectivity. We have also recently found that Cyp19
is expressed in and secreted by all parasite stages. In order to understand
the potential role of this protein in parasite virulence we generated a
double allelic deletion mutant in Cyp19. This mutant replicates slowly

in vitro and generates more abundant metacyclic trypomastigotes than
wildtype parasites. Mutant metacyclics are complement-resistant as

are wildtype parasites, but fail to infect host cells in vitro and cannot
establish a productive infection. High-dose inoculation of mutant parasites
does not produce infection in either immunocompetent A/J mice or in
immunocompromised STAT-17 and STAT-4”- mice which are normally
hyper-susceptible to T. cruzi infection. Importantly, despite the inability to
replicate in mice repeated inoculation produces escalating anti-parasite
immunity. These immunized mice are protected from developing tissue
parasitization, clinical infection and death from high-dose wildtype parasite
challenge. These results indicate that T. cruzi Cyp19 is important for the
infectivity of T cruzi and that this mutant parasite line is a promising
potential vaccine candidate for Chagas disease.

CHEMICAL CARTOGRAPHY OF HOST-PARASITE-MICROBIOME
INTERACTIONS REVEALS NEW MECHANISMS OF DISEASE
TOLERANCE IN AMERICAN TRYPANOSOMIASIS

Ekram Hossain?, Chaoyi Wu', Sharmily Khanam', Danya A. Dean’,
Adwaita Parab’, Shelley Kane', Karina Flores', Sharon Lostracco-
Johnson?, Diane Thomas?, Danyang Li3, Christine Woelfel-
Monsivais', Mitchelle Katemauswa', Camil Gosmanov’, Krithivasan
Sankaranarayanan', Laura-Isobel McCall'

'University of Oklahoma, Norman, OK, United States, *University of
California San Diego, La Jolla, CA, United States, *Beijing Normal
University, Beijing, China

American trypanosomiasis (Chagas disease) is a neglected parasitic
infection caused by Trypanosoma cruzi parasites. Over 7 million people
worldwide are T. cruzi-positive, but only 30-40% of infected individuals
will develop cardiomyopathy, megaoesophagus and/or megacolon. The
mechanisms leading to symptomatic Chagas disease are still poorly
understood, particularly for gastrointestinal (Gl) manifestations. To
address this issue, we implemented a novel integration of 3D mapping,
analytical chemistry (liquid chromatography-tandem mass spectrometry),
microbiome science and big data analytics (“chemical cartography”) to
systematically determine the local impact of T. cruzi infection throughout
the Gl tract, in a mouse model of Chagas disease. Increases in the

magnitude of disturbance in local tissue metabolism were observed in

the oesophagus and in the colon during the transition from acute to
chronic stage, while only limited impact on chronic-stage metabolism was
observed in the stomach and small intestine, sites not associated with Gl
Chagas symptoms. Infection also altered local microbiota composition and
diversity. Major infection-associated chemical differences include increases
in specific members of the acylcarnitine family of molecules, and changes
in short-chain acylcarnitine distribution. Based on these observations

and our prior data on acylcarnitine alterations in cardiac Chagas disease,
we then directly investigated the role of carnitine in Chagas disease
pathogenesis. Strikingly, treatment of infected mice with 1.3% carnitine
in drinking water prevented infection-related mortality with no changes in
parasite burden, indicating that carnitine supplementation induces disease
tolerance in Chagas disease. Overall, these results significantly expand

our understanding of Chagas disease pathogenesis, with potential for the
development of new therapeutic regimens. More broadly, these results
highlight the ability of chemical cartography approaches to provide insight
into tropical disease pathogenesis, with translational applications for
infectious disease drug development.

THE ROLE OF MONOCYTE MOBILIZATION IN RESPONSE
TO SAND FLY BITES IN INCREASED TRANSMISSION FROM
MAMMALIAN HOSTS TO THE SAND FLY VECTOR

Andrea Paun, Joanna G. Valverde, David L. Sacks

National Institute of Allergy and Infectious Diseases/National Institutes of
Health, Bethesda, MD, United States

Mammalian hosts in areas endemic for leishmaniasis can be exposed

to multiple and repeated bites from sand flies over a short period of
time. Previous work in our laboratory has shown that prior exposure of
Leishmania donovani-infected hamsters to sand fly bites results in an
increased rate of parasite transmission during subsequent exposure to a
new set of sand sand flies after 24 hours. By artificial feeding, parasites
could be picked up from both the skin and the blood, though only
transmissions from the blood correlated with the direct feeding. Building
upon these observations we describe a mobilization of monocytes,
including parasite-infected cells, neutrophils and lymphocytes into the
blood in the 24 hours following the fly bite. The magnitude and cellular
composition of this systemic response was found to differ between
naive and L. donovani-infected animals; monocytes being preferentially
mobilized in infected animals compared with a greater neutrophil response
in naive animals. These differences suggest that there is a host-vector-
parasite interaction that the parasite takes advantage of in order to
increase its potential transmission to new hosts. We are now utilizing L.
donovani-infected mice in order to gain a better understanding of the
mechanisms underlying the host response to vector bites that promotes
the cyclical transmission of Leishmania.

MYELOID AND LYMPHOID IMMUNE EXHAUSTION PROFILE
DURING MURINE VISCERAL LEISHMANIASIS

Diogo Valadares’, Richard E. Davis?, Ellen Kiser?, Mary Wilson'

'University of lowa, lowa City, IA, United States, *University of Utah, Salt
Lake City, UT, United States

Leishmaniasis is a chronic disease of reticuloendothelial organs that is
usually controlled by TH1-type CD4 T cells. Anti-microbicidal responses
are ineffective during disease progression, and it is reported that T cells in
humans and dogs with visceral leishmaniasis (VL) express markers of cell
exhaustion. We hypothesized that myeloid cells provide counter-receptors
for inhibitory receptors on T cells at the local sites of Leishmania infantum
infection, inhibiting T cell effector functions. We therefore examined
inhibitory receptors PD1, LAG3, CTLA4 and TIM3 on lymphoid cells, and
counter-receptors PDL1, MHCII, CD80 and Galectin 9 on myeloid cells
using flow cytometry, throughout 5 weeks of infection. In livers and
spleens of infected BALB/c mice, significant increases in myeloid cells
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expressing PD-L1 and lymphoid cells expressing PD-1 were detected. In
livers of infected mice, an increased population of neutrophils with DC
features (CD11c+MHCII+) expressing PD-L1 and IL-10 was also observed.
In all infected samples an increased DC subset with a reduced expression
of MHCII, CD80 and CCR7 and higher expression of Galectin 9, PD-L1 and
IL-10, suggesting a pro- T cell exhaustion profile of those cells in infected
mice. Furthermore, CD4 and CD8 T cells in infected mice expressed higher
levels of the exhaustion markers LAG3, CTLA4 and PD-1 than uninfected
mice, with greater proportions of CD8 than CD4 T cells in livers and blood
demonstrating the exhausted phenotype. Using PEPCK tetramers and
CD11b and CD49d surface markers to identify antigen (Ag)-experienced
cells, the majority of Ag-experienced CD8 T PD-1+ cells in liver and
spleens produced IL-10, whereas most Ag-experienced CD4 T PD-1+ cells
produced IFN-y at the time points studied[MW1] . The data suggest either
CD8 T cells assume an exhausted phenotype earlier than CD4 T cells, or
CD8 T cells are the predominant exhausted T cells. Data also suggest that
both DC and neutrophil subsets could represent a pro-exhaustion myeloid
population that may influence the unresponsiveness of lymphocytes in
infected tissues during visceral leishmaniasis.

SUBNATIONAL MAPPING OF UNDER-FIVE MORTALITY AND
ITS DETERMINANTS IN KENYA SINCE 1965

Peter M. Macharia', Emanuele Giorgi?, Pamela Thuranira’, Noel
K. Joseph', Benn Sartorius?, Robert W. Snow?, Emelda Okiro!

'Kenya Medical Research Institute-Wellcome Trust Research Programme,
Nairobi, Kenya, *Lancaster Medical School, Lancaster University, Lancaster,
United Kingdom, Public Health Medicine, School of Nursing and Public
Health, University of KwaZulu-Natal, Durban, South Africa, “Kenya Medical
Research Institute-Wellcome Trust Research Programme, Nairobi, Kenya
and Centre for Tropical Medicine and Global Health, Nuffield Department
of Clinical Medicine, University of Oxford, Oxford, United Kingdom

Kenya did not achieve MDG 4 despite substantial health funding and
significant declines in under five mortality (USM) since 2000. The launch
of SDG 3 to ensure healthy lives and wellbeing calls for approaches to
quantify variations in USM and its determinants at sub national units of
decision making to inform what interventions are needed and where
needed. We characterized spatio-temporal variation and inequalities in
child survival and its determinants since 1965 at decentralized health
planning units (counties) in Kenya. Household surveys and census data
undertaken between 1989 and 2015 were assembled and aligned to
the respective counties. Demographic techniques and Bayesian spatio-
temporal Gaussian process regression were applied to estimate annual
U5M per county between 1965 and 2015. Bayesian spatio-temporal
areal level models were applied to produce reliable estimates for key
determinants between 1990 and 2015 due to insufficient sample size

at county level. 23 surveys and 3 censuses were assembled between
1989 and 2015. Nationally, USM reduced by 62%, from 1965 to 2015.
However, the decline was heterogeneous ranging between 19% and
80% across the counties. Inequalities in child survival declined significantly
between counties but, disparities continued to persist by 2015. The
progress towards meeting international developments goals on U5M
was sub-optimal. The coverage of most the health interventions such as
household bed net coverage and Vitamin A supplementation increased
over time while major risk factors e.g. malaria risk declined. Changes
observed in intervention coverage and risk factors were uneven across
time and between counties with varying rates of change. These results
form a baseline for tracking local (county) targets under the decentralized
governance and the SDGs. In spite of significant progress made in child
survival, USM in Kenya remains high and heterogeneous across counties.
Focused allocation and targeted interventions are required to achieve
further improvement in child survival and continued decline in subnational
inequalities.

A SYSTEMATIC REVIEW OF PROACTIVE CASE DETECTION BY
COMMUNITY HEALTH WORKERS FOR THE MANAGEMENT
OF COMMON CHILDHOOD ILLNESSES

Caroline Whidden', Julie Thwing?, Julie Gutman?, Clemence
Leyrat’, Kassoum Kayentao?, Ari Johnson, Brian Greenwood’,
Daniel Chandramohan’

'London School of Hygiene & Tropical Medicine, London, United Kingdom,
2Centers for Disease Control and Prevention, Atlanta, GA, United States,
3University of Sciences Techniques and Technologies of Bamako, Bamako,
Mali, *University of California San Francisco, San Francisco, CA, United
States

Many low- and middle-income countries (LMICs) are scaling Community
Health Worker (CHW) programs as an evidence-based strategy to improve
child health, but the expected benefits are often not realized. Proactive
case detection by CHWSs may overcome barriers to access seen with a
conventional community-based approach. We systematically reviewed the
evidence of the effects of proactive case detection by CHWs in LMICs on
access to care, morbidity, and mortality for common childhood illnesses.
Published studies were identified via electronic health databases from
1978 to 2017. We included randomized, non-randomized, controlled
before-after, and interrupted time series studies and assessed their quality
for risk of bias. We reported measures of effect the same way study
investigators reported them and synthesized by outcomes of mortality,
disease prevalence, hospitalization, and access to treatment. We calculated
risk ratios (RRs) as a principal summary measure, with confidence

intervals adjusted for cluster design effect. We identified 14 studies

of 11 interventions from nine LMICs that met inclusion criteria. There

was considerable diversity in intervention design and implementation,
comparison, choice of outcomes, and study quality, which precluded meta-
analysis. There was low quality evidence that proactive case detection may
reduce neonatal (RR 0.43 - 1.07) and infant mortality (RR 0.52 - 0.94),
increase access to effective treatment (RR 1.24 - 1.29), and have little or
no effect on wasting and stunting (RR 0.61 - 1.16). There was very low
quality evidence that it may reduce mortality among children under five
years of age (RR 0.04 - 0.80), prevalence of infectious diseases (RR 0.06

- 1.02), hospitalization (RR 0.38 - 1.26), and increase access to prompt
treatment (RR 1.00 - 2.39). Proactive case detection by CHWs may reduce
child mortality, morbidity, and improve access to care. This review calls for
more rigorous study designs in operational research around proactive case
detection, standardization of outcomes and their measurement, and more
complete reporting of complex intervention design and implementation.

USING PARTNERSHIPS AND EXISTING SYSTEMS TO IMPROVE
THE QUALITY OF INTEGRATED SERVICES FOR SICK CHILDREN
AT PATENT AND PROPRIETARY MEDICINE VENDORS IN TWO

STATES IN NIGERIA

Kate E. Gilroy', Abimbola Olayemi?, Adedeji Onayade?, Olujide
Arije?, Miranda Gyang?, Felix Ogaga®, Chinwe Nweze®, Olusegun
Afolabi?, Abimbola Phillips?, Michel Pacqué'

"MCSP/SI, Washington, DC, United States, 2MCSP/JSI, Abuja, Nigeria,
3Institute of Public Health, Obafemi Awolowo University, lle-Ife, Nigeria,
4MCSP/JSI, Lokoja, Nigeria, MCSP/JSI, Abakaliki, Nigeria

Patent and Proprietary Medicine Vendors (PPMVs) are a significant source
of treatment for sick children in Nigeria, although concerns are widespread
that PPMVs provide poor quality services. The Maternal and Child Survival
Program, in close coordination with public and private state and national-
level stakeholders, worked to improve and assess the quality of integrated
community case management (iCCM) services for childhood malaria,
diarrhea, and pneumonia that PPMVs provide. The “Enhancing Quality
iCCM through PPMVs and Partnerships (EQuiPP)” approach supported 833
registered PPMVs to improve service quality in 4 local government areas in
Kogi and Ebonyi states through initial iCCM training and joint supervision,
with supervisors from the public primary health centers and peers within
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PPMV associations. Coordination with suppliers, wholesalers, and PPMV
associations aimed to improve the availability of essential commodities at
PPMV shops through market forces. To evaluate EQuIPP, we conducted
baseline (March 2018), midline (July 2018), and endline (November 2018)
assessments that included direct observation of services provided to sick
children with clinical re-examination and inventory audits at a sample of
176 PPMV shops in each assessment. EQuiPP improved the availability of
essential stocks: 30% of PPMV shops had rapid diagnostic tests (RDTs)

on the day of the survey at baseline, improving to 83% at endline. The
availability of artemisinin combination therapies, zinc and amoxicillin
dispersible tablets (AmoxDT) at PPMV shops improved by 20%, 52% and
91% points between baseline and endline, respectively. Among febrile
children, only 11% received an RDT to confirm malaria status at baseline,
compared to 95% at endline. The percent of children with cough and fast
breathing (suspected pneumonia) given AmoxDT was 0% at baseline and
66% at endline. EQuIPP is a promising approach to improve availability
of medications and quality of child health services at PPMV shops.
Improvements observed after initial training were sustained at endline;
future studies should examine trends in the quality of PPMV services over
longer periods.

PREVALENCE OF CHILD MARRIAGE IN RURAL BANGLADESH
AND ASSOCIATIONS WITH ADVERSE PREGNANCY
OUTCOMES

Kyu Han Lee’, Atique I. Chowdhury?, Qazi S. Rahman?, Sanwarul
Bari2, Shams El Arifeen?, Emily S. Gurley

Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United
States, 2ICDDRB, Dhaka, Bangladesh

Bangladesh has one of the highest rates of child marriage in the world
with an estimated 18% of girls married by the age of 15 and 52% married
by the age of 18. Early marriage is a primary health concern as they lead
to pregnancies in children and are associated with adverse pregnancy
outcomes and poor health outcomes among newborns. We used data
from an ongoing demographic surveillance system to examine annual
trends in child marriage in Baliakandi, a rural subdistrict of Bangladesh.
Further, we examined whether early pregnancies were associated with
adverse pregnancy outcomes. Starting in September 2017, we visited
households in Baliakandi every 2-4 months to identify pregnancy outcomes
and child deaths. Married women provided their marriage date through

a pregnancy history questionnaire. We used generalized estimating
equation models to examine the association between maternal age and

1) stillbirths or spontaneous abortions and 2) neonatal mortality among
singleton pregnancies. We identified a total of 49,794 marriages from
1990-2018. During this period, the proportion of marriages to children
decreased from 72% to 54%, largely due to a reduction among girls <13
years (23% to <1%). However, marriages among older adolescents (16-17
years) became more prevalent (17% to 29%) and a notable increase was
observed from 2017-2018 among girls 13-15 years (19% to 24%). In girls
<16 years, 13% of singleton pregnancies resulted in stillbirths compared
t0 8% in older adolescents and 6% in adults 18-34 years. Neonatal deaths
occurred in 1% of live births in girls <16 years compared to 6% in older
adolescents and 2% in adults. The odds of stillbirth and spontaneous
miscarriage were significantly higher among older adolescents (OR: 2.3,
95% Cl: 1.3-4.2) and the odds of neonatal death were significantly higher
among girls 16-17 (OR: 2.5, 95% Cl: 1.5-4.2). Although child marriage
has become less common among young girls, it remains common practice
for older adolescents. Given the associated risks with child health and the
Bangladesh government’s commitment to ending child marriage, regular
assessments should be made on legal protections against child marriage.

FACTORS ASSOCIATED WITH CONSENT FOR MINIMALLY
INVASIVE TISSUE SAMPLING (MITS) TO IDENTIFY THE CAUSE
OF DEATH FOR STILLBIRTHS AND CHILDREN UNDER THE AGE
5 IN BANGLADESH

Shahana Parveen’, Farzana Islam’, M. Saiful Islam?, Hossain M.
Sazzad', Farhana Hasnat Khan', Md. Al-Mamun’, Mahadi Hasan’,
Safiur Rahman?, Salim Reza', Sazzad Hossain Khan', Tonmoy
Sarkar’, Kamal Ione Chowdhury’, Dalia Yeasmin', Kyu Han Lee?,
Sanwarul Bari', Shams El Arifeen', Emily S. Gurley?

'International Centre for Diarrhoeal Diseases Research, Bangladesh
(icddr,b), Dhaka, Bangladesh, 2John Hopkins University, Baltimore, MD,
United States

Minimally invasive tissue sampling (MITS), is a post-mortem procedure, can
be used to determine the etiology of death, especially in countries with
sparse data. However, people often confuse MITS with full autopsies, and
many families may not provide consent for the procedure. Our objective
was to identify factors associated with MITS consent in the Child Health
and Mortality Prevention Surveillance study. From September 2017 to
March 2019, we identified stillbirths and deaths among children <5 years
in Baliakandi, a sub-district, Bangladesh, and approached their parents
for MITS consent. Consent rates were compared by family involvement
and maternal factors using 2. P-values <0.1 were considered meaningful
differences. Later, we conducted in-depth interviews with 39 families

to explore the factors that contributed their decisions about MITS. We
approached to the parents of 78 stillbirths and child deaths for MITS
consent and 35 (45%) of them agreed. Consent was more common
among parents when the deceased child was multiparous (56% vs. 39%,
p=0.080) and among parents who had a history of miscarriage and/

or child loss (67% vs 40%, p=0.051). We also found death type (57 %
stillbirth vs 40% child death, p=0.18) and mother or maternal relatives’
involvement in decision making (54% vs 36%, p=0.11) had some
influence on consent. In-depth interviews, all respondents mentioned that
they consented for MITS for the benefit of the society. Nearly two-thirds
of families who consented to MITS did so to learn the cause of death

and how to prevent it. The reported reasons for disagreement were an
aversion to needle punctures in the body (39%), a lack of attentiveness
to listen the content due to emotional vulnerability (30%) and a desire to
hurry home to begin burial activities (30%). Findings suggest that prior
child loss experience drove parents’ interest in learning why their child died
and for future prevention. Encouraging the mother and maternal relatives
to participate in the decision-making, psychological support and sharing
MITS result to families with further prevention measure may promote MITS
acceptance and thereby prevent further child mortality.

INVOLVING COMMUNITY VOLUNTEERS FOR REAL-

TIME IDENTIFICATION OF STILLBIRTHS AND UNDER-5
CHILD DEATHS IN A CHILD HEALTH PROGRAM IN RURAL
BANGLADESH

Abdullah Al Masud', Shahana Parveen’, Saiful Islam’, Faruge
Hussain', John Blevins?, Ahoua Kone?, Kyu Han Lee?, Qazi Sadeg-
ur Rahman', Palash Mutsuddi', Sanwarul Bari', Shams El Arifeen’,
Emily S. Gurley?

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

The Child Health and Mortality Prevention Surveillance (CHAMPS) Network
is ongoing at sites in 7 countries in Africa and south Asia, including in
Baliakandi, a rural sub-district in Bangladesh (population 220,000), that
aims to identify specific causes of stillbirths and deaths among children
under 5. CHAMPS uses minimally invasive tissue sampling (MITS) to
provide information about the cause of death. MITS must be conducted
shortly after death, before burial. Since many children die at home,
receiving death notifications in a timely manner is a major challenge.
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Therefore, 870 male and female community volunteers from 261 villages
within the CHAMPS surveillance site were recruited to quickly identify
stillbirths and deaths occurring in the community. Community volunteers
were oriented to CHAMPS activities, including information about MITS
procedure and were asked to report stillbirths and deaths of children
under 5 to CHAMPS hotline number. Community volunteers were paid
different amounts of incentives range from 0.5 to 2.3 USD for the each
notification they provided within 4 hours to 1 month. The amount of
which was inversely proportional to the elapsed time from the time of
death to notification. We analyzed data from the first 8 months of the
community volunteer engagement (August 2018 to March 2019) to
understand the effectiveness of involving community volunteers to notify
stillbirths and deaths of children under 5 in the community within a
timeframe to allow for MITS consent. Among the 254 death notifications
received by CHAMPS during the 8 month period, 98 (39%) notifications
were received from community volunteers. Among those, 37% were
received within 3 hours of death, 21% were received within more than

3 to 8 hours of death and 42% were received more than 8 hours after
death. Death or stillbirth occurred at home was 37%, occurred at heath
facilities was 54% and occurred on the way to the hospital was 9%. The
use of community volunteers to notify deaths in real-time was shown to
be a valuable approach that could be used in other public health programs
through proper motivation, incentives, periodical performance monitoring
and refresher training.

MINIMALLY INVASIVE TISSUE SAMPLING AMONG HOSPITAL-
BASED CHILD DEATHS IN BLANTYRE, MALAWI: THE ROLE OF
SOCIAL RELATIONSHIPS AND POWER DYNAMICS

Dave Mankhokwe Namusanya’, Sarah Lawrence?, Andrew
Hamuza', Cornelius Huwa3, Maureen Kelley?, Sassy Molyneux?,
Wieger Voskuijl®, Donna Denno?, Nicola Desmond?, Dennis
Chasweka?

'Malawi Liverpool Wellcome Trust, Blantyre, Malawi, 2University of
Washington, Seattle, WA, United States, *University of Malawi, College
of Medicine, Blantyre, Malawi, *University of Oxford, Oxford, United
Kingdom, *Global Health Child Group, Amsterdam University Medical
Care, University of Amsterdam, Amsterdam, Netherlands

Undernutrition is an underlying cause in almost 45% of child deaths
globally. Case fatality among children hospitalized with acute malnutrition
remains high even with guideline-based care. Cause of death (CoD) is
often unknown. Minimally invasive tissue sampling (MITS) using needles
to obtain post-mortem samples for histopathological and microbiologic
investigation is increasingly being utilized to improve child and adult CoD
attribution. “MITS in Malawi” employs standard MITS and a novel post-
mortem endoscopic intestinal sampling approach to better understand
CoD among children with acute illness and/or malnutrition enrolled in a
parent study who die during hospitalization. This formative study aimed
to understand sociocultural factors that may impact MITS acceptability in
this setting in Malawi. We conducted eight focus group discussions with
various hospital cadres and community members to explore attitudes
towards MITS and to inform consent process design. We used thematic
content analysis drawing on a conceptual framework developed from
prior MITS acceptability work. Social relationships at hospital, as well as

at community and individual levels, emerged as important factors likely to
inform MITS acceptability. Feelings of power over decision-making, trust in
healthcare systems facilitated by active involvement of caretakers in child’s
treatment, and content of communication about MITS were also important
dimensions informing acceptability. Other facilitating factors included

the potential for MITS to add CoD information to aid in sense-making of
death, to reduce witchcraft accusations in communities, and to contribute
to medical knowledge and new interventions. The findings informed how
we developed an appropriate and contextualised consent approach within
a hospital-based cohort study. They further highlight that understanding
social relationships and power dynamics within healthcare systems,
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community social and cultural contexts, and how MITS is placed within
existing parent studies are critical components to consider in consent
processes and acceptability of MITS in facility-based settings.

H-IPSE, A PATHOGEN-SECRETED HOST NUCLEUS-
INFILTRATING PROTEIN (INFILTRIN), HAS A LIMITED RANGE
OF TARGET CELLS

Olivia Lamanna’, Evaristus Mbanefo?, Keniji Ishida?, Luke
Pennington?, Theodore Jardetzky?, Franco Falcone*, Michael Hsieh'

'Children’s National Medical Center, Washington, DC, United States,
’Biomedical Research Institute, Rockville, MD, United States, 3Stanford
University, Stanford, CA, United States, “The University of Nottingham,
Nottingham, United Kingdom

IPSE (IL-4 Inducing Principle from Schistosoma mansoni Eggs) is one of the
most abundant egg secreted proteins of the Schistosoma parasite. IPSE
has been shown to interact with IgE on the surface of basophils to induce
IL-4 secretion, trigger Breg cell activation, and, as an infiltrin, translocate
into host cell nuclei to alter host transcription. This suggests that IPSE is
an important immunomodulator. IPSE binds to DC-SIGN and the mannose
receptor, suggesting it may have specific cellular receptors. Our objective
was to determine extracellular versus intracellular localization of H-IPSE

(a Schistosoma haematobium ortholog of IPSE) in various cell types.
H-IPSE variants H03 and HO6 were conjugated to Alexa-488 fluorophore
and incubated with urothelial, endothelial, immature dendritic (iDC),
hepatocyte, and neuronal cells. Flow cytometry was used to quantify

cells that were IPSE positive. Trypan blue (TB) quenching of extracellular
Alexa-488 was used to measure intracellular H-IPSE signal. When
urothelial, endothelial, and iDC cell lines were incubated with 2ug/mL of
HO3 for 24 hrs, the percentage of cells positive for intra/extracellular HO3
was 69, 46, and 90%, respectively. Upon TB quenching, intracellular signal
was 65, 42, and 84%, respectively. HO3 was internalized by hepatocytes
at a reduced rate and was not internalized by neurons. These results were
similar for both HO3 and HO6 regarding urothelial cells and iDCs. However,
HO6 was less efficient than HO3 in extra/intracellular localization with
endothelial cells. H-IPSE’s minimal internalization by hepatocytes suggests
that IPSE may not be hepatotoxic, contradictory to previous findings. Our
unpublished data showing that IPSE alleviates capsaicin receptor-mediated
pain, led us to postulate that IPSE acts through the capsaicin receptor on
nociceptive neurons. However, our findings indicate that IPSE does not
interact with neurons and is inducing its effects through an alternative
pathway. Additional research is underway on IPSE’s internalization
mechanisms to provide further insights into its therapeutic potential and
role in the pathogenesis of schistosomiasis.

VACCINATION WITH CATHEPSIN B USING A YS1646
SALMONELLA ENTERICA TYPHIMURIUM VECTOR PROTECTS
MICE AGAINST SCHISTOSOMA MANSONI CHALLENGE

Adam Hassan, Nicholas H. Zelt, Dilhan J. Perera, Brian J. Ward,
Momar Ndao

Research Institute of the McGill University Health Centre, Montreal, QC,
Canada

Schistosomiasis is among the most important neglected tropical diseases
and Schistosoma mansoni threatens hundreds of millions of people

in >50 countries worldwide. S. mansoni resides adjacent to mucosal
tissues as adult worms. Several candidate vaccines are in pre-clinical and
clinical development, but none is designed to elicit a mucosal response.
We have repurposed an attenuated Sa/monella enterica Typhimurium
strain (YS1646) to produce such a vaccine. We have initially targeted
cathepsin B (catB), a digestive enzyme important for both juvenile and
adult worms. Using a series of plasmid constructs that exploit the type
3 secretory system of Salmonella, the expression of catB was screened
in monomicrobial culture and in RAW 264.7 cells. Two strains bearing
promising promoter-secretory signal pairings were selected for in vivo
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evaluation (nirB_SspH1 and SspH1_SspH1). Female C57BL/6 mice were
immunized twice, 3 weeks apart. Serologic (IgG) responses to catB were
monitored by ELISA and, three weeks after the second dose, mice were
challenged with 150 S. mansoni cercariae. Mice were sacrificed 7 weeks
later to assess adult worm and egg burden (liver and intestinal tissue),
granuloma size and egg morphology. Responses were highest in the
animals immunized with the nirB_SspH1 YS1646 followed by catB IM.

All vaccinated animals had reduced worm and egg burden in both the
intestines and liver. In the nirB_SspH1 + catB IM group, the worm and
intestine/liver egg burden were reduced 93.1% and 79.5%/90.3%.
Granuloma size was reduced most significantly in the nirB_SspH1+ catB IM
group (34.74 + 3.35 um? versus 62.22 + 6.08 um? in the saline controls.
Many of the eggs in the granulomas of vaccinated animals had abnormal
morphology. Furthermore, preliminary data shows elevated cathepsin
B-specific IgA levels in mice immunized with the nirB_SspH1 strain.
Targeting the digestive enzyme catB using a multimodality approach elicits
both systemic and mucosal immune responses and provides protection
against S. mansoni challenge. These novel YS1646-vectored candidate
vaccines show considerable promise to address the need for a S. mansoni
vaccine.

USE OF BODIPY LABELLED ATP ANALOGUE IN THE
DEVELOPMENT AND VALIDATION OF A KINASE BINDING
ASSAY FOR SCREENING OF KINASE INHIBITORS

Bernardo Pereira Moreira', Tom Armstrong?, Izabella Cristina
Batista', Naiara Clemente Tavares', Camilla Valente Pires', Marina
de Moraes Mourao', Franco Falcone?, Lodewijk Dekker#
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4School of Pharmacy, Division of Biomolecular Science and Medicinal
Chemistry, University of Nottingham, Nottingham, United Kingdom

Human schistosomiasis is a neglected tropical disease that affects more
than 230 million people worldwide. It is caused by a parasitic trematode
that can survive for years or decades in the mammalian host. As a key
strategy to survive in the host, Schistosoma integrates specific extracellular
signals to generate an appropriate cellular response in order to inhibit or
modulate host immune responses. One of the families of proteins involved
in such processes are the eukaryotic Protein Kinases (ePK), which regulate
tissue-specific biological activities such as cell proliferation, differentiation
and survival. The primary catalytic function of PKs is based on the binding
of ATP and phosphorylation of specific substrates. Hence, the ATP binding
pocket is considered one of the main focuses for inhibitor design, with

an increasing number of inhibitors now approved as drugs. Based on

that information and considering the need for simple single-tool assay
technologies with which one could assess ‘all’ kinases, we developed a
fluorescence polarization-based assay to screen PKs against a library of
small molecules predicted to block its ATP binding site. We used BODIPY
ATP-y-S as probe to measure the shift in the polarization of a light beam
when passed through the sample. We were able to optimize the assay
using commercial Protein Kinase A (PKA) and H7 efficiently inhibited

the binding of the probe when added to the reaction. Furthermore, we
were able to employ the assay to validate in silico screening of a library

of more than 80000 small-molecule compounds predicted to dock into
the ATP binding site of PKA. Additionally, the assay was also employed to
assess the binding activity of heterologous S. mansoni c-jun N-terminal
kinase (JNK). Thus, this polarization assay is suitable to assess the binding
capabilities of PKs as well as to screen larger libraries of compounds that
may target PKs by blocking the ATP binding site.

HEADS OR TAILS? DIFFERENTIAL TRANSLATIONAL
REGULATION IN CERCARIAL HEADS AND TAILS OF
SCHISTOSOME WORMS

James R. Hagerty, Emmitt R. Jolly
Case Western Reserve University, Cleveland, OH, United States

Schistosomes are responsible for over 218 million cases of human
schistosomiasis in 78 countries. Infection occurs when free-swimming
cercariae penetrate host skin and initiate developmental progression

into adult worms. Transcriptomic studies of cercariae reveal abundant
mRNAs associated with energy metabolism and host invasion. However,
the cercaria is mostly transcriptionally quiescent, suggesting that most
mRNAs are primed prior to cercarial escape from the snail host. The use
of transcriptomics to understand protein functionality presumes that
transcription and translation are functionally coupled and the cercarial
stage has categorically been treated as a single unit for -omic analysis. Per
contra, the relationship between transcription and translation in infectious
cercariae has not been described. To understand the correlation between
transcription and translation in cercariae, we separately measured nascent
translation levels in cercarial heads, cercarial tails and in the developing
schistosomula, the next life cycle stage. The loss of the cercarial tail is
essential for the transformation from a cercaria to a schistosomulum.

We observed that translation increases during the first 72-hours after tail
loss and that translational inhibitors such as anisomycin had little effect
on the viability of the cercaria though some showed behavioral changes.
When we tested nascent translation in cercarial heads, cercarial tails, and
whole cercariae we found that translation is significantly upregulated in
the cercarial tail when compared to the cercarial head and that translation
was undetectable in heads using immunofluorescent image quantification
(p=.0005). These data represent a major shift in how we understand

the cercarial stage. The cercarial head is mostly transcriptionally and
translationally quiescent while being sufficient for progression into a
schistosomulum. In addition, transcription and translation are not linked in
S. mansoni cercaria. Thus, our current conceptual approach of treating the
cercaria as a single functional unit for -omic studies may be insufficient to
understand cercarial development.

COMPARING CATHEPSIN B VACCINE FORMULATIONS IN A
PRE-CLINICAL SCHISTOSOMIASIS MODEL

Dilhan J. Perera’, Adam Hassan', Yimei Jia2, Michael McCluskie?,
Risini Weeratna?, Momar Ndao'

'Research Institute McGill University Health Center, Montreal, QC, Canada,
’National Research Council Canada, Human Health Therapeutics Research
Center, Ottawa, ON, Canada

Schistosomiasis (Schisto) is one of the most important helminthic parasitic
diseases in the world with >700 million people at risk, and >200 million
infected. Liver cirrhosis can also occur, due to egg deposition and
granuloma formation in hepatic tissues. Our lab has shown effective
vaccine candidates using Schistosoma mansoni cathepsin B (SmCB) as

an antigen (Ag) in combination with either CpG dinucleotides (CpG) or
Montanide ISA VG 720 (Montanide), reducing parasite burden up to
70% in initial formulations. The goal of this project is to screen other
vaccine adjuvants and test their ability to protect from a S mansoni
infection. Seven vaccine formulations were tested in a mouse model of
schisto, each consisting of 20 ug of recombinant SmCB protein with
adjuvant. The adjuvants tested included Montanide, aluminum hydroxide
(alum), alum/CpG, sulfated lactosyl archaeol archaeosomes (SLA), and
alum/monophosphoryl lipid A (alum/MPL). After immunization, vaccines
formulated with Montanide, and alum/CpG demonstrated the highest Ag-
specific total IgG titers as well highest IgG2c antibodies. Vaccine groups
SLA, and alum/MPL produced the highest Ag-specific IgG1 antibodies.
Previous data suggests that mixed antibody response, IgG1 and IgG2c,
results in higher parasite reduction upon challenge. After challenge,
adult worm reductions of 78.9%, 68.5%, and 68.5% were found in the
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Montanide, SLA, and Alum/MPL groups respectively. Hepatic eggs were
reduced the greatest by Montanide (75.5%), SLA (59.2%), and Alum/
MPL (78.7%), and intestinal eggs were reduced the greatest by Montanide
(78.9%), SLA (77.1%), and Alum/MPL (77.7%). The data obtained
suggests that a vaccine formulated with several of the adjuvants tested
could surpass the WHO's minimum threshold of 40% for an effective
vaccine.

THE HUMAN TELOMERASE REVERSE TRANSCRIPTASE,
HTERT IS ABSENT IN SCHISTOSOMA MANSONI: EFFECT OF
INFECTION AND DRUG TREATMENT ON GENE EXPRESSION
OF THE BIOMPHALARIA GLABRATA ORTHOLOG IN THE
HOST-PATHOGEN RELATIONSHIP

Nana Adjoa Pels, Swara Yadav, Olayemi Akinyele, Freddie Dixon,
Carolyn Cousin, Matty Knight

University of the District of Columbia, Washington, DC, United States

The human telomerase reverse transcriptase, commonly known as hTERT,
is the vital catalytic sub-unit of telomerase. Together with telomerase
RNA, the enzyme complex plays a significant role in the maintenance of
telomeres at the ends of chromosomes. Regulation of hTERT is closely
linked to cell growth states governing either malignancy or senescence.
For this reason, hTERT is a target in developing anti-cancer therapy to
block elevated hTERT activity in order to inhibit cell proliferation in cancer.
We recently hypothesized that malignant cancer is a parasite in its host
and, therefore, the snail host/parasite relationship serves as a good animal
model to examine the regulation of cancer related transcripts, including
the snail homolog of hTERT in the Biomphalaria glabrata/Schistosoma
mansoni animal model. To test this hypothesis, we utilized an in silico
approach to identify the snail hTERT ortholog. The human hTERT amino
acid sequence was identified and utilized to interrogate the B. glabrata
genome in NCBI. Results revealed a significant match with a B. glabrata
hTERT ortholog (E-value of 2e-* Further searches using the compatible
parasite Schistosoma mansoni of B. glabrata as the query showed that
unlike the snail host, the parasite lacks an hTERT ortholog. To determine
the regulation of the snail hTERT ortholog in relation to the host-pathogen
relationship, Gene Specific Primers were utilized for end- point PCR
analysis. Results revealed the amplification of a 400bp amplicon at 2hr
post- exposure of B. glabrata to S. mansoni miracidia. In addition, from
real time gPCR analysis, results showed that the transcript encoding the
snail hTERT ortholog was upregulated in B. glabrata at 2hr post-exposure
to S. mansoni. To further validate whether hTERT plays a role in the snail
host:schistosome relationship an anti-telomerase drug BPPA was utilized
to block schistosomiasis in the snail host. Other anti-telomerase drugs are
being evaluated in the snail-schistosome interaction to test the hypothesis
that this host-pathogen relationship is a good model to study malignant
cancer as a parasitic disease.

DUAL TRANSCRIPTOMICS PROFILING OF THE MOUSE
BLADDER WALL INJECTION MODEL OF SCHISTOSOMA
HAEMATOBIUM INFECTION

Keniji Ishida', Evaristus Mbanefo', Nirad Banskota', James Cody",
Loc Le', Neil Young?, Michael Hsieh'

'Biomedical Research Institute, Rockville, MD, United States, *The
University of Melbourne, Victoria, Australia

Schistosoma haematobium parasitic flatworms have been estimated to
infect over 100 million people. Symptoms include bloody urine, bladder
pain, and other bladder dysfunction, and the infection is also associated
with the development of bladder cancer. Additionally, animal models

to study bladder pathology associated with Schistosoma haematobium
infection are limited. Here, we use the mouse bladder wall injection model
to profile the transcriptome of both the host bladder and parasite eggs to
better understand the genes and pathways associated with the infection.
We injected 6000 S. haematobium eggs into the bladder wall of BALB/c
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mice and performed RNA-seq on the egg-injected bladders after 4 days.

In conclusion, we found 325 differentially expressed host mouse genes

(p < 0.05) involved in 82 regulatory/signaling pathways when comparing
egg-injected bladders with vehicle-injected control bladders. Top pathways
include cell migration and fibrosis. Further experiments are planned to
identify differences in the transcription profile of the parasite eggs.

THE INTERRUPTION OF TRANSMISSION OF ONCHOCERCIASIS
BY AN ANNUAL MASS DRUG ADMINISTRATION (MDA)
PROGRAM IN PLATEAU AND NASARAWA STATES, NIGERIA

Frank O. Richards', Abel Eigege?, John Umaru?, Barminas
Kahansim?, Solomon Adelamo?, Jonathan Kadimbo?, Jacob
Danboyi¢, Hayward Mafuyais, Yisa Saka¢, Chukwuma Anyaike®,
Michael Igbes, Lindsay Rakers', Emily Griswold', Thomas Unnasch’,
Bertram E. Nwoke8, Emmanuel Miri

'The Carter Center, Atlanta, GA, United States, The Carter Center, Jos,
Nigeria, *Plateau State Ministry of Health, Jos, Nigeria, “Nasarawa State
Ministry of Health, Lafia, Nigeria, *University of Jos, Jos, Nigeria, ®Federal
Ministry of Health, Abuja, Nigeria, "University of South Florida, Tampa, FL,
United States, 8lmo State University, Owerri, Nigeria

The 30 districts (Local Government Areas-LGAs) of Plateau and Nasarawa
states, located in central Nigeria, have received annual mass drug
administration (MDA) with ivermectin for onchocerciasis for a period

of 8-26 years. Depending on the LGA, during 8- 11 of these years
ivermectin was combined with albendazole as treatment for lymphatic
filariasis. Serial assessments during this time in hypermesoendemic sentinel
villages showed reduction of onchocerciasis prevalence to near zero.

In 2017 serological and entomological assessments were undertaken

to determine if MDA could be stopped in accord to World Health
Organization onchocerciasis elimination guidelines. Bistate evaluations
were conducted in 39 sites located in 22 of the 30 LGAs. The sites selected
for assessments were ‘first line villages' locate near rivers and having
conditions favoring Simulium vector breeding. IgG4 response to the OV16
antigen was determined by ELISA in 5-<10 year old resident children.
Simulium damnosum s.|. collected in or around those same villages either
by human landing capture or by Esperanza trap were tested by PCR for
determination of the presence of infective Onchocerca volvulus L3 larvae.
Only 2 (0.03%) of 6,262 children tested were positive. A total of 19,056
vectors heads were tested in pools of 100 flies and were PCR negative.
Both states met WHO guidelines of an infection rate in children <0.1%
(with 95% confidence) and the rate of infective black flies of <1/2000
(with 95% confidence). The Federal Ministry of Health concluded that
transmission of onchocerciasis has been interrupted and approved halting
2.2 million ivermectin treatments in 2018. Post Treatment Surveillance was
immediately launched with an emphasis on entomological collections near
borders with other onchocerciasis endemic states still being treated. This
was the first stop MDA decision for onchocerciasis in Nigeria and among
the largest reported to date. The apparent positive impact of LF treatments
on hypoendemic onchocerciasis areas will be discussed.

RESURGENT LYMPHATIC FILARIASIS IN THE SAMOAN
ISLANDS: TIME FOR CHANGE IN SURVEILLANCE STRATEGIES
AND THRESHOLDS FOR VALIDATION OF ELIMINATION?

Colleen L. Lau’, Sarah Sheridan?, Therese Kearns?, Take Naseri¢,
Robert Thomsen4, Saipale Fuimaono®, Tautala Mauala, Helen
Mayfield’, Brady McPherson’, Kelley Meder', Gabriela Willis',
Benjamin Dickson', Meru Sheel', Kimberly Won?, Katherine Gass?,
Patricia Graves®

Australian National University, Canberra, Australia, *University of New
South Wales, Sydney, Australia, *Menzies School of Health Research,
Darwin, Australia, *Samoa Ministry of Health, Apia, Samoa, >American
Samoa Department of Health, Pago Pago, American Samoa, Samoa Red
Cross, Apia, Samoa, "Centers for Disease Control and Prevention, Division
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of Parasitic Diseases and Malaria, Atlanta, GA, United States, Task Force
for Global Health, Atlanta, GA, United States, °James Cook University,
Cairns, Australia

Samoa and American Samoa, two adjacent South Pacific island groups,
had high circulating filarial antigen (Ag) prevalence (4.5% and 16.5%
respectively) in 1999, when baseline surveys were conducted through

the Pacific Programme to Eliminate Lymphatic Filariasis (LF). After 6-7
rounds of mass drug administration (MDA) with diethylcarbamazine (DEC)
and albendazole from 1999-2006 with reported adequate population
coverage, Ag prevalence in all ages reduced to 1-2%. American Samoa
passed two Transmission Assessment Surveys (TAS) of 6-7 year-old children
in 2011 & 2015. Samoa conducted four additional MDA rounds during
2008-2017, and passed TAS in two of three evaluation units (EUs) in 2013,
but failed TAS in all EUs in 2017. Population representative household
surveys found that overall Ag prevalence had risen to 6.2% (95% ClI
4.5-8.6%) in American Samoa in 2016, and 4.9% (95% Cl 4.0-5.9%)

in Samoa in 2018. Ag prevalence in 6-7 year-old children was 0.7 %

(95% C10.3-1.8%) and 1.5% (95% CI 1.0-2.1%) respectively, indicating
ongoing transmission. Overall, 15-25% of Ag-positive (Ag+) persons
were microfilaraemic, including children as young as 5 years. Ag+ persons
were identified throughout American Samoa (2016) and Samoa (2018) in
all EUs, but village-level Ag prevalence varied significantly, ranging from
0% to 45%. Significant household clustering of Ag+ persons was found
in both Samoas. The results indicate that neither Samoa nor American
Samoa had interrupted transmission by 2011-2013 despite passing TAS
thresholds, and both are now experiencing resurgence. In areas with
highly efficient vectors (e.g. Polynesia), programmatic guidelines may need
to be revised to ensure interruption of transmission is sustained. Potential
strategies include: 1) reducing Ag prevalence thresholds for stopping MDA
and validating elimination; 2) because Ag prevalence increases with age,
increasing the target age groups for surveillance to improve the sensitivity
for detecting any residual transmission; and 3) screening household
members of Ag+ persons. Both Samoas are implementing nationwide
triple drug MDA (DEC, albendazole, ivermectin) in 2018-2019.

ANNUAL VERSUS SEMI-ANNUAL MASS DRUG
ADMINISTRATION WITH DIETHYLCARBAMAZINE PLUS
ALBENDAZOLE FOR ELIMINATION OF LYMPHATIC FILARIASIS
IN EAST SEPIK PROVINCE, PAPUA NEW GUINEA

Michael C. Payne’, Philip Lus?, Nelly Sanuku?, Brooke Mancuso’,
James Suamani?, Delma Beaso?, Gary J. Weil?, Peter U. Fischer?,
Moses Laman?, Leanne J. Robinsons, Daniel J. Tisch!, Christopher
L. King'

'Case Western Reserve University, Cleveland, OH, United States, *Papua
New Guinea Institute of Medical Research, Maprik, Papua New Guinea,
3Washington University School of Medicine, St. Louis, MO, United States,
“Papua New Guinea Institute of Medical Research, Goroka, Papua New
Guinea, °Burnet Institute, Melbourne, Australia

Papua New Guinea (PNG) has over 5.4 million people at risk of

lymphatic filariasis (LF) with some of the highest infection rates in the
world. Modeling studies based on data from Ghana and India suggest
that semi-annual mass drug administration (MDA) could accelerate LF
elimination. The aim of this study was to compare the impact of annual
and semi-annual MDA for clearance of microfilaremia (Mf) and circulating
filarial antigen (CFA) in highly endemic areas in PNG. Repeated annual
cross-sectional surveys were conducted in 8 sentinel villages (~300-400
individuals/site) in the Dreikikir District, East Sepik Province; 4 sentinel sites
in communities received semi-annual MDA with DEC plus albendazole
(ALB) at 6 month intervals for 3 years (total of 5 rounds), and 4 sentinel
sites received 3 rounds of annual MDA with the same medications.

Filarial test strips (FTS) evaluated the presence and levels of CFA and Mf
was assessed by microscopic examination of 60 pl night blood smears.
Approximately 1,400 persons were surveyed for each treatment area each
year. Baseline Mf and CFA prevalence were similar in annual and semi-
annual MDA communities (26% Mf+ and 51% CFA+ vs. 26% Mf+ and

53% CFA+). Clearance of Mf and CFA was assessed annually for 3 years
after baseline. Mf prevalence decreased dramatically over 3 years from
26% to 0% after annual MDA and from 26% to 0.3% after semi-annual
MDA. Declines in CFA prevalence were also comparable (from 51% to
29% after annual MDA, and 53% to 35% after semi-annual MDA).

In conclusion, MDA with DEC + ALB was highly effective for clearing
microfilaremia from communities but less effective for clearing CFA.
Additional work is needed to understand the significance of persistently
high CFA prevalence in these communities. Semi-annual MDA was not
superior to annual MDA. We recommend that LF elimination programs
conserve resources by focusing on delivery of a single round of high quality
MDA per year.

ONCHOCERCIASIS ELIMINATION IN LOW-ENDEMIC
SETTINGS: MATHEMATICAL MODELLING TO ASSESS THE
REQUIRED DURATION OF MASS DRUG ADMINISTRATION OF
IVERMECTIN

Wilma A. Stolk, Anneke S. De Vos, David J. Blok, Luc E. Coffeng,
Sake J. De Vlas

Erasmus MC, Rotterdam, Netherlands

Onchocerciasis is targeted for elimination in Africa by mass drug
administration (MDA) of ivermectin. Many low-endemic areas have not
yet been treated, as MDA programmes historically focussed only on meso-
and hyperendemic areas for morbidity control. We used the ONCHOSIM
simulation model to assess how many rounds of MDA are needed to
eliminate onchocerciasis from low-endemic areas. We simulated annual
MDA for settings with 0%-40% baseline microfilaria (mf) prevalence and
varying local transmission conditions (annual biting rate, inter-individual
variation in exposure to flies, and rate of infection importation from other
areas). The number of MDA rounds to bring mf prevalence below 1.4%
(the assumed critical threshold) depends on baseline endemicity, coverage,
trends in infection importation, and the stability of transmission without
importation. If importation rates remain constant until the start of MDA,
it would take 5, 11, 14 and 15 annual MDA rounds, respectively, to
reduce mf prevalence to <1.4% in areas with 0-10%, 10-20%, 20-30%
and 30-40% baseline mf prevalence. Shorter durations are expected if
the importation rates start declining before introducing MDA, thanks to
treatment in surrounding areas. In some areas, infection transmission can
only persist thanks to importation from surrounding higher-endemic areas.
Treating the surrounding areas - leading to reduced importation - is then
sufficient for elimination, although elimination can be accelerated by also
treating the low-endemic area. In conclusion, the number of MDA rounds
required to eliminate onchocerciasis from hypo-endemic areas varies
strongly. Under some conditions as many as 15 annual MDA rounds may
be required to bring mf prevalence below the assumed <1.4% threshold,
and acceleration strategies may have to be considered (e.g. treating
biannually). The assumed 1.4% threshold is subject to uncertainty. The
actual threshold depends on local transmission conditions, and further
work is needed to understand where more lenient threshold can be used
or more stringent threshold are needed.

FEASIBILITY OF ONCHOCERCIASIS ELIMINATION USING
A “TEST-AND-NOT-TREAT” STRATEGY IN LOA LOA CO-
ENDEMIC AREAS

David J. Blok', Joseph Kamgno?, Sebastien D. Pion?, Hughes

C. Nana-Djeunga?, Yannick Niamsi-Emalio?, Cedric B. Chesnais?,
Charles D. MacKenzie?, Amy D. Klion®, Daniel A. Fletcher?, Thomas
B. Nutman?®, Sake J. de Vlas', Michel Boussinesq?, Wilma A. Stolk!
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Tropical Diseases (CRFilMT), Yaoundé, Cameroon, 3IRD UMI #33-INSERM
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MD, United States, ®Department of Bioengineering and the Biophysics
Program, University of California, Berkeley, CA, United States

Mass drug administration (MDA) with ivermectin is the main strategy

for onchocerciasis elimination. Ivermectin is generally safe, but has

been associated with serious adverse events in persons with high
microfilarial densities (MFD) of Loa loa. Therefore, ivermectin MDA is not
recommended in areas where onchocerciasis is hypoendemic and L. /oa
is co-endemic. To eliminate onchocerciasis in those areas, a test-and-not-
treat (TaNT) strategy has been proposed. Using the Loascope, a mobile
video-microscope, people with high L. Joa MFD can be identified and
excluded from ivermectin treatment. While TaNT was successfully piloted
in Cameroon, it remains unclear whether onchocerciasis elimination is
possible using this strategy. We used the established individual-based
model ONCHOSIM to assess whether onchocerciasis can be eliminated
using TaNT in L. /oa co-endemic areas and what the required duration
until elimination would entail in comparison to MDA. We simulated
pre-control onchocerciasis microfilarial prevalence (MFP) levels ranging
from 1-50%. The impact of TaNT was simulated under varying levels

of participation rate, systematic non-participation and exclusion from
ivermectin due to high L. loa MFD. We predict that in areas with a pre-
control MFP of 30-40% it normally takes around 10 and 14 years to
bring onchocerciasis MFP below 1.4% using MDA, if the participation
rate is 80% and 65%, respectively. These durations would increase

with about 1 year, if 2.5% of the population is randomly excluded from
ivermectin treatment due to TaNT. This increase can be up to about 5
years if systematic non-participation is assumed, and if participation rates
are lower and pre-control MFP higher. Although the chosen elimination
threshold is provisional, our model predicts a high probability of achieving
true elimination after reaching this threshold. In conclusion, onchocerciasis
can be eliminated using TaNT in areas co-endemic for L. loa. The required
treatment duration of TaNT until elimination is only slightly longer than in
areas with MDA, if participation is good.

ENVIRONMENTAL FACTORS ASSOCIATED WITH
CONTRASTING GEOGRAPHICAL DISTRIBUTIONS AND
HOTSPOTS OF ONCHOCERCIASIS AND LOIASIS IN KONGO-
CENTRAL, DEMOCRATIC REPUBLIC OF CONGO

Xavier Badia-Rius, Hannah Betts, Louise A. Kelly-Hope
Liverpool School of Tropical Medicine, Liverpool, United Kingdom

Onchocerciasis and loiasis are important filarial diseases in the Democratic
Republic of Congo (DRC), and the Kongo-Central region has shown to
have contrasting geographical distributions, which may be driven by

the ecological niche of the Simulium and Chrysops vectors. To better
understand environmental factors associated with geographical patterns
and potential hotspots, REMO and RAPLOA survey data from 335 villages
available from the ESPEN portal were examined. Maps were developed
using ArcGIS 10.5.1 and prevalence distributions examined for spatial
clustering using the Getis Ord Gi* statistic. Environmental factors including
annual mean temperature (°C), annual precipitation (mm), elevation (m),
tree canopy coverage (%) and tree canopy height (m) were obtained

from publicly available sources, and data extracted for each village and
analysed using statistical methods with a significance level of P < 0.05.
Overall, mean environmental measures for both diseases were similar
(temperature 31.6-32.1°C; precipitation 1287-1290mm, elevation
23.5-23.7m, canopy coverage 30.2-32.7%, canopy height 7.3-11.3m).
Prevalences were found to be positively correlated with temperature,

and negatively with precipitation. However, onchocerciasis prevalence
was significantly negatively correlated with canopy coverage (r=-0.30)
and canopy height (r=-0.16), whereas loiasis was significantly positively
correlated with coverage (r=0.50) and height (r=0.26). For onchocerciasis,
86 villages were identified as hotspots and clustered near the Congo River
with mean temperature 28.2°C; precipitation 1184mm, elevation 22.0m,
canopy coverage 16.4%, and canopy height 5.6m. In contrast for loiasis,
57 villages were identified as hotspots and clustered in the forested region
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with mean temperature 24.7°C; precipitation 1165mm, elevation 18.5m,
canopy coverage 63.6%, and height 13.4m. This study provides insights
into the environmental parameters of transmission, which may help to
delineate high and low risk, and target intervention strategies for filariasis
control and elimination.

EVALUATION OF RESPONDENT-DRIVEN SAMPLING TO
ESTIMATE LYMPHATIC FILARIASIS MORBIDITY BURDEN IN
HAITI

Alexia Couture!, Luccene Desir', Ernest Jean Romuald’, Madsen
Beau De Rochars?, Brittany Eddy’, Karen E. Hamre3, Michelle

A. Chang?, Katherine M. Gass*, Caitlin M. WorrelP, Jean Frantz
Lemoine®, Gregory S. Noland'
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“Neglected Tropical Diseases Support Center, Task Force for Global Health,
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More than 36 million people suffer from lymphatic filariasis (LF)-related
limb swelling (lymphedema) or urogenital swelling (hydrocele). The World
Health Organization requires LF-endemic countries to document the
number of lymphedema and hydrocele cases in all historically endemic
districts, yet there is no agreed methodology for assessing morbidity
burden. Case reporting is hindered by the social stigma and isolation
associated with LF. Respondent driven sampling (RDS) is a method
developed for accessing hidden populations through recruitment of

a limited number of starting ‘seeds’ followed by successive waves of
participant referral. We evaluated the feasibility of RDS for estimating LF
morbidity burden in four districts in Haiti classified as high, medium or low
burden based on baseline antigen prevalence at mapping in 2001 (range:
1%—44%). We compared RDS burden estimates with those derived from
recent cross-sectional household surveys (HHS) conducted in the same
areas. From July 2018-January 2019, approximately 20-25 individuals per
condition (lymphedema or hydrocele) identified from local health facility
records were enrolled as seeds and asked to refer others in the community
with the same condition. A total of 179 confirmed lymphedema cases
(52% male) and 238 hydrocele cases (100% male) were enrolled through
RDS across four districts. The number of referral waves directly correlated
with antigen prevalence classification for both lymphedema (r?=0.88) and
hydrocele (r?=0.97). Surprisingly, a greater number of waves were achieved
for hydrocele than for lymphedema in every district. District-level RDS
prevalence estimates calculated with successive sampling - population size
estimation (SS-PSE) and a flat prior ranged from 0.2% (95% Cl: 0.15%—
0.21%) t0 1.4% (95% Cl: 0.4%—2.1%) for lymphedema and from 0.4%
(95% Cl: 0.20%—0.50) to 1.5% (95% Cl: 0.7%—1.9%) for hydrocele.
The 95% confidence intervals for RDS and HHS overlapped in three of
four districts for hydrocele, but only one or four districts for lymphedema.
Results suggest that RDS may offer a viable option to efficiently obtain LF
morbidity burden data.

HEALTH CARE PROVIDERS AND CAREGIVERS’ VIEWS ON
THE FEASIBILITY, USABILITY AND ACCEPTABILITY OF LUNG
ULTRASOUND FOR DIAGNOSING PEDIATRIC PNEUMONIA IN
MANHICA DISTRICT, MOZAMBIQUE

Olga Cambaco

Manhica Health Research Centre, Vila da Manhica, Mozambique

In Mozambique, pneumonia is a leading cause of death among children
under 5 years of age, yet its diagnosis remains a challenge. Although chest

radiography (CXR) remains the recommended diagnostic method, existing
evidence from other suggests that CXR it is often unavailable, costly and

astmh.org



28

exposes children to hazardous radiation. Lung ultrasonography (LUS) is

a promising diagnostic method due to its high sensitivity in detecting
diseases such as pneumonia. This is the first study to date to explore the
anticipated acceptability and usability of LUS for diagnosing pediatric
pneumonia among health care providers and caregivers in Mozambique.
We conducted a qualitative study in the Manhica district Hospital (MDH),
in southern Mozambique, from April to May 2018. Semi-structured
interviews were conducted among health care providers (10) and
caregivers (10) combined with direct observations of ultrasound utilization.
Data were analysed following a combination of content and thematic
analysis. This study showed a high level of acceptability of LUS among
caregivers and health care providers in our setting. We identified the
following acceptability factors: LUS is perceived to be precise to diagnose,
portable, easy to use, and non-invasive. Despite this, participants expressed
some reservations. Caregivers were concerned with battery life limitation
and device's susceptibility to dropping and breaking down. On the other
hand, health care providers were concerned about the potential cost of
the devices, poor conservation and management and the language of the
software. These findings anticipate potential reasons for acceptability and
advances recommendations to overcome the perceived limitations that are
important to take into account prior to any future implementation of LUS
for pneumonia diagnosis.

AWARENESS AND WILLINGNESS TO USE PREP AMONG
FEMALE SEX WORKERS IN DAR ES SALAAM

Diana Faini', Mucho Mizinduko', Samuel Likindikoki', Alexander
Mwijage', Melkizedeck Leshabari', Neema Makyao?, Kare Moen3,
Germana H. Leyna', Claudia Hanson¢, Patricia Munseri’, Elia J.
Mbagga'

'"Muhimbili University of Health and Allied Sciences, Dar es Salaam, United
Republic of Tanzania, *National AIDS Control Program, Dar es Salaam,
United Republic of Tanzania, *University of Oslo, Oslo, Norway, *Karolinska
Institutet, Stockholm, Sweden

Tanzania is implementing a demonstration project on pre-exposure
prophylaxis (PrEP) to female sex workers (FSW) whose HIV prevalence

is five times higher than the general population. While PrEP has
demonstrated to be an effective biomedical intervention in reducing

HIV incidence, no data is available on the extent of PrEP awareness and
willingness to use among FSW in Tanzania. Understanding the level of
awareness, the extent of willingness to use PreP and identifying factors
associated with PrEP awareness could inform the ongoing country efforts
to roll-out PrEP. FSWs were recruited in the integrated bio-behavioral
surveillance in December 2017 using responded-driven sampling method.
Face-to- face interviews were conducted to collect information on
awareness and willingness to use PreP as well as factors associated with
PreP awareness. Weighted bivariate and multivariable logistic regression
models were used to estimate factors associated with PrEP awareness.
We recruited 958 FSW, their median age was 26 (IQR 22-32) years.
Among self- reported HIV negatives(n=751), 228 (31%) reported having
heard of PrEP. PrEP awareness was higher among those aged 25 years

or more compared to 18-24 years (33% vs 26%, P=0.02), but did not
differ by education levels [none/primary vs secondary/tertiary (24% vs
30%, P=0.26)]. Contact with peer educator in the past 12 months (aOR
1.48,95%Cl 1.06-2.06), HIV testing at a health facility (@OR 1.65, 95%Cl
1.03-2.66) or research project (@aOR 3.41, 95%Cl 1.74-6.68) compared
to testing in the community were strongly associated with higher PrEP
awareness.Substance use (aOR 0.64, 95%CI 0.41-1.00) and having >10
partners in the past month (aOR 0.65, 95%CI 0.43-0.96) were associated
with lower PrEP awareness. Nearly all of the self-reported HIV negative
women 96% (n= 710/751) were willing to use PrEP. Despite the low
PreP awareness, there is a great willingness to use PrEP among FSW in
Dar es Salaam. PrEP implementation programs should focus on increasing
PreP knowledge among younger FSW. Peer educators and HIV testing
opportunities could be seized to raise PrEP awareness.

A BASELINE ASSESSMENT EVIDENCE INFORMED DECISION
MAKING NETWORK IN THE HEALTH SECTOR IN MALAWI
USING SOCIAL NETWORK ANALYSIS AND A PROSPECTIVE
CASE STUDY

Melody Sakala’, Kate Gooding', Jenny Hill, Linda Nyondo
Mipando?, Bertie Squire?

'"Malawi Liverpool Wellcome Trust, Blantyre, Malawi, 2Liverpool School
of Tropical Medlcine, Liverpool, United Kingdom, 3College of Medicine,
Blantyre, Malawi

Despite the steady progress in health-related research only a limited
number of that research translates into policy and impact. Global advocacy
for evidence-based decision making is recognized both nationally and
internationally and there has been recent global initiatives to ensure use
of research findings in decision making processes. To further support
research evidence use in Malawi, all the main actors in the space of
knowledge translation and evidence use have joined efforts to establish a
formal Network for Evidence-Informed Decision-Making in Health Policy

& Practice in Malawi (EviDeNt).The overall objective of this study is to
conduct a baseline assessment of key indicators and processes of EvIDeNt
in supporting use of research outcomes and to inform the evaluation of
the network at a later stage. In achieving this, the baseline will assess the
connectivity of the networks in terms of membership and structure, its
health in terms of resources and internal systems. Social network analysis
will be used to examine the networks existing ties among members and

to assess network efficiency and a case study on use of findings from a
malaria trial, to trace specific effects of EvIDeNt and identify aspects of

the research and policy context that affect research uptake. Methods for
data collection will employ a desk review analysis to capture the overall
structure, systems and resources of the network. Key informant, interviews
will be used to clarify on the mapped intended outcomes. The study
intended outcomes aims to support evidence informed health policy by
strengthening EviDeNt and advancing understanding of factors influencing
research uptake.

GEOSPATIAL MAPPING OF TIMELY ACCESS TO
COMPREHENSIVE EMERGENCY OBSTETRIC CARE IN KENYA

Paul Ouma, Robert Snow, Mike English, Emelda Okiro
KEMRI-Wellcome Trust, Nairobi, Kenya

Ensuring access to comprehensive emergency obstetric care (CEmOC)

can reduce maternal mortality by 85%. In many African countries, access
to these services is poor, partly due to inadequate hospital capacity and
long distances to the few hospitals that can provide care. This study
aimed to assess readiness to provide CEmOC services and combine with
population data to define county level geographic access to CEmOC
hospitals in Kenya. We assessed hospital readiness to provide caesarean
deliveries and blood transfusion which are the two key indicators needed
to provide CEmOC services, using data from nationwide service availability
assessments. This included collecting information on availability of
operating theatres, blood transfusion, medical doctors, nurses and basic
surgical equipment, all which are needed to provide safe CEmOC. We then
assembled road networks, elevation and land use at high spatial resolution
to formulate a cost friction surface. This surface was then combined with
location of CEmOC hospitals to estimate population living more than two
hours from the nearest CEmOC hospital at county level. In 2018, 512
public and private hospitals were assessed and indicator availability were;
operating theatres (n=295), blood transfusion (n=318), medical doctor
availability (n=443), nurse availability (n=512) and surgical equipment
(n=290). There were 228 hospitals that provide CEmOC services, seven

of which could perform caesarean deliveries without blood transfusion.
Approximately 19% of Kenya's expectant women in 2018 were living
more than 2 hours from the nearest CEmOC hospital, with significant
variations at county level. These ranged from as high as 75% in Turkana
to less than 5% in Nairobi, Kisii, Kiambu, Kisumu, Nyamira and Vihiga
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counties. The results show a substantial variation in access to CEmOC
services at county levels, highlighting the need for targeted investments to
bridge the inequities.

COST OF DENGUE ILLNESS IN INDONESIA

Oliver J. Brady', Lauren Carrington?, Emilie Hendrickx!, Dinar D.
Kharisma?, Ida S. Laksanawati¢, Kathleen O'Reilly’, Donald S.
Shepards, Cynthia Tschampl?, Nandyan N. Wilastonegoros, Laith
Yakob', Wu Zeng?

'London School of Tropical Medicine & Hygiene, London, United Kingdom,
2Oxford University Clinical Research Unit, Ho Chi Minh, Vietnam, *Brandeis
University, Waltham, MA, United States, *Dr. Sardjito General Hospital,
Yogyakarta, Indonesia, *Heller School for Social Policy and Management,
Waltham, MA, United States, SFaculty of Medicine, Public Health and
Nursing, Universitas Gadjah Mada, Yogyakarta, Indonesia

There has been a shift in the global burden of disease from communicable
non-communicable disease. Interestingly, global dengue cases have

been increasing over the decades. Prognosis of dengue varied from
asymptomatic to fatal cases with outbreaks often occurred. As a
consequence, the economic burden due to dengue is a threat to endemic
countries. We estimated the cost of dengue illness in Indonesia using

mix approach of macro- and micro-costing. We gathered financial and
utilization data of health facilities (hospitals and primary cares) and
interviewed respondents’ cases for hospital, ambulatory and non-medical
cares in Yogyakarta City. We analyzed the cost per patient and the
portion of that paid by households and other paying mechanisms. To
obtain the estimation of dengue cases and cost in Indonesia, part of our
study produced consensus estimates using statistical and mathematical
modeling. We summed the total cost of dengue illness and multiplied

to our estimation of dengue cases to obtain the estimated national cost.
Dengue cost per case for hospital, ambulatory and non-medical treatments
were US$ 318.36 (95%UI 243.93-392.79), US$ 23.03 (95%Ul 14.45-
31.62) and US$ 7.53 (95%Ul 2.37-12.68), respectively. There was a total
of 7.535 million (95%Ul 1.319-16.513 million) dengue cases in 2017

and our national estimate suggests that the economic cost of dengue in
Indonesia was US$ 666.83 million (95%Ul 531.57-802.08 million). To this
figure, about 37%, 20%, 25% and 18% paid by the households, social
contributors, Indonesian National Health Insurance Program (Jaminan
Kesehatan Nasional/JKN) and other parties, respectively. In conclusion, the
cost of dengue illness will be useful in Indonesia and in other countries.
This economic analysis is informing out-of-pocket expenditures and

direct and indirect costs within three different treatment settings. Hence
there are needs for refinement of dengue policy options to existing and
promising interventions e.g. vaccine and Wolbachia technologies which
are attributed to lowering economic burden.

HEALTH CARE OPTIONS AND FACTORS INFLUENCING
HEALTH SEEKING BEHAVIOR IN A RURAL NIGERIAN
COMMUNITY

Paul W. Okojie
Liberty University, Lynchburg, VA, United States

There is an urban and rural disparity in health care infrastructure in Nigeria.
With over 60% of its population living in rural communities, there is an
opportunity for addressing the root causes of the poor health status of
rural populations. The paper aimed to analyze sociodemographic factors
influencing health-seeking practices in a rural community setting. A cross-
sectional study of 380 rural dwellers in Utese, Southern, Nigeria was done
using interviewer-administered questionnaires. Data were analyzed with
SPSS version 25 software. Chi-square test was used to find the association
between sociodemographic characteristics and health-seeking practices.
Comparable proportions (43.4%, 42.9%) of the respondents fell within
the younger age categories of 10-29 and 30-49 years, respectively. Self-
reported factors influencing the choice of health care were: Promptness of
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care (41.8%), cost (22.4%), professionalism (16.8%), distance (15.8%),
and cultural belief (3.2%). Patent medicine store was the most utilized
source of health care (42.1%). 140 (36.8%) respondents sought health
care in the hospital. The hospital was utilized by 41.8% of respondents
with secondary education; 34.9% with tertiary education; 31.7% primary
and 26.1% with no formal education, respectively. Females tended

to seek healthcare from hospitals (40.2%) and patent medicine store
(43.7%) compared to males (33.3% and 41.0%). There was a significant
association between educational attainment and healthcare options
utilized (P<0.05). Less than half of rural dwellers utilize minimum standard
health care mainly due to cost and timeliness of health care. Education is
the key to influencing health-seeking practices in rural communities.

MATERNITY WAITING HOMES IN LIBERIA: RESULTS OF A
5-YEAR COUNTRY-WIDE MULTI-SECTOR SCALE-UP

Alphonso W. Kofa', Joseph E. Perosky?, Aloysius Nyanplu?, Cheryl
A. Moyer?, Jody R. Lori*

'Liberia Ministry of Health, Phebe, Liberia, *Michigan State University
College of Human Medicine, East Lansing, M, United States, *University
of Michigan Medical School, Ann Arbor, MI, United States, “University of
Michigan School of Nursing, Ann Arbor, Ml, United States

Maternity waiting homes (MWHs) are small structures built adjacent to a
healthcare facility where women can stay prior to giving birth. In 2010, a
cohort study of 10 rural primary health facilities (5 with and 5 without a
MWH) was conducted in Bong County, Liberia to evaluate their impact on
maternal and newborn outcomes. Results showed a decrease in maternal
and perinatal mortality in communities with a MWH compared to those
without one. Following this study, the Liberian Ministry of Health identified
MWHSs as one component of continuing health system strengthening
efforts to improve maternal and newborn outcomes. In the ensuing
eight years, an additional 114 MWHs have been constructed in 14 of the
15 counties in Liberia for a total of 119 MWHs by an array of funders
and implementers. Of these 119, 54 (45.4%) are open and functional,

8 (6.7%) are currently under construction, 35 (29.4%) were started but
construction ceased prior to opening, 15 (12.6%) have been repurposed
mainly for staff quarters, and 7 (5.9%) MWHSs were opened and later
abandoned. There were various funders and implementers involved in
the scale up of MWHs including 72 (60.5%) by NGOs, 35 (29.4%) by
the local community, 6 (5.0%) by the United Nations H6 consortium, 4
(3.4%) by Individuals, and 2 (1.7%) by the local Liberian government.
One hundred fifteen focus groups were conducted with community
members (Chiefs, Community Leaders, Women of Reproductive Age,
Traditional Birth Attendants (TBAs), Women currently staying at a MWH,
and Male Partners) as well as 113 interviews with health care providers
providing services at the health care facilities associated with a MWH.
Nearly all communities hold the following three beliefs: MWHSs 1) reduce
home deliveries; 2) reduce maternal deaths; and 3) improve relationships
between health facility staff, TBAs, and communities. The data also
revealed the following challenges and barriers to sustainability and
scalability of MWHSs in Liberia: 1) lack of initial community engagement; 2)
lack of community awareness; 3) food security; 4) inadequate capacity; 5)
lack of development of a self-governance model; and 6) lack of on-going
support/resources.

PRECISION PUBLIC HEALTH AND PANDEMIC PREPAREDNESS:
QUANTIFYING TRAVEL TIME TO HEALTH CARE AND
LOCATIONS AT RISK FOR PATHOGEN TRANSMISSION

Erin Hulland', Kirsten Wiens', Shreya Shirude', Beth Bell?, Peter
Rabinowitz?, Judith Wasserheit?, Daniel Weiss*, Simon Hay’, David
Pigott'

'Institute for Health Metrics and Evaluation, Seattle, WA, United States,
2Department of Global Health, University of Washington, Seattle, WA,
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United States, *Department of Global Health and School of Public Health,
University of Washington, Seattle, WA, United States, *Big Data Institute,
Nuffield Department of Medicine, Oxford, United Kingdom

Infectious disease threats exist even in places without evidence of past
events, and without clear preparedness plans to prevent, detect, and
respond to such threats, outbreaks can easily overwhelm fragile health
systems. Recent emphases on developing National Action Plans have
required subnational evaluations of vulnerable communities, and precision
public health using geospatial resources have provided a method to
quantify observed heterogeneities. In early stages of an outbreak, proper
diagnosis and treatment are essential for containment and care, and
proximal access to a health facility is vital, but just as the risk of infectious
disease is not homogeneous across the world, neither is health care
accessibility, leaving gaps in coverage. Moreover, many of those regions
at higher risk are often those that also lack accessibility to care. Here we
mobilized large, open-source geospatial resources including a travel-time
friction surface, geolocated health facility information, and pathogen
environmental suitability maps to quantify health facility accessibility

and pathogen suitability transmission to any location within a given
country. Noting significant cross-border migration and previous disease
transmission stemming from such movements, such as the detection of
Ebola cases at the Uganda border with the Democratic Republic of Congo
(DRC), we considered the pathogen suitability of neighboring countries
and calculated the time it would take to travel to any point in-country.

For Uganda, much of the border with DRC was within five hours of
locations with known Ebola suitability. Finally, we developed methods

to identify areas where additional resources directed to health facility
development would be most impactful. Together, these maps highlight
existing preparedness gaps and sub-national risk of infectious disease

and demonstrate the potential for precision public health resources to
inform preparedness activities. With the development of comprehensive,
geolocated health facility lists, these maps can be used as one tool among
a set of many in-country to ensure preparedness for the next public health
threat.

BURDEN OF NON-COMMUNICABLE DISEASES IN A KENYAN
CASUALTY DEPARTMENT

Gladys Wambua’, Mugane Mutua’, Daniel Rafiki Owambo?,
Morgan Muchemi?, Thomas Kedera*, Kipkoech Rop?®, Benjamin
Wachira®, Christine Ngaruiya’

'Kenyatta National Hospital, Nairobi, Kenya, 2Narok County Referral
Hospital, Kenya, Narok, Kenya, *PCEA Chogoria Mission Hospital,
Chogoria, Kenya, *Kakamega County Referral Hospital, Kakamega, Kenya,
°Kilifi County Referral Hospital, Kilifi, Kenya, ®Aga Khan University Hospital,
Nairobi, Kenya, "Yale School of Medicine, New Haven, CT, United States

Non-communicable diseases (NCDs) account for 41 million deaths
annually. Low and Middle-Income countries (LMICs) suffer 75% of this
global NCD death burden. In Kenya, these deaths have risen from 35%

in 2003 to 45% in 2010. However, limited primary data exists on this
burden. Resource-limited health systems unable to capture data describing
patients presenting for acute care impede early detection and treatment
of NCDs. This study assesses NCDs and associated risk factors in a Kenyan
Casualty Department to provide knowledge to inform development of
protocols, policies and educational interventions on their management.
Data was collected using the WHO STEPwise approach and PHQ-9
questionnaires. We targeted patients at the Kenyatta National Hospital
Casualty Department aged 18-69. Sample size was 2400; 10% of the total
estimated presentations. Majority (53.6%) of respondents were male, with
a mean age of 35y. 11% of respondents smoke tobacco with 8% doing
so daily. The mean starting age for smoking was 20y. 36% of participants
are exposed to second-hand smoke from their homes and work-places.
51% of participants reported engaging in alcohol use while less than 5%
have attempted to stop drinking upon medical recommendation. 21%

of respondents are hypertensive but only 11% are on medication. 10%

of respondents reported symptoms of angina and 7% reported elevated

blood sugar. A high burden of NCDs exists in the Casualty Department,
yet treatment is minimal. Overlooking this risks loss of productivity and
escalation of healthcare costs. This emphasizes the need for interventions
unigue to this population.

TRASH TO TREASURE: COLLECTING TRASH FOR PROFIT
TO REDUCE VECTOR BREEDING SITES IN KWALE COUNTY,
KENYA

Gatheniji B. Njoroge
University of California Berkeley School of Public Health, Berkeley, CA,
United States

Plastic pollution harms the environment, promotes zoonoses, and
promotes vector-borne diseases (VBD) like dengue, chikungunya, and Zika
which are transmitted by Aedes aegypti. Community-based methods to
control this vector rely on a continuous stream of external funding and are
rarely sustainable. Some of the most productive Aedes aegypti habitats
worldwide and in Kwale County, Kenya (Kwale) are synthetic containers,
such as recyclable plastic containers, tires, and trash. Recognizing
individuals may not be incentivized to clean up their environment to
improve health if basic needs are not met due to poverty, we aim to
assess the potential for community-based recycling that engages aspiring
entrepreneurs to repurpose trash for profit in Kwale. Our goals are to
improve health by reducing VBD and to alleviate poverty by generating
income. We will empower and train aspiring entrepreneurs to repurpose
trash for profit in Kwale (9.1% unemployment). We hypothesize profitable
businesses which motivate community members to remove trash from the
community will reduce vector breeding containers. We plan to measure
pre- and post-intervention: vector abundance (ovitraps), and visual
presence of trash; and during the process: volumes of trash collected, and
profits generated. We are currently engaging local entrepreneurs, policy
makers, community leaders and NGO'’s. We have identified 14 target
communities, are 7 engaging community leaders and 2 NGOs to mobilize
entrepreneurs, and have mapped the landscape of trash volumes and
market opportunities through key-informant interviews and 10 spatial
video geonarratives. Interest from Kenyan entrepreneurs exists to reuse
plastics and some programs are already collecting and sorting trash and
making items such as building materials and art. Creating demand will be
a challenge. Our next step is to pilot the entrepreneur incubator program
to remove trash from the environment by inviting interested individuals

to apply to participate in a social entrepreneurship program to create and
execute business plans.

HEALTHCARE UTILIZATION IN PATIENTS WITH SUSPECTED
ENTERIC FEVER

Alexander T. Yu', Rajani Shakya?, Caryn Bern?, Bikram Adhikari?,
Dipesh Tamrakar?, Krista Vaidya?, Caitlin Barkume?*, Denise
Garrett?, Stephen Luby?', Isaac Bogoch®, Jason Andrews!

Stanford University, San Francisco, CA, United States, ?Dhulikhel
Hospital, Kathmandu University Hospital, Dhulikhel, Nepal, *University of
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Canada

We used a hybrid approach, combining population-based, age-structured
health care utilization data with facility-based typhoid surveillance, to
produce age-adjusted burden estimates in an urban and peri-urban
setting in Nepal. We conducted a randomized cluster-based healthcare
utilization survey in the catchment areas of Kathmandu Medical College
Hospital (urban Kathmandu) and Dhulikhel Hospital (peri-urban areas of
Kavrepalanchok district), where prospective typhoid surveillance has been
ongoing since September 2016. Data on healthcare seeking behavior,
socioeconomic status and symptom severity were collected for each
household member with an episode of fever > 3 days in the previous

8 weeks. From January 2017 to October 2018, we enrolled 24,515
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households, representing 81,369 individuals (47,198 in Kathmandu,
34,171 in Kavrepalanchok) with a median age of 27 years (IQR 18-40).
Household period prevalence of fever > 3 days was lower in Kathmandu
(5.7% vs 15.4%, p<0.01). Children <5 had the highest period prevalence
(13.9%) while adults 22-45 had the lowest (2.1%). The period prevalence
of fever was lower in the rainy season compared to drier winter months
(4.9% vs 6.4%, p<0.01). Higher SES and education was associated with
lower fever prevalence. The majority with fever sought medical care
(87.7%), most commonly from pharmacies. Only a small proportion
presented to the surveillance facility (6.2% in Kathmandu, 12.6% in
Kavre). Fever lasted a median 4 days (IQR 3-7) and kept participants from
activities for a median 3 days (IQR 1-5). Those taken to a facility had

a longer mean duration of fever (5.8 vs 4.7 days, p<0.001) and spent
more time in bed on the worst day of illness (13.1 vs 11.7 hrs, p<0.001).
In conclusion, more than 85% of individuals with suspected enteric

fever sought medical care, most frequently at pharmacies. Although our
surveillance facilities are major medical centers, only a small proportion of
those with febrile illness presented to them, highlighting the importance
of adjusting for healthcare utilization to produce accurate estimates of
disease burden.

ESTABLISHING AN URBAN HEALTH AND DEMOGRAPHIC
SURVEILLANCE SYSTEM IN A SEMI-INFORMAL SETTLEMENT,
INITIAL EXPERIENCES AND FINDINGS OF FIRST TWO YEARS,
MANYATTA KISUMU

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

Kenya Medical Research Institute (KEMRI), Kisumu, Kenya

Health and demographic surveillance systems (HDSS) are important sources
for health planning and policy implementation in many low and middle
income countries. They provide longitudinal data regarding health and vital
statistics in countries where vital registration systems perform poorly. Most
HDSS sites are set up in rural settings. Through the support of the Child
Health and Mortality Prevention Surveillance network, the Kenya Medical
Research Institute set up an urban HDSS in Manyatta informal settlement
area of Kisumu town, western Kenya. The HDSS was set up primarily to
assist in identifying child deaths, provide denominators for cause specific
mortality as well as follow up on public health interventions. We present
experiences and findings of the first two years of setting up and operation.
Manyatta site was mapped and numbered into 121 villages. Consent

was obtained from household heads before the enumeration exercise.

. Household data was collected by trained Community Interviewers and
Community Health Volunteers. Supervisors conducted random, repeat
interviews in 5% of households for quality checks. Half yearly cohort
follow-ups were conducted to record information on vital events. Flexible
working hours allowed for households visits. Data analysis was conducted
using Stata 14. Baseline enumeration registered a population of 77,061,
distributed in 31,000 households. Females made up 39,221 (50.9%).Sex
ratios were 96 males per 100 females. The average household size was

3. There were 11,699 (15%) under five years children. Refusal rate stood
at 0.03% and revisits 11% .Observing working time flexibility, security,
respect for diverse cultures and religion is key. In conclusion, findings
demonstrate feasibility of setting up and operating a HDSS and to collect
accurate and reliable data in an informal urban setting such as Manyatta.
The urban setting has unique characteristics and challenges that require
flexibility and modification of strategies that ordinarily apply in rural
settings.

INTERRATER RELIABILITY OF AN ADAPTED AND
TRANSLATED VERSION OF THE MULLEN SCALES OF EARLY
LEARNING (MSEL) IN RURAL GUATEMALA

Alison M. Colbert', Molly M. Lamb', Desirée Bauer?, Sara
Hernandez?, Maria Alejandra Martinez?, Paola Arroyave?, Alejandra
Paniagua-Avilaz, Daniel Olson', Mirella Calvimontes?, Guillermo A.
Bolafios?, Hana M. El Sahly3, Flor M. Mufnoz3, Edwin J. Asturias’,
Amy K. Connery"
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2Center for Human Development, Fundacion para la Salud Integral de
los Guatemaltecos, Retalhuleu, Guatemala, *Baylor College of Medicine,
Houston, TX, United States

Prenatal Zika virus (ZIKV) and chikungunya virus (CHIKV) infections have
been associated with long-term neurodevelopmental sequelae, though

the impact of early post-natal infection on neurodevelopment in children
in low- and middle-income countries (LMICs) is less clear. This paucity

of knowledge is exacerbated by the lack of standardized, performance-
based neurodevelopmental assessment tools for LMICs. We evaluated

the reliability of an adapted and translated version of the Mullen Scales

of Early Learning (MSEL) in a rural, resource-limited region of Guatemala
highly endemic for arboviruses. MSEL administration interrater reliability
was calculated from an audit conducted during a prospective cohort

study of the effects of postnatal ZIKV infection. Guatemalan psychologists
were trained by Spanish-speaking US neuropsychologists to administer

the MSEL. Twenty consecutive MSEL administrations by trained
Guatemalan psychologists were independently live double-scored by US
neuropsychologists (meanchild age = 21 months; range= 6-62 months).
Interrater reliability for each MSEL subscale (gross and fine motor, visual-
reception, receptive and expressive language) and composite score were
excellent (/CC = 0.99, p< .001). Additionally, 32 MSEL administrations
(meanchild age = 20 months; range= 6-63 months) by trained Guatemalan
psychologists were independently live double-scored by another trained,
Guatemalan psychologist. Interrater reliability was excellent for each MSEL
subscale (/CC = 0.99, p< .001) and composite score (/CC = 0.98, p< .001).
These results suggest our training model was effective, administration
instructions were clear, and child performance was similarly interpreted by
examiners. This, along with previous work supporting the construct validity
of this version of the MSEL, provides support for MSEL use in this resource-
limited population in Guatemala. Our findings indicate that rigorous
neurodevelopment assessment tools with strong psychometric properties
can be applied in LMICs when carefully translated, adapted and applied.

ENGAGING YOUNG PEOPLE AS AGENTS OF CHANGE: A
SCHOOL-BASED INTERVENTION TO REDUCE ARBOVIRUS
TRANSMISSION — ONE YEAR FOLLOW-UP INTERVIEWS

Arielle M. Kempinsky’, Jenna E. Forsyth?, Emilia J. Ling',
Catharina J. Alberts?, Francis Mutuku?, Lydiah Kibe®, A. Desiree
LaBeauds

Stanford University School of Medicine, Stanford, CA, United States,
2Emmett Interdisciplinary Program on Environment and Resources,
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4Technical University of Mombasa, Mombasa, Kenya, *KEMRI-Wellcome
Trust Programme, Kilifi, Kenya, Lucille Packard Children’s Hospital at
Stanford University School of Medicine, Stanford, CA, United States

Creating sustainable behavior change is a necessary step in reducing the
burden of Aedes aegypti mosquito-borne diseases in rural Kenya. Without
the ability to cure these diseases or to implement insecticide-based
control, we must focus on source reduction. Intentions and perceptions
directly impact the degree to which households adopt source reduction.
This study aims to better understand the impetus for or against behavior
change following a school-based educational intervention. The goal of the
curriculum was to provide targeted behavioral recommendations based
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on container types, including covering any with standing water, removing
old containers, and turning over unused containers. From a sample size
of 500, 17 adopter households (those who decreased the number of
improperly managed containers) and 17 non-adopters were randomly
selected for inclusion. Field research assistants conducted structured
interviews with mothers of children in the intervention to synthesize why
households did or did not change their behavior, along with the effect

of these choices. Using images to rank their mosquito related priorities,
respondents showed that container behaviors ranked second of five after
bed nets. We found nine adopters ranked container management in their
top two, as compared with five non-adopters. Respondents prioritized
covering cooking and drinking water, but seemed less inclined to cover
laundry water. The interviews also revealed barriers in the non-adopters.
The most common extrinsic obstacle that mothers faced was the behavior
of other family members, while the most common intrinsic barrier was lack
of time. Questions about project efficacy in both groups showed us the
most common knowledge increase surrounded maintaining a trash-free,
clean compound. Since children used old containers and tires as toys,
respondents in both categories reported difficulty discarding these items,
even when water tended to pool inside of them. Long-term behavior
change may require empowering local community members to create
structural changes from within.

UNDERSTANDING THE CONTEXT OF DEATH OF UNDER-FIVE
CHILDREN IN RURAL GHANA USING VERBAL POST MORTEM
NARRATIVES

Samuel Afari-Asiedu, Charles Zandoh, Edward Anane Apraku,
Mahama Abukari, Felix Boakye Oppong, Wisdom Adeapena,
Samuel Harrison, Kwaku Poku Asante

Kintampo Health Research Centre/Ghana Health Service, Kintampo, Ghana

Globally, under-five deaths have decreased by 58% but still high in Africa.
Compared to global estimate of 39 deaths, under-five deaths in Ghana
was 49 per 1000 live births in 2017. Verbal Post Mortem (VPM) is vital for
understanding the context of death at the community level. This paper
reports on the context and health seeking behavior for under-five deaths
in rural Ghana. Fifty (50) VPM narratives, 5 from each year (2006 to 2015)
were randomly selected. VPM transcripts were imported into Nvivo 12 for
coding and analysis. The multidimensional approach to health was used as
a framework to develop themes of interest and their relationships using a
mind map. Data were presented as narratives with quotes to substantiate
the findings. Narratives of under-five deaths were based on symptoms
experienced prior to death including fever, diarrhea, anal sore, convulsion,
swollen stomach and feet and anaemia. Some carers treated their children
with orthodox medicine and others used both orthodox and traditional/
herbal medicine. Carers who used orthodox medicine initiated treatment
by obtaining medicine from over-the-counter sellers. Children were

sent to the community-based health planning and services compound/
heath centers in their communities and subsequently to the district
hospital when the illness did not resolve. There was no clear sequence

of health seeking for carers who used both orthodox and traditional/
herbal medicine. It was observed that some carers initiated treatment
with traditional/herbal medicines at home and continued with orthodox
medicine when the illness did not resolve. Others started with orthodox
and later with traditional/herbal medicine. It emerged that some carers
believe certain illnesses including convulsion and body swellings are not
"hospital illnesses” and requires traditional/herbal medicine. There was no
clear trajectory for the management of under-five illness. Cultural beliefs
influences health seeking behaviour for under-five illnesses. Continues
public health education is needed to encourage early care seeking at
health facilities and to discourage self-medication to reduce under-five
deaths.

QUALITY OF CARE FOR FEBRILE CHILDREN: AN ANALYSIS OF
NATIONAL HEALTH FACILITY SURVEYS FROM MALAWI AND
TANZANIA

Cameron Taylor, Jehan Ahmed, Wenjuan Wang
ICF, Rockville, MD, United States

The WHO Global Malaria Program’s T3: Test. Treat. Track initiative
recommends that every suspected malaria case is tested, every confirmed
case is treated, and the disease is tracked by surveillance systems. To
investigate the quality of care for febrile children and adherence to

the “test” component of the T3 initiative, we examined data from the
observation of sick child consultations and the exit interview of caretakers
from the 2013-14 Malawi Service Provision Assessment (SPA) and the
2014-15 Tanzania SPA which are nationally representative health facility
surveys. We identified essential elements of febrile clinical care for sick
children recommended by the WHO that are also available in the SPA
surveys. These included 1) the provider asking about fever, 2) child was
felt for temperature, had their temperature taken with a thermometer,
or checked for pallor by looking at palms, and 3) provider instructed
child to see another provider or laboratory for a finger or heel stick for
blood testing. As a proxy for severe malaria, children were excluded from
the analysis if they presented in hospitals or were referred/admitted at
end of the consultation. Among children who had a fever in the past
two days according to the caretaker, 25% (N=2,698) in Tanzania and
43% (N=1,368) in Malawi received all three essential elements of febrile
clinical care. We assessed facility, provider, and patient factors that might
explain variations in febrile patient quality of care, using random-effects
logit regressions. In both Malawi and Tanzania the results showed that
facility readiness for malaria services including availability of mRDTs and
microscopy supplies, were significantly associated with children receiving
all three essential elements of febrile clinical care (p<0.10). Provider and
patient factors were not significant except child’s age. In both countries,
these findings show the importance of malaria service readiness for
providing high quality of care for febrile children. Having facilities with
diagnostic capabilities will help ensure that providers adhere to the WHO
T3 initiative.

SMS FOR LIFE, A DIGITAL SOLUTION TO IMPROVE THE
AVAILABILITY OF ESSENTIAL MEDICINES IN NORTHERN
ZAMBIA

Marcel Braun, Nadine Schecker, Viviam Patricia Canon
Novartis Social Business, Basel, Switzerland

By 2017, the population of Zambia was 17.4 m, life expectancy at birth
was 66.3 y for females and 60.4 y for males. Despite the advances in
diagnostic and treatments and the 63% reduction in mortality compared
to 2007, HIV/AIDS is still the first cause of death. Tuberculosis and malaria
mortality increased compared to 2007 and represented the 4™ and 7t
cause of death respectively. Timely and sustained availability of diagnostic
tools and first-line treatment for those diseases is crucial. Interruption

of HIV or TB treatments increases the risk of failure and selection of
resistance. Lack of availability of rapid diagnostic test (RDT) and/or malaria
treatment increase the risk of adverse outcomes mostly in young children.
SMS for Life in Zambia is a Novartis initiative started in 2018 as a public-
private partnership with the MoH, Right to Care/EQUIP and Vodacom.
Objectives: 1) demonstrate that visibility of weekly stock levels of essential
commodities will promote actions to reduce or eliminate stock-outs, 2)
Demonstrate that simple customized digital solutions may be successfully
implemented in remote areas and 3) demonstrate the benefit of public-
private partnerships in public health. The items surveilled included RDT
(13), malaria treatments (4), HIV medicines (4 ARV, 1 prophylaxis), and TB
(1 first-line treatment, 1 prophylaxis). One hundred eighty-six (186) health
care facilities across three provinces of Zambia (Luapula, Muchinga and
Northern) were included, covering approx. 3.2 million people. SMS for
life works with SIM card equipped tablets, smartphones, feature phones
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and a widely available telecommunications technology. Health care
workers are trained and enabled to track stock levels of essential tests/
medicines and send notifications to district officers every week. A report
on the availability of commodities is generated as needed. A public-private
partnership allows SMS for Life to provide visibility of stock levels of
essential medicines using simple technology. The system has the potential
to facilitate the provision of stock and alleviate the restricted availability of
drugs in rural or under-resourced areas.

SOCIAL MEDIA USE IN EMERGENCY RESPONSE TO NATURAL
DISASTERS: A SYSTEMATIC REVIEW WITH A PUBLIC HEALTH
PERSPECTIVE

Kamalich Muniz-Rodriguez', Sylvia K. Ofori’, Kadiatou Diallo’,
Manyun Liu', Jessica S. Schwind', Gerardo Chowell?, Isaac Chun-
Hai Fung'

iann-Ping Hsu College of Public Health, Georgia Southern University,
Statesboro, GA, United States, 2School of Public Health, Georgia State
University, Atlanta, GA, United States

Natural disasters affect the lives of thousands of people every year. The
damages caused by these events call for a multiagency response, where
effective communication and coordination are essential. Previous research
has explored the usefulness of social media analysis during a natural
disaster as a tool to guide response efforts with a focus on geography
and computational methods. The purpose of our research is to study the
implications of social media use during natural disaster specifically focusing
on the public health implications in the response phase of the emergency.
We conducted a systematic literature review on natural disasters and
social media use during the emergency response phase. Three databases,
PubMed, IEEE Xplore, and Web of Science were searched in September
2018 using three different keyword combinations. Articles that complied
with our inclusion criteria were independently reviewed, and their
findings were analyzed to answer our research questions. A total of 47
full-text articles were included in our study. Analyses of social media data
were performed at a wide range of spatial and time scales ranging from
countries, states, or cities, and measured from minutes, hours, and days.
Twitter was the most analyzed platform, followed by Facebook. Social
media was used as a tool to identify areas in need of relief operations by
using self-reported location. Researchers identified individuals in need of
medical assistance, areas without water supply and electricity. One of the
most common uses of social media data is map development for location,
needs, direction of relief operations, and disaster intensity. Twitter was
mostly identified as a broadcasting tool, and platforms like Facebook
were recognized as a two-way communication tool. The identification of
social media platforms as a broadcasting tool presents an opportunity for
public health agencies to address rumor control during a natural disaster.
In retrospective analyses, social media analysis shows promise as an
opportunity to reduce the time of response and to identify the individuals’
location. However, further research is needed to evaluate the use in real-
time.

THE VALUE-ADD OF PARTICIPATORY RESEARCH TECHNIQUES
TO INFORM ZIKA PREVENTION PROGRAMS: A QUALITATIVE
STUDY IN THE DOMINICAN REPUBLIC

Tilly Gurman, Anne Ballard, Gabrielle Hunter
Johns Hopkins University, Baltimore, MD, United States

A challenge in Zika prevention efforts is the need to promote multiple
behaviors (e.g. using repellent/condoms during pregnancy, cleaning water
storage containers, removing standing water). While epidemiological

data and quantitative surveys offer important information for Zika-related
programs aiming to foster behavior change, data elicited from novel
qualitative participatory techniques (e.qg. free listing, pile sorting) can
inform even more comprehensive programs. The current qualitative study
(n=88) used three participatory techniques in focus group discussions
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(FGDs) and in-depth interviews (IDIs) to explore Zika-related perceptions
among pregnant and non-pregnant women (ages 18-30) and male
partners of pregnant women in the Dominican Republic. First, using

free listing, individuals met with an interviewer and listed, top-of-mind,
the behaviors that people in their community perform to prevent Zika.
Second, FGDs employed pile sorting to categorize and prioritize Zika-
related behaviors according to perceived effectiveness/feasibility. Finally,
participants simulating the cleaning of water storage containers via
drawings and physical demonstrations spurred group discussion about
common cleaning practices. Data analysis also included a participatory
process with local stakeholders that yielded contextually relevant themes.
Free listing findings indicated that no single behavior was mentioned by
a majority of respondents. From pile sorting activities, multiple insights
surfaced. Participants associated health/well-being with cleanliness—the
concern for Zika only existing during outbreaks or when given attention by
media/government. Participants further noted that responsibility for vector-
control behaviors fell to community groups/local authorities. The cleaning
simulation activities found that people valued the use of bleach, although
the amount and technique varied. The current study contributes insights
about perceptions of Zika-related behaviors and highlights the value-add
of using participatory research techniques to inform behavior change
programs for Zika or other arboviruses.

DETERMINANTS OF VACCINE COVERAGE IN A COHORT OF
CHILDREN IN OSHIKHANDASS, A NORTHERN PAKISTANI
VILLAGE

Alexandra Jamison’, Elizabeth Thomas', Ejaz Hussain', Igbal
Azam?, Wasiat Shah', Benjamin McCormick’, Zeba Rasmussen'

'Fogarty International Center, National Institutes of Health, Bethesda, MD,
United States, 2Aga Khan University, Karachi, Pakistan

Pakistan initiated its Expanded Programme on Immunization (EPI) in

1978, but the incidence of vaccine preventable disease remains among
the highest in the world. We describe vaccine completeness, timeliness
and determinants of coverage from a cohort study (2012-2014) in a rural
northern Pakistani village. Health workers compiled vaccination history
using EPI vaccine cards along with maternal report and Lady Health
Worker registries. Vaccination was complete if all doses were received
according to the EPI schedule and timely if doses were not <3 days early
or > 28 days late. Univariate chi-squared tests and a multivariable logistic
regression were used to examine factors associated with completeness;
variables included parental education and age, household income and
assets, distance from the vaccine dispensary and the total number of
children in the family. Of 1104 children followed to 12 months, 73% (802)
had full vaccination histories: of these, 514 (64.1%) were fully vaccinated,
245 (30.5%) partially vaccinated and 43 (5.4%) unvaccinated. Coverage
was highest for the BCG vaccine (94.1%) and lowest for measles (74.7%).
Timeliness declined with subsequent doses, for example, 80.8% received
their first dose of OPV on time, but only 42.6% received a fourth dose on
schedule. Overall, only 18.5% of those fully vaccinated received all doses
on schedule. The child’s birth order, total number of children in the family,
parental education and the year of family’s migration to the village were all
significant in univariate analysis of coverage. Adjusting for other variables,
only the total number of children in the family remained statistically
significant (OR=1.45, 95%Cl=1.12, 1.88). Our results highlight three key
points: (i) coverage decreases for vaccines with multiple or later doses. (ii)
Drivers of vaccine coverage are multifactorial, but after adjusting for child
and family factors, the more children in the family the more likely that

a child is fully vaccinated. (iii) Despite implementing the EPI with greater
coverage than the national average, disappointingly few vaccines were
timely, potentially undermining their effectiveness.
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COLLABORATIVE IMPROVEMENT APPLIED TO MALARIA
SURVEILLANCE DATA QUALITY IN UGANDA: A COMPARISON
OF OUTCOMES REPORTED BY INTERNAL QUALITY
IMPROVEMENT TEAMS VERSUS AN INDEPENDENT
EVALUATION IN UGANDA

Nelli Westercamp', Sarah Staedke?, Catherine Maiteki-Sebuguzi?,
Simon Kigozi?, John Michael Okiring?, Alexander K. Rowe'

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
2L ondon School of Hygiene & Tropical Medicine, London, United Kingdom,
3Infectious Disease Research Collaboration, Kampala, Uganda

Transforming malaria surveillance into a core intervention is a pillar of

the Global Technical Strategy for Malaria but ensuring high quality of
routinely collected data remains a challenge. Collaborative improvement
(Cl) is an innovative quality improvement method that encourages shared
learning and continuous assessment of performance indicators by health
facility (HF) based teams. Evidence suggests Cl is promising; however Cl
effectiveness has been evaluated primarily through data self-reported by
internal Cl teams, which may be subject to bias. In 2015-16, we evaluated
whether Cl could improve the quality and accuracy of malaria surveillance
data in 5 HFs in Kayunga, Uganda. Data accuracy was measured by
comparing the number of individual malaria cases recorded monthly in the
outpatient register to aggregated numbers reported in monthly summary
reports. The relative difference in these numbers (the accuracy indicator)
was determined by internal Cl teams and an external team of independent
evaluators. Comparisons were made with Pearson’s correlation and mean
differences. Overall, Pearson’s correlation was 0.43 for the accuracy
indicator across all 5 sites, ranging from -0.06 to 0.99 for each individual
HF. Mean differences in the self-reported accuracy by Cl teams compared
to the evaluation data were -2 %-points for all sites, ranging from -15
%-points to -3 %-points for higher level (larger, complex) HFs and 4-6
%-points for lower level HFs. Negative values here indicate that Cl teams
found greater reductions in discrepancies between the data sources, and
thus a greater improvement in accuracy of data, compared to evaluation
results. The correlation between the Cl team and evaluation data was
moderate, with considerable variations across different HFs. Our results
suggest that in higher level HFs, internal Cl teams may have overestimated
the impact of Cl on data accuracy. Improving quality of malaria surveillance
data is a high priority. Additional research of the effectiveness of Cl on
improving data quality is needed. Future studies of Cl should include

an independent evaluation to ensure the impact evaluation is valid and
unbiased.

THE INFLUENCE OF TRAINING ATTRIBUTES ON THE
EFFECTIVENESS OF TRAINING TO IMPROVE HEALTH WORKER
PRACTICES IN LOW- AND MIDDLE-INCOME COUNTRIES: A
SYSTEMATIC REVIEW

Alexander Rowe', Samantha Rowe’, David Peters?, Kathleen
Holloway?, Dennis Ross-Degnan*

'US Centers for Disease Control and Prevention, Atlanta, GA, United
States, 2Johns Hopkins Bloomberg School of Public Health, Baltimore, MD,
United States, 3Institute of Development Studlies, University of Sussex,
Brighton, United Kingdom, *Harvard Medical School, Boston, MA, United
States

Health worker (HW) performance in low- and middle-income countries
(LMICs) is often inadequate, and in-service training is a common strategy
for improving performance. To explore how training attributes influence
training effectiveness (and thus identify ways to increase training impact),
we identified training studies with HW practice outcomes expressed as a
percentage (e.g., % of patients treated correctly) from a systematic review
on improving HW performance in LMICs. Effect sizes were calculated as
adjusted risk differences. To estimate the effect of training attributes, we
examined head-to-head studies that directly compared different training
approaches, and we used random-effects linear regression modeling on

studies of training with different approaches versus a control group. We
searched 52 databases for published studies and 58 document inventories
for unpublished studies up to 2016. We screened 216,477 citations and
identified 179 eligible studies for this analysis. Most studies (105/179 or
58.7%) had a high risk of bias. Training tended to be more effective when
it was at least partly conducted where HWs routinely work (by 9.4-10.9
%-points), tailored to a HW's stage of readiness to change (23.3 %-points;
only 1 study), taught a protocol (versus allowing HWs to use their
discretion, by 8.4 %-points; only 1 study), or used clinical practice (6.7-7.5
%-points). The mean effect of training without supervision tended to
decrease over time after training (0.8-1.0 %-point decrease per month),
but this decay was not seen when training was combined with supervision.
Attributes such as training duration, training with computers or interactive
lectures, training via live video interactive sessions, and pedagogical
background of trainers had little influence (effects of 4.3 %-points or less).
The effect of training group size and having trainers with content expertise
was unclear because of conflicting results from different analyses. In
conclusion, although many knowledge gaps remain, there is promising
evidence that several approaches might increase the effectiveness of
training courses to improve HW practices in LMICs.

EXPANDED FEVER SURVEILLANCE AMONG PROVINCIAL
HOSPITALS IN THE LAO PEOPLE’S DEMOCRATIC REPUBLIC

Jose A. Garcia', Vilada Chansamouth?, Matthew Robinson?, Paul
Newton?

'US Navy, Phnom Penh, Cambodia, *Lao-Oxford-Mahosot Hospital-
Wellcome Trust Research Unit, Vientiane, Lao People’s Democratic Republic

With declining Plasmodium falciparum malaria in the Lao PDR (Laos),

there is an urgent need to determine the causes of fever in order to guide
optimal empirical therapy and to determine key diseases for enhanced
surveillance. Presently, there remain gaps in information from Southeast
Asia to provide a comprehensive assessment. An ongoing two-year study is
currently being conducted in three hospitals in the Luang Nam Tha, Xieng
Khuang and Salavan provinces located in northern, central and southern
Laos, respectively, to obtain evidence on the causes of fever and address
this information gap. From August 2017 until February 2019, a total of
2,899 subjects who met the minimum case definition of body temperature
>37.5°C were enrolled. The majority of the enrolled subjects were adults
(>15 years), with 1,740 (60%) being within the median age of 23 (4-50)
while 1,508 (52%) were male. Preliminary data shows that of the 2,899
subjects, 125 (4.3%) were confirmed to have dengue fever, followed by
bacteremia (84, 2.9%) and Japanese encephalitis virus infection (9, 0.3%).
This study to date has demonstrated important differences in the aetiology
of fever among the northern, central and southern regions of Laos with
there being 48% and 71% more febrile cases detected in the southern
region (121/218, 55.5%) when compared against the northern (63/218,
28.8%) and central regions (35/218, 16%) respectively, with dengue fever
being the most prevalent. Thus paving the way to initiate more in-depth
resistance profiling surveys to address if differences exist in the presence of
antimicrobial resistance among both viral and bacterial pathogens within
these areas.
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PILOTING A NON-VERBAL COGNITIVE ASSESSMENT
BATTERY, THE LEITER INTERNATIONAL PERFORMANCE
SCALE, THIRD EDITION (LEITER-3), IN HEALTHY UGANDAN
CHILDREN AND ADULTS

Erika S. Phelps Nishiguchi', Shubaya K. Naggayi?, Mary
Nyakato?, Jacqueline Nakitende?, Megan S. McHenry#, Robert O.
Opoka3, Paul Bangirana?, Chandy C. John*

'University of Washington, Seattle, WA, United States, 2Global Health
Uganda, Kampala, Uganda, *Makerere University, Kampala, Uganda,
4Indiana University, Indianapolis, IN, United States

As global pediatric health priorities shift from surviving to thriving, there
is need for globally relevant language-independent developmental
assessment tools. The Leiter International Performance Scale, 3rd

Edition (Leiter-3) evaluates nonverbal cognitive abilities through ten
sub-tests explained using pantomimed instructions. It is promoted as a
culturally fair, language-neutral assessment. To assess feasibility, validity,
and acceptability of the Leiter-3 in the Ugandan population, a pilot

study will be conducted in two phases: 1) training and 2) psychometric
evaluation and acceptability. Three experienced Ugandan psychology
research assistants (RAs) were trained to administer the Leiter-3. The
training, clarification, and adaptation process took place over 2 months.
This included roleplaying and field testing with volunteer children and
adults. The RAs worked with a trainer and a representative from the

test's publisher to clarify instructions, develop responses to participants’
behaviors, and adapt pantomimes for poorly understood sub-tests.
Qualitative feedback was sought from RAs and volunteers. Administration
consistently required 90-120 minutes, longer than the published 20-45
minute duration. The RAs reported initial discomfort with the manual’s
instructions, with administering the test in silence, and with managing
challenging behaviors. The next phase is to pilot the Leiter-3 in 40 healthy
Ugandan children and young adults. The pilot will include administration
of previously validated verbal tools, the Kaufman Assessment Battery for
Children, 2nd edition (KABC-Il) and Ugandan Neuropsychology Battery
(UNPB), to enable psychometric evaluation of the Leiter-3. Face validity
and acceptability will be assessed through semi-structured interviews of
pilot participants. Inter-rater reliability will be calculated, and RAs will

be interviewed at the beginning and end of the pilot period to assess
acceptability of test administration. We expect these efforts to provide a
comprehensive understanding of the strengths and limitations of using the
Leiter-3 in the Ugandan setting.

LESSONS LEARNED IN HEALTH INFORMATION SYSTEM
STRENGTHENING: WHAT WORKED FOR THE DEMOCRATIC
REPUBLIC OF THE CONGO

Lavanya Gupta', Scott McKeown', Johanna Karemere?, Olivier
Kakesa?, Ramine Bahrambegi?

'"MEASURE Evaluation, University of North Carolina at Chapel Hill, Chapel
Hill, NC, United States, *MEASURE Evaluation, ICF, Kinshasa, Democratic

Republic of the Congo, *MEASURE Evaluation, ICF Rockville, MD, United
States

Since 2014, MEASURE Evaluation has helped the National Malaria
Control Program (NMCP) of the Democratic Republic of the Congo (DRC)
to streamline and improve routine malaria data collection, reporting,
management, and use at all levels of the health system to facilitate
intervention targets. We have supported the rollout of the electronic
health information platform—DHIS 2—in all 178 health zones and 77
health facilities in 9 PMI-targeted provinces; the integration of malaria
indicators in DHIS 2; the training of more than 400 staff in monitoring
and evaluation, data collection, analysis, and use; the development

of health information system (HIS) management resources; and the
implementation of data review and data quality check mechanisms. We
sought to document the outcomes of our work with the NMCP and
identify effective HIS strengthening interventions for health data including
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malaria, by conducting in-depth interviews with staff members at the
national, provincial, and health facility levels. Interviews included questions
about engagement with MEASURE Evaluation, any trainings attended,
and perceived facilitators of and barriers to a strong HIS. From the audio-
recorded interviews we developed in-depth notes and analyzed them with
thematic coding. The data analysis yielded three primary themes: access

to DHIS 2 supported capacity building in data collection and reporting;

the capacity to oversee and participate in data quality assurance practices
facilitated more timely and complete routine data; and the establishment
of data review mechanisms at all levels of the health system provided
opportunities for stakeholders to make key data-informed decisions.

Each of these contributions has improved data quality and data use, thus
improving overall HIS performance in the DRC. Although respondents
noted that some challenges remain, these observations demonstrate the
interventions’ effectiveness. Our approaches represent best practices in HIS
strengthening that could be adapted and implemented in other disease
and country contexts.

DESCRIPTIVE ANALYSIS OF VACCINE-PREVENTABLE
DISEASES IN THE DOMINICAN REPUBLIC: IS PUBLIC MEDIA
COUNTERACTING THE PUBLIC HEALTH EFFORTS?

Priscilla M. Abate’, Jose A. Duran?, Paola Pefa’, Leandro Tapia?,
Robert Paulino-Ramirez?

'Centro Medico Otorrino, Santo Domingo, Dominican Republic, Institute
for Tropical Medicine and Global Health - Universidad Iberoamericana,
Santo Domingo, Dominican Republic, *Centro de Gastroenterologia
Avanzada, Santo Domingo, Dominican Republic

The Anti-vaccination movement has dominated media; meanwhile public
health policies are being conducted to counteract declining vaccination
rates. Despite the efforts made, in recent years there has been an increase
in vaccine preventable diseases, especially in tropical and sub-tropical
regions. These diseases have caused outbreaks in the Caribbean and
low-income countries. The aim of this study is to characterize vaccine
preventable diseases in the Dominican Republic from 2012-2018. Data
of cases of Vaccine Preventable Diseases included in the Governmental
Immunization Program and their demographic characteristics were
extracted from the Ministry of Health Weekly Reports (digepi.com.do) in
order to establish prevalence and describe demographic patterns. A total
of 777 cases were analyzed, of which B. pertussis, represented a total

of 411 cases, 48% females, and a, mean age of 128 days (3 days - 16
years); C. tetani, a total of 329 cases, 88% males with a, mean age of 41
yo. On the neurological related preventive illnesses, those caused by S.
pneumoniae, a total of 27 cases, 59% males and 41% females, with a
mean age of 8 years (73 days - 76 years). Mortality rates related to those
illnesses accounted for 41% related to meningitis, 27% for tetanus, and
5% related to pertussis. In animal-transmitted preventable vaccination
Rabies accounted for a total of 10 cases, in the majority affecting males
(70%), and a mortality rate of a 100% in mid-age individuals (mean age
12 yo). Vaccine preventable diseases seem to have a major impact in public
health, especially B. pertussis. Mortality by vaccine preventable diseases
constitutes an important part of reported cases. Counteracting measures
to increase intake of vaccines and reinforcement of vaccine coverage are
still needed, many questions remains from the local perspective, are this
lower coverage induced by lack of education, or the negative impact

of media, case-control and infectious disease modeling are needed to
estimate the real impact of communicable diseases prevented by current
interventions in the DR.
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CHARACTERIZATION OF SIERRA LEONEAN VILLAGES USING
SATELLITE IMAGERY AND OBJECT IMAGE RECOGNITION
TECHNOLOGIES

Jeffrey G. Shaffer', Katherine L. McKeon?, Christian J. Geneus?,
Seydou O. Doumbia?, Frances J. Mather2

"Tulane University, Harahan, LA, United States, ?Tulane University, New
Orleans, LA, United States, *University of Sciences, Techniques and
Technologies of Bamako, Bamako, Mali

Field research in Africa often necessitates the characterization of
community-level attributes such as populations, household sizes,
population densities, and proximity to water bodies. Field-based
characterization approaches such as door-to-door censuses and data
capture with global positions system devices is commonly impractical
due to resource limitations. This work focuses on remote characterization
techniques through feature extraction from satellite imagery through the
joint use of the ENVI (Broomfield, CO) image analysis application and the
ArcGlIS geographic information system (Redlands, CA). Prior efforts in
Africa utilizing satellite imagery in this sense have focused on (through
alternative approaches) capturing census data and developing sampling
frames in Ethiopia and Malawi, respectively. Here we detail an approach
for characterizing Sierra Leonean villages according to population size,
household size, and household distances to roads and water bodies.
Supervised classification methods were applied using the ENVI Feature
Extraction Module classifying features according to village housetops,
roads, and water bodies. Vector-based shapefiles were generated these
features and were summarized using the ArcGlIS application. Summary
statistics were generated for the number of households in each village,
and village populations were determined by calculating the number

of housetops and multiplying by a factor proportional to housetop

sizes. Average distances between households to streams or roads were
determined using spatial joins. Village population densities were estimated
using the ArcGIS Nearest Neighbor Tool. Summary population statistics
were generated for an entire Sierra Leonean chiefdom and compared
with the Sierra Leone 2015 Population and Housing Census. Village
characterization using the ENVI/ArcGIS approach described here has
great utility for carrying out research in remote areas and may provide a
viable alternative or complementary approach to more costly field-based
methods.

SOCIAL DETERMINANTS OF HEALTH ASSOCIATED WITH
LEPTOSPIROSIS IN A RURAL POPULATION IN CORDOBA-
COLOMBIA

Virginia C. Rodriguez, Ana M. Castro, Alfonso Calderén, Maria
F. Yasnot, Isabel Arcila, Luis F. Urango

Universidad de Cordoba, Monteria, Colombia

Leptospirosis is a zoonotic bacterial disease of worldwide importance,
caused by pathogenic species of the genus Leptospira. Despite the great
negative impact that it have on public health, little is known about the
environmental and social conditions that are important for its development
in Alto Sint in Cérdoba (Colombia). A cross-sectional descriptive study was
carried out from May to October 2018. By a randomized sampling 324
individuals from the localities of Crucito and Frasquillo of the municipality
of Tierralta-Cérdoba were included in the study. The informed consent
and the epidemiological record with articulated questions about the
structural and intermediate social determinants that could be related to
the disease were completed by the participants. A microagglutination

test (MAT) was performed on blood samples, and the seroprevalence was
determined. A univariate analysis of the information, associated tests and
statistical significance were performed. The majority of the population was
male adults residing in scattered, rural areas of low socioeconomic status
without fixed income and under the legal monthly minimum wages. The
largerst part of the population (95.5%) have not waste disposal or solid
waste management services and only 9.6% had an aqueduct service. The

existence of the disease was 58.3% and 27.47% had titers greater than
1:400. A risk association was determined for the presence of leptospirosis
in the waters of the dam in which the population engage in recreational
activities, bathe or fish. The environment where the population developed
has characteristics that act as coadjutants in the development of
leptospirosis. For example, inadequate basic sanitation conditions, close
coexistence with the animals, low level of schooling, difficult access to
the services of health and consumption of untreated water are all factors
that can increase the risk of contracting leptospirosis. The contact with
water from the dam is a risk factor that can actively participate in the
dissemination or development of contagious leptospirosis in the analyzed
population.

GENETIC DIVERSITY OF BARTONELLA SPP. IN VAMPIRE BATS
IN BRAZIL

Marcos Rogério André', Ricardo Gutierrez?, Priscila Ikeda', Renan
Amaral', Keyla Sousa?, Yaarit Nachum-Biala?, Luciana Lima?, Marta
Teixeira®, Rosangela Machado’, Shimon Harrus?

'"Universidade Estadual Paulista (UNESP), Jaboticabal, Brazil, *Koret School
of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot,
Israel, *Universidade de Sao Paulo (USP), Sao Paulo, Brazil

Recently, an increasing number of Bartonella species have emerged to
cause human diseases. Among animal reservoirs for Bartonella spp., bats
stand out due to their high mobility, wide distribution, social behavior,

and long-life span. Although studies on the role of vampire bats in

the epidemiology of rabies have been extensively investigated in Latin
America, information on the circulation and genetic diversity of Bartonella
species in these bat species is scarce. In the present work, 208 vampire
bats, namely Desmodus rotundus (the common vampire bat; n=167),
Diphylla ecaudata (the hairy-legged vampire bat; n=32) and Diaemus
youngii (the white-winged vampire bat; n=9) from 15 different states in
Brazil were sampled. DNA was extracted from liver tissue samples and
submitted to real-time PCR and conventional PCR assays for Bartonella
spp. targeting five genetic /oci, followed by phylogenetic and genotype
network analyses. Fifty-one out of 208 liver samples (24.51%) were
positive for Bartonella DNA in the ITS real-time PCR assay: 40 (78.43%)

of them were from D. rotundus from 11 states, and 11 (21.57%) samples
from D. ecaudata from three states. Eleven genotypes were found among
the obtained gltA and rpoB sequences. Several ITS sequences detected in
the present study clustered within the lineage that includes B. bacilliformis
and B. ancachensis. The Bayesian phylogenetic inference based on the
gltA gene positioned the obtained sequences in six different clades, closely
related to Bartonella genotypes previously detected in D. rotundus and
associated ectoparasites sampled in Latin America. On the other hand, the
Bartonella rpoB genotypes clustered together with the ruminant species, B.
schoenbuchensis and B. chomelii. The present study describes for the first
time the molecular detection of Bartonella spp. in D. ecaudata bats. It also
indicates that Bartonella spp. of vampire bats are genetically diverse and
geographically widespread in Brazil.

INVESTIGATION OF THE EMERGENCE OF TYPHUS GROUP
RICKETTSIA IN CENTRAL TEXAS

Leigh E. Preston’, Rebecca Fischer?, Kristy Murray?, Sarah Hamer?3,
John Midturi4, Rodion Gorchakov?, Bonnie Gulas-Wroblewskis,
Jennifer Horney!

Texas A&M University School of Public Health, College Station, TX, United
States, ?Baylor College of Medicine, Houston, TX, United States, *Texas
A&M University College of Veterinary Medicine, College Station, TX,
United States, *Baylor Scott & White Health, Temple, TX, United States,
>Texas A&M University Department of Wildlife and Fisheries Sciences,
College Station, TX, United States

Typhus group rickettsiosis (TGR) is a vector-borne disease caused by
Rickettsia typhi or Rickettsia prowazekii, transmitted via flea and thought
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to circulate among small mammals. TGR may present as non-specific and
resemble other febrile illnesses. Little is known about TGR in Texas, but
evidence of its recent emergence and spread highlights knowledge gaps
about its clinical and epidemiologic features. This study sought to describe
TGR clinical disease and risk factors, as well as identify animal hosts in
central Texas. Medical record abstractions were done on patients referred
for TGR testing at Baylor Scott & White (BSW) hospitals and clinics from
Jan 2012 to Aug 2018. Odds ratios (OR; 95% Cl) are reported for factors
associated with laboratory confirmed TGR. PCR for R. typhi was performed
on banked animal specimens collected in central Texas from Apr 2012

to May 2018. Of 384 patients referred for testing, 16 (4%) had TGR, 69
(18%) had Rocky Mountain spotted fever (RMSF), and 299 (78%) had
neither. The number of TGR cases increased from 0 in 2012 to 5in 2018
(p<0.001). Most TGR patients were febrile (87.5%) and suffered acute
liver injury (68.8%). Compared to RMSF patients, TGR patients were older
(OR: 1.06, per year; 1.01-1.10) and more likely to have liver signs (OR:
8.60; 2.06-35.96) and systemic inflammation (OR: 6.58; 1.21-35.89).
RMSF patients more often had heart disease (OR: 0.13; 0.02-0.77). TGR
patients lived on a farm, ranch, or wooded area (OR: 31.05; 4.01-240.17)
more often than patients without rickettsiosis. R. typhi was not detected
in animals (238 skunks, 196 canines, 7 opossums, 6 rodents, 2 raccoons).
This study confirms TGR as an emerging zoonosis in central Texas, making
clinician education on rickettsial diseases a critical next step. While no
specific animal was found to harbor R. typhi, it remains vital to explore
what species are involved in maintenance of transmission cycles in the
region. This study also revealed important discrepancies in diagnostic
criteria for clinical, surveillance, and research purposes, which likely
contributes to under-reporting and missed diagnoses, ultimately to an
underestimation of disease.

“"STOPPING THE ITCH”: MASS DRUG ADMINISTRATION
FOR SCABIES OUTBREAK CONTROL FOR OVER 15 MILLION
PEOPLE IN THE AMHARA REGION OF ETHIOPIA

Wendemagegn Embiale Yeshanehe', Tariku Baynie?, Ashenafi
Ayalews?, TekileHaimanot Gebrehiwot3, Tesfa Getanews?, Alie Ayal?,
Rony Zachariah#

'Bahir Dar University, Bahir Dar, Ethiopia, ’Amhara Health Bureau, Bahir
Dar, Ethiopia, *Amhara Public Health Institution, Bahir Dar, Ethiopia,
SUNICEF/UNDP/World Bank/WHO Special Programme for Research and
Training in Tropical Diseases (TDR), World Health Organization, Geneva,
Switzerland

Scabies is a Neglected Tropical Disease (NTD) of public health importance.
The Amhara region in Ethiopia is one of the scabies endemic area with
public health intervention since 2015. In June 2018 following screening
of more than 15 million people in house to house census intervention
was planned. This study was ubdertaken to describe the implementation
of mass drug administration campaign for scabies outbreak control and
community prevalence in the Amhara region of Ethiopia. Cross sectional
descriptive study using routine monitoring data from the Mass Drug
Administration (MDA) campaign. The study has included all individuals
screened for scabies during the MDA campaign in the region. The study
looked in to the numbers screened and identified with scabies (cases

and contacts); the proportion of detected scabies stratified by treatment
sub-groups. We used descriptive statistics to present the finding. From
May 14 to June 20 on the campaign planning 15701907 residents were
screened which has registered 718597 cases and 956017 contacts in 142
administrative districts. While the follow up treatment campaign from July
2 to August 26, 2018, has treated 815065 scabies cases and 1055071
contact. The regional mean scabies prevalence of 9 % (ranging 0.1 to
40.4%). 55.2% of cases are under 18 years old and 3.7 % of those are
below 2 years old. While Ivermectin was used to treat 93.7% of scabies
cases and 95.2% of contact the rest treated by Permethrin. There were
about 202 health workers per 100,000 population involved in the MDA
campaign and in each district the campaign has taken in average 6

days. In conclusion, the campaign has screened over 15 million people,
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delivering an Ivermectin based MDA for 1.87 million scabies cases and
their contact successfully. The experience will contribute to the WHO
initiative of development of scabies control framework.

THE POSSIBLE POLYMICROBIAL ETIOLOGY OF ALZHEIMER'S
AND RELATED DEMENTIA

Remi L. Landry’, Shiva K. Gadila?, Monica E. Embers?

"Tulane University School of Public Health and Tropical Medicine, New
Orleans, LA, United States, 2Tulane University National Primate Research
Center, Covington, LA, United States, 3Tulane University School of
Medicine, New Orleans, LA, United States

Observational and pathological studies have generated evidence for the
complexity and possible polymicrobial causality of dementia-inducing
diseases. It is thought that microbes and pathogens can act as triggers
and interact with genetic factors to initiate neuronal loss, progressive
synaptic dysfunction, the accumulation of amyloid-f peptide parenchymal
plagues, tau protein neurofibrillary tangles, and inflammation in the

brain. There is parallel concern regarding the role of persistent pathogens
in the development of chronic Lyme neuroborreliosis. Conversely,

review articles have suggested that Alzheimer’s disease (AD) could

be a neurospirochetosis. Evidence indicates that Borrelia burgdorferi,
Chlamydophila pneumoniae, and Candida albicans are able to infect and
evade the immune system and consequently are prevalent in the AD brain.
To examine the possibility that microbes are contributing to Lyme and AD
neuropathology, we will probe post-mortem brain tissues from patients
with a history of neurologic Lyme disease, Alzheimer’s disease, and non-
dementia controls. This broad approach will include immunofluorescent
staining with two separate antibodies and fluorochromes per pathogen,
RNA in situ hybridization to identify targets and assess their viability, PCR
with degenerate primers, and DNA and RNA next-generation sequencing.
Samples of the hippocampus, frontal and parietal cortices, and the inferior
temporal cortex will be sectioned for molecular detection and pathogen-
specific staining. We will employ a target enrichment approach by utilizing
oligonucleotides containing conserved species-specific sequences prior to
sequencing. Pathology in the form of inflammatory lesions and AD plaques
will be used as a road map for pathogen detection. Non-human primate
samples spiked with pathogen or free of infection will serve as positive and
negative controls, respectively. By completing this study, we expect to have
a comprehensive understanding of the roles of persisting pathogens in
both AD and Lyme disease.

SYSTEMATIC REVIEW OF SCRUB TYPHUS DRUG EFFICACY
STUDY LANDSCAPE

Kartika Saraswati’, Brittany Maguire?, Sauman Singh?, Nicholas
P. Day?, Philippe J. Guérin?

'Eijkman-Oxtford Clinical Research Unit, Eijkman Institute for Molecular
Biology, Jakarta, Indonesia, Infectious Diseases Data Observatory (IDDO),
Centre for Tropical Medicine and Global Health, Nuffield Department of
Medicine, University of Oxford, Oxford, United Kingdom, *Mahidol-Oxford
Tropical Medicine Research Unit, Faculty of Tropical Medicine, Mahidol
University, Bangkok, Thailand

One billion people are at risk of scrub typhus. Considering the magnitude
of this public health problem, the evidence available to optimise
treatments and disease control is sparse. Existing data collected from past
clinical trials and longitudinal observational studies could be a source of
information to address research priorities and knowledge gaps. Meta-
analysis using an individual participant-level data (IPD) approach can
produce a more representative secondary analysis because it facilitates the
use of data from observational studies as well. We conducted a systematic
review to assess the characteristics of scrub typhus clinical studies, the
strength of evidence supporting current recommendations and to explore
the feasibility of developing a scrub typhus IPD platform. Six databases and
two clinical trial registries were searched for clinical trials and longitudinal
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observational studies conducted between 1998 and 2018. Variables for
extraction include treatment tested, patient characteristics, diagnostic
methods, geographical location, outcome measures, and statistical
methodology. The literature searches identified 5,163 citations, of which
2,647 unique articles were independently screened by two reviewers. A
total of 95 studies (7 clinical trials and 88 observational studies) met the
pre-specified inclusion criteria. The studies have been conducted in 11
countries and enrolled a total of 9,010 patients. Although there were only
a few scrub typhus clinical trials found, there are substantially more data
available from observational studies. Understanding the landscape of scrub
typhus treatment studies allows assessment of the feasibility of addressing
research questions using IPD meta-analysis method as well as research gap
analysis.

MOLECULAR CHARACTERIZATION OF BARTONELLA SPECIES
IN ECTOPARASITES COLLECTED FROM DOMESTIC ANIMALS,
CUZCO, PERU

Carmen Flores-Mendoza', Steev Loyola’, Ju Jiang?, Mariza
Lozano', Michael Fisher', Allen L. Richards3

'U.S. Naval Medical Research Unit No. 6, Callao, Peru, *Medical Research
Center, Silver Spring, MD, United States, *Uniformed Services University of
the Health Sciences, Bethesda, MD, United States

Rickettsiae and bartonellae are Gram-negative bacteria that cause zoonotic
and human diseases and are vectored by hematophagous arthropods

such as mites, ticks, lice, sandflies, and kissing bugs. In the Americas,
rickettsioses and bartonelloses have reemerged as a significant public
health threats. A total of 222 domestic animals representing 8 different
species of domestic animals (donkeys, horses, cattle, pigs, goats, guinea
pigs, sheep and llamas) were sampled. Ectoparasites (n=1,697) collected
from 122 of the animals were identified: 1657 lice, 39 ticks, and 1 flea.

A total of 600 (35%) samples were DNA extracted for gPCR from the
following ectoparasite species: Tunga penetrans (1), Bovicola caprae (3),
Haematopinus eurysternus (3), Bovicola equinus, (8), Bovicola bovis (8),
Linognathus stenopsis (15), Haematopinus suis (22), Otobius megnini

(35), and Melophagus ovinus (505). All samples tested were negative

for rickettsial DNA. A total of 173 (28.8%) DNA samples were screened
for Bartonella by a genus-specific gPCR assay (StepOne Plus). Bartonella
positive samples (n=91) were identified with threshold (Ct) values ranging
14.7 t0 29.8 (mean: 21.4). For Bartonella species identification, PCR
primers targeting gltA, rpoB, ftsZ, rrs and groEL genes fragments were
used. Bartonella bacilliformis served as the PCR positive control. Seven PCR
products were sequenced using Big Dye terminator kit and 3130XL genetic
analyzer sequencing. According to Mega Analysis Software (version
7.0.21) and multilocus sequence typing analysis (MLST) gltA, rpoB, ftsZ,
rrs and groEL gene sequences were found to matched to two Bartonella
species: Bartonella melophagi and and an Bartonella bovis-like agent.
Bartonella species are associated with disease in humans and animals. B.
melophagi has been found in human blood but we do not know the roll
of Bartonella bovis-like agent in human disease. Human and veterinary
clinicians should be aware of the potential for louse-borne disease due to
these Bartonella species. Research is on-going to determine the identity of
the Bartonella bovis-like agent.

INVESTIGATING THE PREVALENCE OF PREVIOUS SPOTTED
FEVER GROUP RICKETTSIA EXPOSURE ALONG THE
SOUTHERN BORDER OF MONGOLIA

Michael E. von Fricken’, Matthew A. Voorhees?, Carmen Asbun’,
Brandon Lam?, Paul Kuehnert?, Jeffrey W. Koehler?, Barbara
Qurollo®, Dulamjav Jamsransuren®, Dolgorkhand Adiyadorj?,
Uyanaga Baasandagwas, Battsetseg Jigjav®, Randal J. Schoepp?
'George Mason University, Fairfax, VA, United States, 2United States Army
Medical Research Institute of Infectious Diseases (USAMRIID), Fort Detrick,

MD, United States, 3Johns Hopkins School of Medicine, Baltimore, MD,
United States, “North Carolina State University, Raleigh, NC, United States,
°*National Center for Zoonotic Diseases, Ulaanbaatar, Mongolia

Ticks are second only to mosquitoes as vectors of disease. Human tick-
borne disease occurs through the bite of an infected tick, thus outdoor
occupations in tick habitats are put humans at a higher risk of disease
exposure. In Mongolia, 26% of the population relies on nomadic herding,
which places them in contact with ticks and tick-borne diseases like
rickettsia. This study was undertaken to investigate the extent of rickettsia
exposure occurring in the nomadic population a total of 1,926 human
serum samples were collected from southern Mongolia in 2013-2014,
across five aimags (provinces) including Bayankhongor, Dornogovi, Govi-
Altai, Khovd, and Omndgovi. Immunofluorescence assays (IFA) were

used at an initial screen of 1:100 to detect previous rickettsia exposure
compared to R. rickettsii and R. conorii controls. Of the 506 slides
screened thus far, 114 (22%) had antibody evidence of previous exposure.
Additional analysis pending to determine hotspots of disease and the full
extent of previous exposure. Rickettsia exposures are occurring along the
southern border of Mongolia at a high rate based on antibody prevalence.
Known species of spotted fever group rickettsia detected in ticks collected
in Mongolia include R. raoultii, R. sibirica, and R. sibirica mongoloitimonae,
with Candidatus R. tarasevichiae endemic in the north. These preliminary
findings align with previous work in other parts of Mongolia that found
~20% seroprevalence, suggesting exposure occurs frequently and across a
wide geographic range.

IMPROVING THE MOLECULAR DIAGNOSIS OF SCABIES
USING A PCR ASSAY TARGETING HIGH COPY NUMBER
REPEATS IDENTIFIED IN THE PARASITE GENOME

Cielo Pasay', Lena Chng', Deborah Holt?, Katja Fischer’, Matt
Field?, Josh Francis®, Dev Tilakaratnes, Zuleima Pava-Imitola', Kate
Mounseys, Asha Bowen’, Tony Papenfuss?, Bart Currie?, James
McCarthy!

'QIMR Berghofer Medical Research Institute, Brisbane, Queensland,
Australia, ?Menzies School of Health Research, RDH Campus, Darwin, NT,
Australia, *James Cook University, Cairns, Queensland, Australia, “Royal
Darwin Hospital, Tiwi, NT, Australia, *Darwin Dermatology Clinic, Tiwi,

NT, Australia, *University of Sunshine Coast, Sippy Downs, Queensland,
Australia, "Perth Children’s Hospital, Nedlands, WA, Australia, ®The Walter
and Eliza Hall Institute of Medical Research, Parkville, Victoria, Australia

In recent years, considerable advances have been made in molecular
diagnostic methods for many pathogens. This escalation in interest has
occurred in parallel with data indicating inaccuracy of scabies diagnostics
using currently available methods. With the recent availability of the
scabies genome, we have developed two pilot diagnostic PCR assays
targeting abundant repetitive DNA elements. These two abundant
repetitive sequences were identified from Next Generation Sequencing
(NGS) of scabies mite genomes: a >400bp satellite sequence and a

606bp LTR sequence. These targets generated > 200 and 300 BLAST

hits respectively, across datasets assessed. The sensitivity of these new
assays is being compared against a published reference assay targeting

the Cox1 gene. To enhance assay performance, a mite DNA extraction
method is also being optimised using a non-invasive (flocked swabs)
sample collection methodology and will be tested against the standard
skin scraping method. Results of assay optimisation and of gPCR sensitivity
and specificity will be presented. A more sensitive and specific diagnostic
assay for scabies would greatly assist clinical management, epidemiological
studies and ease the conduct of trials to assess new acaricides.
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SCRUB TYPHUS-AN EMERGING ETIOLOGY OF ACUTE FEVER
WITH JAUNDICE IN ADULTS PRESENTING TO A TERTIARY
CARE HOSPITAL IN NORTH INDIA

Vikas Suri, Mandeep Singh, Ajay Duseja, Manisha Biswal, Mini P
Singh, Kamran Zaman, Ashok k Pannu, Kapil Goyal, Ashish Bhalla,
Rk Ratho, Sanjay Jain, Savita Kumari

PGIMER, Chandigarh, India

Fever with jaundice or tropical jaundice is a common presenting feature of
the patients visiting for emergency medical care.140 adult patients (more
than or equal to 14 years of age) with acute fever (body temperature

> 101°F of 14 days or less in duration) without any localized source

of infection on initial clinical evaluation accompanied with jaundice
(hyperbilirubinemia > 1.5 mg/dl or elevation of aspartate aminotransferase
or alanine aminotransferase more than three times upper limit of the
reference range) were enrolled. All these patients with fever and jaundice
were evaluated on the basis of a standard proforma and were evaluated
for malaria (peripheral smears/rapid diagnostic kits), scrub typhus( PCR /
IgM ELISA),leptospirosis(IgM ELISA), enteric fever by blood cultures and
dengue by dengue (NS1 antigen test and IgM ELISA),Hepatitis(IgM ELISA
of EBV/HSV, IgM ELISA of HAV/HEV and HBsAg with IgM HBc ELISA if
HBsAg positive)59.5% were males and 40.5% were females. The mean
duration of fever before the presentation was 7.75 + 3.58 days.7 patients
(5%) died. 133 patients (95%) improved with treatment and were
discharged. Scrub typhus 30 (21.4%), Hepatitis E 18 (12.8%), malaria

9 (6.4%), dengue fever, enteric fever, hepatitis A and leptospirosis in 12
(8.5%), 2 (1.4%), 4 (2.2%) patients and 1 (0.7 %) patient respectively
were the prominent etiology a patient presenting with fever and

jaundice . Probable sepsis (Fulfilling SIRS criteria with a negative culture)
accounted for 40 patients. Conjunctival suffusion (OR=22.17), severe
anemia (OR=5.5), respiratory crepitations (OR=5.27), thrombocytopenia
(OR=1.14), hepatomegaly (OR=1.04), normal INR (OR=0.29) and altered
mentation (OR=0.25) were significant predictors of a diagnosis of scrub
typhus in patients with fever and jaundice. Severe anemia (Hb<8),
Hypoalbuminemia, severe thrombocytopenia (Platelet count <50,000)
and a near normal INR at admission were predictors of a malarial vs a viral
etiology of Tropical jaundice. Co-infection with scrub typhus and malaria
was seen in 4 patients (vivax-3 and falciparum-1) and viral hepatitis A & E
was observed in 3 patients.

MOLECULAR DETECTION OF SELECT MOSQUITO- AND TICK-
BORNE DISEASES IN BELIZE

Lynne Sloan’, Elitza Theel’, Dane Granger', Gerhaldine Morazan?,
John W. Wilson', Nicole Achee3, John Grieco®, Bobbi Pritt’

'"Mayo Clinic, Rochester, MIN, United States, *Central Medical Laboratory,
Belize City, Belize, *University of Notre Dame, Notre Dame, IN, United
States

The prevalence of vector-borne diseases (VBDs) is not routinely monitored
in resource-limited countries such as Belize. As a component of a
collaborative effort with the Mayo Clinic, University of Notre Dame and
Belize Ministry of Health, we aimed to determine the value of PCR testing
for 4 mosquito- and 11 tick-borne pathogens in conjunction with serology
in acutely-ill patients suspected of having a VBD. Sera were collected
from Belizean patients with suspected acute VBD (1-5 days post-symptom
onset) during 3/2017-12/2018. Nucleic acid was extracted (Roche
MagNAPure) and PCR testing was performed (Roche LC instruments) for
15 VBD pathogens: Anaplasma phagocytophilum, Ehrlichia chaffeensis,
Ehrlichia ewingii, Ehrlichia muris, Babesia microti, Babesia divergens,
Babesia duncanii, Borrelia miyamotoi, Borrelia hermsii, Borrelia parkeri,
Borrelia turicatae, West Nile virus (WNV), Dengue virus (DENV), Zika virus
(ZIKV), and Chikungunya virus (CHIKV). PCR for 15 VBD pathogens was
performed on sera from 77 patients (1155 analyses). Patients comprised
42 women, 31 men, 4 unknown; median age was 27 years (range 1-59).
Among PCR tests for mosquito-borne pathogens, only 1 specimen was
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DENV PCR positive, while the remaining 76 were negative. In comparison,
serologic testing performed on 42 of the 77 specimens revealed 2
specimens with possible past DENV infection (IgM-/lgG+/NS1 Ag-), 11
presumptive and 1 possible positive ZIKV IgM positive and 1 Flavivirus,
NOS positive results. No specimens were positive for antibodies to WNV
and CHIKV. All PCR tests for tick-borne pathogens were negative. In
comparison, serology performed on 44 of the 77 specimens showed
seropositivity rates of 14% for B. microti, 14% for E. chaffeensis, and 9%
for A. phagocytophilum. Molecular testing has been previously shown to
play an important but limited role in detection of acute VBD. Our results
support this finding, with the detection of only a single positive PCR result
(DENV) among 77 patients with suspected acute VBD. These results may
be used to shape VBD testing programs in Central American countries
such as Belize where testing resources are limited.

NUCLEIC ACID-BASED ASSAYS FOR DETECTION OF TICK-
BORNE ANAPLASMA PHAGOCYTOPHILUM AND BORRELIA
MIYAMOTOI

Scott Meredith, Hong Zheng, Victoria Majam, Sanjai Kumar
Food and Drug Administration, Silver Spring, MD, United States

Tick-borne pathogens present a significant public health problem and

a risk to blood safety in the United States and elsewhere. Two such
pathogens, Anaplasma phagocytophilum and Borrelia miyamotoi, are
rapidly emerging and represent a matter of concern for U.S. blood safety;
both pathogens are transmitted by the black-legged tick species (Ixodes
scapularis and I. pacificus) and have been observed to survive in blood
products. A. phagocytophilum has caused at least 10 cases of transfusion-
transmitted human granulocytic anaplasmosis (HGA), while B. miyamotoi,
a causative agent of tick-borne relapsing fever (TBRF), has been observed
to be transmissible by blood in animal models. Despite this, no FDA-
licensed tests for diagnostic or donor screening exist for either agent.

To support the development of these assays, we are developing nucleic
acid amplification test (NAT) for both pathogens. Protocols for culturing
both bacteria have been designed based on methods from the published
literature, which allows careful development of the NAT reference panel
at low bacteria densities. Methods for purification, amplification, and
detection of pathogen nucleic acids are currently under development.
Primer sequences for amplification of an appropriate target gene have
been designed for both pathogens. These target genes, the 16S rRNA
sequence or GIpQ in B. miyamotoi and msp2 in A. phagocytophilum, have
been previously identified and evaluated in the literature. Throughout the
development of the NAT assays, other promising amplification targets
may be identified by analysis of purified gDNA or cDNA, in this case,

new primers may be developed and evaluated for their effectiveness in
diagnostic and detection assays. The NAT reference panel will be evaluated
by qPCR with SYBR Green | fluorescent dye. Sequence-specific probes
may be designed for newly identified amplification targets throughout
the course of assay development. The results of NAT assays for A.
phagocytophilum and B. miyamotoi will be presented.

MOLECULAR DETECTION OF KNOWN < POTENTIALLY
NEW BARTONELLA SPECIES IN ARTHROPOD VECTORS
CIRCULATING IN PERU

Giovanna Mendoza, Victor Alberto Jimenez- Vasquez, Yanina
Zarate-Sulca

Instituto Nacional de Salud-Pert, Lima, Peru

Nine out of 32 recognized species of Bartonella genus, are known as
human diseases agents transmited by different arthropod vectors. However
the transmission of unidentified Bartonella sp is still poorly understood,
especially in rural areas of peruvian andean valleys. The aim of the study
was the molecular identification of Bartonella sp in arthropod vectors

from endemic localities in Peru. We collected ticks, pet fleas, and sheep
flies from cats, dogs, guinea-pigs, in 10 sites. We extracted DNA from 677
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arthropod pools and designed nested PCR primers to amplified ITS region.
DNA sequences obtained by Sanger sequencing, were aligned with other
Gen Bank sequences and a maximum likelihood (ML) tree was stimated.
We successfully detected Bartonella in 29.5% of samples. Our ML tree
generated clades according with all species included in the alignment with
supported nodes. The identified species were: B.henselae, B.clarridgeiae,
B. rochalimae and B. vinsonii. However, 11 sequences amplified from M.
ovinus and R. sanguineus sampled in sheeps and dogs presented 100%
similarity with 2 unidentified Bartonella deposited in GenBank (accessions
AF415209 and EU189218), while 1 sequence amplified from P irritans
found in guinea-pig presented 99.61% similarity with another undescribed
Bartonella species (accession AF415210). Our nested specific PCR primers
detected 4 known species and probably 2 new undescribed Bartonella
species. Our research detected 29.5% of positive samples in contrast with
other studies carried out by Parola 2002 and Nelder 2009, they detected
less 10% and found these two unidentified Bartonella in sheeps and gray
squirrel ectoparasites, respectively. We cannot discard the fact that some
clinical manifestations could be associated with transmission of these still
uncharacterized and uncultured Bartonella species. We suggest complete
the research with methodologies like MLST or metagenomic sequencing.
This study demonstrates the circulation of undescribed Bartonella species
in Peru highlights the necessity of carry out new and more complex studies
in order to understand present and future bartonellosis outbreaks

PROFILING OF MALARIA INFECTION IN ASYMPTOMATIC
POPULATION IN KISUMU COUNTY, WESTERN KENYA

Benjamin Humphrey Opot, Hosea Akala, Raphael Okoth,
Gladys Chemwor, Charles Okello, Redeptah Yeda, Edwin Mwakio,
Jackline Juma, Agnes Cheruiyot, Dennis Juma, Ben Andagalu, Jim
Ray Managbanag

United States Army Medical Research Directorate - Kenya, Nairobi, Kenya

Countries in malaria-endemic zones aim to enter pre-elimination phase.
There is scanty information on the burden of asymptomatic malaria and
its contribution in sustaining transmission in malaria holoendemic regions.
This study aims to determine the burden of malaria parasite among
asymptomatic cases. 480 individuals from Kisumu County were grouped
into 29 clusters. Each cluster containing 4 households was followed up
monthly between July 2015 and June 2016 and was tested for malaria
by real-time reverse transcription PCR (rt RT-PCR). Malaria positive cases
were treated with artemether-lumefantrine and further screened for
Plasmodium falciparum 16 (Pf16) early, 25 (Pf25) late gametocytes
stages and Plasmodium species. Prevalence of malaria was established at
baseline diagnosis and incidence per house hold and per cluster across
the study period. Fifty-six percent (2375/4214) of the tested participants
were positive for malaria at multiple follow-up time-points. A case study
of one of the clusters showed subsequent positive malaria detection of
72.2+21% infected during visit 5 to visit 9. Of these malaria positive
samples, 68% harboured gametocytes comprising 48% both Pf16 and
Pf25 stages, 19% Pf16 only and 1% Pf25 only. 70% were positive for

P falciparum only, 6.7% had mixed-infections of P falciparum and P
malariae, 10% had P falciparum, P malariae and P ovale while 1 was

P falciparum and P ovale mixed infection. The Pf16 positive samples
comprised 11 P falciparum mono infections and 1 P falciparum and P
ovale. Only 15% of samples that had no gametocytes were positive for
P falciparum single species infections. Gametocyte prevalence remained
comparable despite artemisinin-based combination therapy (ACT)
administration upon positive diagnosis suggesting that asymptomatic
cases are involved in transmission of malaria. High rate of gametocytemia
among mixed species infections than those comprising P, falciparum single
species infections suggest that other species are involved in modulating
Pf transmission. Analyses are underway to determine if recurrent
gametocytemia is due to recrudescence or new infections.

SPATIAL DISTRIBUTION AND ALLELE FREQUENCIES OF
THIOESTER CONTAINING PROTEIN 1 (TEP1) GENE, A KEY
IMMUNE GENE AGAINST PLASMODIUM INFECTION IN
ANOPHELES GAMBIAE MOSQUITOES IN KENYA

Shirley Akinyi Onyango’, Andrew K. Githeko?, Yaw A. Afrane?,
Kevin O. Ochwedo*, Harrysone Atieli®, James W. Kazura®, Guiyan
Yan’

'Kenyatta University, Nairobi, Kenya, *Kenya Medical Research Institute,
Kisumu, Kenya, 3University of Ghana, Ghana, Ghana, *International Center
of Excellence for Malaria Research, Homa bay, Kenya, °International Center
of Excellence for Malaria Research, Homa Bay, Kenya, ®Case Western
Reserve University, Cleaveland, OH, United States, ’University of Carlifonia,
Irvine, Irvine, CA, United States

Anopheles gambiae mosquitoes are efficient vectors for malaria in
sub-Saharan Africa. Implemented control interventions, climate change,
and environmental modifications enhance the local mosquito densities
promoting selection of efficient malaria vectors either resistant or
susceptible to Plasmodium and insecticides. In An. gambiae, the thioester-
containing protein 1 (TEP1) is a highly polymorphic gene crucial in the
mosquito’s immune system and exhibits defenses against Plasmodium
parasites. The TEP1 displays allelic variations associated with distinct
genotypes in its resistance to malaria infections. Interactions between
Anopheles and Plasmodium parasites are a potential target for blocking
transmission. Therefore, genotyping local populations is critical for
monitoring changes in mosquito densities that may explain variations
in malaria prevalence within different settings. Female An. gambiae s.|.
Mosquitoes were collected from Homabay, Vihiga, and Kakamega in
western Kenya, and further identified to species using PCR. PCR-RFLP
method was used to determine the TEP1 allelic classes. Mosquitoes
collected from Homa Bay were all An. arabiensis, and they exhibited R1
(11%), S1(68%), S2 (20%) and R2 (1%) alleles whereas Vihiga had R1
(22%), S1 (50%), S2 (6%) and R2 (22%). Kakamega had R1 (25%), S1
(56%), and S2 (19%), but no R2 allele was detected. The frequencies
of TEP1 allele classes in Anopheles species varied significantly among
locations, suggesting spatial heterogeneity in vector competence to
malaria parasites.

MASSIVE BEHAVIORAL AND GENOMIC VARIATION IN AEDES
AEGYPTI ACROSS SUB-SAHARAN AFRICA

Noah H. Rose’, Massamba Sylla?, Diego Ayala?, Joel Lutomiah?,
Athanase Badolo®, Jewelna Akorlis, Ogechukwu Aribodor?,
Nnenna Ibe', John-Paul Mutebi?, Rosemary Sang?, Jacob E.
Crawford®, Bradley J. White?, Carolyn S. McBride'

'Princeton University, Princeton, NJ, United States, *Université Cheikh
Anta Diop, Dakar, Senegal, *Centre International de Recherches Médicales
de Franceville, Franceville, Gabon, “Kenya Medlical Research Institute,
Nairobi, Kenya, *University of Ouagadougou, Ouagadougou, Burkina
Faso, ®Noguchi Memorial Institute for Medical Research, Accra, Ghana,
’Nnamdi Azikiwe University, Awka, Nigeria, ®Centers for Disease Control
and Prevention, Fort Collins, CO, United States, °Verily, Mountain View,
CA, United States

The recent evolution of a strong preference for human hosts in the globally
invasive form of Aedes aegypti promotes the transmission of the Zika,
dengue, chikungunya, and yellow fever viruses. Recent evidence suggests
that this form of Ae. aegypti may have originated in West Africa about
10,000 years ago, but the geographical distribution, ecological correlates,
and genetic determinants of preference for human hosts in ancestral
African populations are largely unknown. Although African populations
are often thought to be primarily animal-biting or opportunistic, they
occupy diverse habitats ranging from forests where they encounter few
human hosts to highly urbanized cities where humans are by far the
most common potential host. We characterized behavioral and genomic
variation in 26 forest, rural, and urban populations from seven countries
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across sub-Saharan Africa. Behavior varied more or less continuously
across the continent, ranging from strong preference for animal odors

to strong preference for human odor in our assay. Both climatic variables
and human population densities predicted behavior, with preference for
humans appearing in relatively densely populated areas with high seasonal
variation in precipitation in a band across the southern Sahel region. One
population in Northern Senegal showed nearly as great a preference for
human hosts as a laboratory strains derived from the globally invasive
human specialist form. We also use whole genome sequence data to
identify genomic /loci and evolutionary processes that contribute to
behavioral divergence between populations.

COMPUTATIONAL KARYOTYPING OF POLYMORPHIC
CHROMOSOMAL INVERSIONS IN THE MAJOR MALARIA
VECTORS ANOPHELES COLUZZII AND AN. GAMBIAE

R. Rebecca Love’, Seth Redmond?, Marco Pombi3, Beniamino
Caputo?, Vincenzo Petrarca?, Alessandra della Torre3, The
Anopheles gambiae 1000 Genomes Consortium?, Nora J.
Besansky!

'University of Notre Dame, Notre Dame, IN, United States, ?Institute Vector
Borne Disease, Monash University, Melbourne, Australia, *Dipartimento di
Sanita Pubblica e Malattie Infettive, Laboratory affiliated to Istituto Pasteur
Italia - Fondazione Cenci Bolognetti, Sapienza University of Rome, Rome,
Italy

Chromosomal inversions are a type of genomic structural variant

that arises when a segment of DNA breaks, rotates 180 degrees, and
reattaches. Because inversions can protect sets of alleles from being
separated through recombination, they have wide-ranging and long-
studied consequences. In the Anopheles gambiae complex, which includes
the major malaria vectors An. arabiensis, An. coluzzii, and An. gambiae,
paracentric chromosomal inversion polymorphism can complicate both
genomic analysis and vector control; in these species, chromosomal
inversions are associated with variation in traits as diverse as indoor-
outdoor resting behavior, aridity tolerance, and Plasmodium infection
rates. However, nearly all common chromosomal inversions in these
species are currently identified cytogenetically, through the labor-intensive
preparation and examination of slides of stained chromosomes. This
process requires not only extensive expert knowledge, but also the ovaries
of half-gravid female mosquitoes, severely limiting the contexts in which
the roles of chromosomal inversions can be explored. By leveraging the
genomic resources of the Anopheles gambiae 1000 Genomes Project
(Ag1000G), as well as known cytogenetic karyotypes, we developed and
validated an innovative computational method for accurately genotyping
chromosomal inversions based on single nucleotide polymorphism (SNP)
data. In An. gambiae and, where applicable, An. coluzzii, our methods can
predict the genotype of inversions 2La, 2Rj, 2Rb, 2Rc, 2Rd, and 2Ru with
accuracy well above 90%. Our results suggest this method is also capable
of accurately genotyping the same chromosomal inversions in mosquitoes
sequenced to lower coverage than is typical of the specimens included in
Ag1000G.

METAGENOMIC PROFILING FROM ANOPHELES GAMBIAE
INDIVIDUAL GENOME SHOTGUN SEQUENCING DATA IN
AG1000G PROJECT

Jiannong Xu, Dong Pei, Jinjin Jiang, Yuxin Yan, Jiandong Wang,
Ashmita Pandey
New Mexico State University, Las Cruces, NM, United States

Anopheles gambiae Ag1000G project aims to profile natural genetic
variation using individual genome shotgun sequencing data from wild
specimens in Africa. In the sequencing output, there are reads derived
from non-mosquito sources, largely from associated microbiota and blood
source. We developed a pipeline to profile metagenomic composition
and genetic capacity. The reads were mapped against An. gambiae
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reference genome to extract non-mosquito reads. The non-mosquito
reads were used for further characterization. Two approaches were used.
(1) The non-mosquito reads were mapped against Microbial Reference
Database to get a peek of possible taxa, and (2) the non-mosquito reads
were assembled into contigs for taxonomic and functional annotation.
Reference reads mapping revealed taxa of fungi, bacteria, viruses and
protists, but only <2% reads have hits. Assembled contigs contain more
sequence information for annotation. In some cases, the size of contigs
is longer than 10kb. In individuals that had taken blood, sequences of
human and Plasmodium were discovered. Enteric bacteria, Acinetobacter
and Elizabethkingia were often found, but abundance was not high.
Quite portion of identified fungal taxa belong to Ascomycota. Mosquito-
associated viruses like Mononegavirus were found in some individuals.
At nucleotide level, usually less than 20% contigs have homologues with
>70% identity. In most cases, >50% contigs do not have good nucleotide
hit to any entries in the database. Apparently these contigs were derived
from unidentified taxa. In these novel taxa, some predicted protein
sequences show a similarity to fungal taxa. The data indicate that bacteria
may not be predominant in the microbiota, fungi are more abundant
than what we thought. There are large number of novel taxa that are
associated with wild An. gambiae. Based on annotated genes, metabolic
pathways can be predicted. Chemical ecology may be similar in different
microbial communities in which taxonomic composition may vary. The
shotgun sequencing data are a valuable source to characterize mosquito
microbiome comprehensively.

SEX-SPECIFIC TRANSCRIPTIONAL PROFILING IN THE
MOSQUITO, CULEX PIPIENS

Patricia Kamanda, Cheolho Sim
Baylor University, Waco, TX, United States

The autoregulatory pathway controlling sex determination is highly
variable and has been identified in only a few non-mammalian model
species. Therefore, sex determination in mosquitoes is largely unknown.
Previous research suggests that a dominant male-determining factor,
depending on the mosquito species, is the primary signal that initiates
controls sex determination and initiates male development. In this study,
we identify sex-specific transcripts indicative of sex-determining function
in the Culex pipiens complex mosquitoes that transmit many human
pathogens such as West Nile virus and filarial nematodes. We investigated
sex-specific transcripts in the mosquito, Cx. pipiens. We used lllumina
RNA-Seq to simultaneously identify and quantify differences in transcript
abundance between male and female in two developmental stages, pupae
and adult. We found 76 genes with differences in transcript abundance
between male and female in the pupal stage and 214 genes in the adult
stage. In addition, we also uncovered the sex-specific morphological key in
pupal stage of Cx. pipiens. A deeper understanding of the genetic basis of
sex-specific traits may provide a novel method of control for these disease
vectors including sterile insect technology.

OXIDOREDUCTIN-LIKE PROTEIN AND PDZ ENHANCE THE
COLD TOLERANCE IN THE OVERWINTERING DIAPAUSE OF
THE MOSQUITO CULEX PIPIENS

Bryan P. King
Baylor University, Waco, TX, United States

Stress tolerance and low temperature survival are a few key features of
the diapause program for the mosquito Culex pipiens to have a successful
overwintering period. Here, we suggest two enzymes; oxidoreductin-like
protein and PDZ are involved with these diapausing characteristics for
overwintering survival. The gene that encodes oxidoreductin-like protein
was suppressed by RNAI, and the proportion of degenerating follicles
were assessed. Consequently, suppression of the oxidoreductin-like
protein with RNAI significantly increased the proportion of degenerating
follicles in diapausing mosquitoes. Similarly, the gene that encodes PDZ
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was also suppressed by RNAI, and F-actin polymerization was assessed

in the midgut and ovaries of Cx. pipiens. Inhibition of oxidoreductin-like
protein and PDZ significantly reduce the survivability of diapausing female
mosquitos, which indicates that these enzymes play key roles in protecting
multiple tissues during early diapause.

MOLECULAR KARYOTYPING OF CHROMOSOMAL INVERSION
2RB IN ANOPHELES GAMBIAE AND AN. COLUZzZII

Raquel Montanez Gonzalez', R. Rebecca Love', Verena Pichler?,
Maria Calzetta?, Marco Pombi?, Beniamino Caputo?, Alessandra
Dellatorre?, Nora J. Besansky!

'University of Notre Dame, Notre Dame, IN, United States, *Sapienza
University of Rome, Rome, Italy

The Afrotropical mosquitoes Anopheles gambiae and An. coluzzii are

the deadliest vectors of human malaria. Types of structural chromosomal
mutations known as chromosomal inversions are very common in these
species and they appear to play important roles in ecological adaptation,
influencing mosquito behavior and physiology in ways relevant to malaria
epidemiology and control. Inversion 2Rb is the only pan-African An.
gambiae inversion lacking a cheap and reliable molecular genotyping
assay. Current methods of microscopical karyotyping are time consuming,
prone to human error, and feasible only for female mosquitoes at one
particular developmental stage—and only if they are properly preserved.
Failure to account for inversion status is a barrier to further knowledge of
important vector traits (e.g. biting and resting behavior, seasonality, aridity
tolerance and Plasmodium infection rates), which can be influenced by
inversions. To overcome this limitation, we exploited genome sequences
of cytogenetically karyotyped specimens to identify tag SNPs (Single
Nucleotide Polymorphisms) highly predictive of inversion status. Using
these SNPs, three low cost PCR-RFLP (Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism) diagnostic assays were
developed and then validated on cytogenetically karyotyped population
samples field collected from eight different African countries (Benin,
Burkina Faso, Cameroon, The Gambia, Guinea Bissau, Mali, Senegal,
Tanzania). One assay showed a high concordance rate of 95% between
PCR-RFLP and cytogenetic approaches in both An. gambiae (N=437) and
An. coluzzii (N=133), and the other two assays agreed well (93%-97%)
on either one or the other species only. The combination of the two

most specific assays provides a useful diagnostic for inversion 2Rb in An.
gambiae and An. coluzzii with a concordance rate of >96% with the ‘gold
standard’ cytogenetic karyotyping method and opens the way to extensive
assessment of the adaptive role of this inversion.

CONSTRUCTING A MODEL OF GENE EXPRESSION
REGULATION IN ANOPHELES SALIVARY GLANDS

Michael B. Wells, Deborah J. Andrew
Johns Hopkins University, Baltimore, MD, United States

Mosquito-borne diseases remain among the deadliest threats to human
health. Despite substantial diversity among the pathogens that mosquitoes
spread, one commonality among them is that viruses and microbes must
invade the mosquito salivary glands (SGs) and enter the salivary duct to

be transmitted to a new host, during probing prior to the next blood

meal. SGs are a high-priority target for new interventions for blocking
transmission. Mosquito SGs display remarkable sexual dimorphism and
functional distinctions. Female SGs are composed of two lateral lobes
(with proximal and distal portions) flanking a medial lobe. An open ended
duct runs most of the length of the lateral lobes and a short distance into
the medial lobe. Each region adds different protein components to the
saliva, which is thought to contribute to both sugar and blood feeding.
The male SG, which contributes to sugar feeding, is made up of a single
lobe (most similar to the female proximal lateral lobe) with a closed salivary
duct running nearly the entire length of the SG. We propose that at least
three types of factors coordinately regulate mosquito SG gene expression.

SG transcription factors, including Fork head, Sage, Senseless, and
CrebA likely provide SG identity, developmental progression, homeostatic
maintenance, and secretory cargo identity. Sex determination cues may
guide male versus female developmental, structural, and secretory fates.
Finally, ecdysone hormone signaling is likely to play a role in stage-
specific gene expression during developmental transitions. We discovered
that both female and male SGs contain male-biased characteristics in
Anopheles gambiae and female-biased characteristics in Anopheles
stephensi. We find that gene expression may be regulated differently
between SG secretory cells and duct-associated cells just outside the
secretory portion of the SG. Here, we present our model, preliminary
findings, and plans to interrogate this phenomenon. We will genetically,
or molecularly, reduce female SG function, imposing additional barriers to
pathogen invasion and reducing production of saliva proteins critical for
pathogen transmission.

DEVELOPMENT OF MOLECULAR KARYOTYPING ASSAYS FOR
COMMON INVERSIONS IN ANOPHEL FUNESTUS

Martin Lukindu’, Rachel R. Love’, Scott T. Small', Guelbeogo M.
Wamdaogo?, N'Fale Sagnon?, Nora J. Besansky!

'University of Notre Dame, Notre Dame, IN, United States, *Centre
National de Recherche et de Formation sur le Paludisme, Ouagadougou,
Burkina Faso

Anopheles funestus is a proficient malaria vector in sub-Saharan Africa
with a wide distribution across heterogeneous ecological settings, but its
population structure is less studied relative to that of An. gambiae with
which it is broadly co-distributed. In a situation reminiscent of An. gambiae
and its sister species An. coluzzii, sympatric but assortatively mating An.
funestus populations from Burkina Faso, West Africa differ in seasonality,
larval habitat, adult resting behavior, and chromosomal inversion
frequencies. The Kiribina form is largely devoid of inversion polymorphism
and carries mostly standard arrangements, while Folonzo is highly
polymorphic for inversions 3Ra, 3Rb and 2Ra. Unfortunately, there are

no known molecular markers to guide taxonomic identification of these
otherwise morphologically indistinguishable units. Their identification
depends upon classical cytotaxonomy. Because cytogenetic karyotyping
procedures are laborious, time consuming and require extensive expertise,
this approach is impractical for large-scale field studies. Exploiting the
new chromosome-based genome assembly for An. funestus (AfunF3) and
more than 170 fully sequenced and cytologically karyotyped Folonzo and
Kiribina specimens, we have been developing and validating molecular
karyotyping approaches based on computationally identified tag-SNPs with
high SNP-karyotype concordance in these samples. Our results based on
array hybridization and amplicon sequencing will be discussed.

COMMUNITY ACCEPTANCE OF YEAST INTERFERING
RNA LARVICIDE TECHNOLOGY FOR CONTROL OF AEDES
MOSQUITOES IN TRINIDAD

Akilah Stewart’, Nikhella Winter', Azad Mohammed', Limb
K. Hapairai?, Jessica Igiede3, David W. Severson3, Molly Duman-
Scheel?

'The University of the West Indies at St. Augustine, St. Augustine, Trinidad
and Tobago, ?Indiana University School of Medicine, South Bend, IN,
United States, *The University of Notre Dame, Notre Dame, IN, United
States

RNA interference (RNAI), a technique used to study gene function in
mosquitoes and other insects, is attracting attention in agricultural

pest control communities but is a largely unexplored new approach

for mosquito control. We recently began to engineer Saccharomyces
cerevisiae (baker’s yeast) to produce interfering RNA that silences genes
required for mosquito survival, but which does not match genes in
humans or other non-target organisms. These larvicides, which facilitate
cost-effective production and delivery of interfering RNA to larvae that
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consume the yeast, effectively kill mosquito larvae in laboratory and
semi-field trials. Prior to pursuing field evaluation of larvicides targeting
Aedes species in Trinidad, a Caribbean island with endemic diseases
resulting from pathogens transmitted by Aedes mosquitoes, we engaged
adult residents living in prospective trial site communities of Tamana,

St. Augustine and Caroni. Paper surveys and open community forums
were used to assess the potential acceptability, sustainability, and societal
desirability of yeast interfering RNA larvicides. Respondents have good
working knowledge of mosquitoes and mosquito-borne diseases. A
majority of respondents practice some means of larval mosquito control
and agree that they would use a new larvicide if it were shown to be safe
and effective. During community engagement forums, participants were
educated about mosquito-borne illnesses and the new yeast larvicides.
When invited to provide feedback, forum attendees voiced strong support
for the new technology, raised very few concerns, and offered advice
regarding optimal larvicide formulations and prices. The results of these
activities suggest that participants are open to the potential use of yeast
interfering RNA larvicides and that the communities assessed are viable
field sites.

MOLECULAR BASIS OF DDT AND PERMETHRIN RESISTANCE
IN AN ANOPHELES FUNESTUS FROM BENIN

Genevieve Tchigossou
University of Abomey-Calavi, Benin, Abomey-Calavi, Benin

Insecticide resistance in Anopheles mosquitoes is threatening the success
of malaria control programmes. To implement suitable insecticides control
strategies, we investigated the molecular basis of permethrin and DDT
resistance in an Anopheles funestus population from Benin. GSTe2 gene
was the most upregulated detoxification gene in both DDT- [fold-change
(FC: 16.0)] and permethrin-resistant (FC: 18.1) mosquitoes. CYP6P9a and
CYP6P9b genes were also significantly overexpressed with FC 5.4 and
4.8, respectively, in a permethrin resistant population. The absence of the
L1014F or L1014S kdr mutations in the voltage-gated sodium channel
gene coupled with the lack of directional selection at the gene further
supported that knockdown resistance plays little role in this resistance.

In conclusion, the role played by metabolic resistance to pyrethroids in
An. funestus population in Benin suggests that using novel control tools
combining the synergist such as PBO-based bednets, could help manage
the growing pyrethroid resistance in Benin.

INSIGHT INTO GENOMIC AND CHROMOSOMAL
DIFFERENTIATION BETWEEN CULEX PIPIENS PIPIENS AND
CULEX PIPIENS MOLESTUS

Reem A. Masri', Andrey A. Yurchenko?, Jeremy Jenrette’, Natalia
V. Khrabrova?, Anuarbek K. Sibataev?, Megan L. Fritz4, Maria V.
Sharakhova'

Virginia Tech, Blacksburg, VA, United States, *Gustave Roussy Cancer
Center, Paris, France, *Tomsk State University, Tomsk, Russian Federation,
4University of Maryland, Maryland, MD, United States

The members of the Culex pipiens complex are globally distributed

and represent competent vectors of West Nile virus and Eastern equine
encephalitis virus transmitted to both birds and mammals. Two members
of the complex, Cx. p. pipiens and Cx. p. molestus, exhibit important
behavioral and physiological differences. Cx. p. pipiens mates in open
spaces, feeds on birds, and requires a blood meal for oviposition. Cx. p.
molestus, in contrast, mates in confined spaces, feeds on mammals, can
lay eggs without a blood meal and is well adapted to human environment.
However, the taxonomic status of these two members of the Cx. pipiens
complex is under debate. We used whole-genome resequencing analysis
of two laboratory colonies derived from Chicago, USA and field collections
from Eurasia (Belarus and Kyrgyzstan). A cytogenetic analysis was
performed on the Chicago colonies. The whole-genome resequencing
analysis revealed strikingly different levels of genomic diversity within the
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genomes of Cx. p. pipiens and Cx. p. molestus. The diversity was low

in the Cx. p. molestus genome but was high and distributed along the
chromosomes in the Cx. p. pipiens genome. The comparison between the
two members revealed high level of genomic divergence between them
(mean Fst ~ 0.3) which was more or less uniformly distributed along the
chromosomes. Phylogenomic and ADMIXTURE analyses clustered Cx. p.
pipiens from North America and Eurasia together but clustered Cx. p.
molestus from both continents into two separate clades. Furthermore,
mitotic chromosome analyses revealed significant length difference for
chromosome 3 and distinct banding patterns in Hoechst 33342 staining
between Cx. p. pipiens and Cx. p. molestus. High level of the genomic
divergence and chromosome differentiation between Cx. p. molestus and
Cx. p. pipiens suggest a long history of genetic isolation between them
and support the idea that they may represent two distinct species.

STRUCTURE AND FUNCTION OF THE Y-CHROMOSOME IN
ANOPHELES ALBIMANUS

Austin Compton’, Varvara Lukyanchikova?, Zhijian (Jake) Tu',
Victor Llaca?, Stephane Deschamps?, Chujia Chen*, Chunhong
Maos, Igor Sharakhov?

'Department of Biochemistry, Virginia Tech, Fralin Life Sciences

Institute of Virginia Tech, Blacksburg, VA, United States, 2Department

of Entomology, Virginia Tech, Blacksburg, VA, United States, *Corteva
Agriscience™, Agriculture Division of DowDuPont™, Johnston, IA, United
States, “Department of Biochemistry, Virginia Tech; Fralin Life Sciences
Institute of Virginia Tech, and Interdisciplinary PhD Program in Genetics,
Bioinformatics, and Computational Biology, Virginia Tech, Blacksburg, VA,
United States, *Biocomplexity Institute and Initiative, University of Virginia,
Charlottesville, VA, United States

Female mosquitoes are responsible for the transmission of harmful
human pathogens, while Y chromosome-bearing males are not. Yet much
remains unknown regarding the elusive mosquito Y chromosome, both
regarding its structure and function. To date, no Y chromosome has been
assembled in mosquitoes. With a growing interest in Y chromosomes
and its importance in male biology, it is crucial to make strides to better
resolve this critical gap in knowledge. These efforts have the potential to
reveal novel methods for mosquito control as the Y chromosomes harbor
the male-determining factor and can regulate dosage compensation. For
example, when the Y chromosome gene Guy1 is expressed in female
Anopheles stephensi, it confers 100% female lethality, making it salient
targets for genetic control strategies and for improving sex separation
techniques. However, despite the apparent significance of Y chromosome
genes, the molecular mechanisms underlying their biological function
remains unknown. Here we report the assembly of the first mosquito

Y chromosome and describe our efforts to determine the function and
molecular mechanism of a novel candidate for a male-determining factor,
albimanus Y chromosome gene 1 (albY1) in the New World malaria
mosquito Anopheles albimanus.

IMPROVED GENE EDITING EFFICIENCY OF RECEPTOR-
MEDIATED OVARY TRANSDUCTION OF CARGO -REMOT
CONTROL- IN AEDES AEGYPTI

Duverney D. Chaverra-Rodriguez', Chan C. Heu’, Donghum
Kim', Vanessa Macias', Jason L. Rasgon?

'Pennsylvania State University, State College, PA, United States,
2Pennsylvania State University, University Park, PA, United States

Receptor-Mediated Ovary Transduction of Cargo (ReMOT Control)

is a technology that uses a peptide ligand (P2C) to deliver Cas9
ribonucleoprotein (RNP) complex from the female hemolymph to the
developing oocytes. Heritable gene editing of the injected female’s
offspring is achieved at efficiencies as high as 0.3 mutants per injected
mosquito. Here, we discuss experiments testing factors that affect the
efficiency of ReMOT Control in the mosquito Ae. aegypti. First, we tested
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the effect of using the P2C-derived peptides P2C1, P2C2 and P2C3 on
Cas9 RNP transduction and gene editing efficiency. Second, we tested
several concentrations of ribonucleoprotein and endosomal escape
reagents for gene editing. Results confirmed that smaller P2C derivatives
transduced Cas9 into the ovaries and that efficiency of ReMOT control
could be improved using conditions that facilitate the transduction/release
of Cas9 RNP into the oocytes.

THE GENETIC BASIS FOR INCREASED OUTDOOR HOST-
SEEKING IN ANOPHELES COLUZZII DURING THE BIOKO
ISLAND MALARIA CONTROL PROJECT

Jacob I. Meyers', Godwin Fuseini2, Guillermo Garcia?, Abrahan
Matias?, Hans Overgaard?®, Christopher Schwabe?, Jo Lines®, Immo
Kleinschmidts, Michel A. Slotman’

Texas A&M University, College Station, TX, United States, 2Medical Care
Development International, Malabo, Equatorial Guinea, *Norwegian
University of Life Sciences, As, Norway, *Medical Care Development
International, Silver Spring, MD, United States, °London School of Hygiene
& Tropical Medicine, London, United Kingdom

Malaria vector control programs largely rely on indoor application of
insecticides to target host-seeking adult mosquitoes. However, the efficacy
of these control tools is threatened by behavioral resistance. For example,
mosquitoes can avoid insecticides applied indoors by increasing outdoor
host-seeking. One location where increased outdoor host-seeking has
been documented is Bioko Island, Equatorial Guinea, where the Bioko
Island Malaria Control Project (BIMCP) has conducted indoor residual
spraying since 2004. We examined the genetic basis of increased outdoor
host seeking of Anopheles coluzzii on Bioko Island. Using a pool-seq
approach with large sample sizes (34-268 mosquitoes/pool) and high
sequence coverage (average 491-894x/pool), we screened the genomes of
An. coluzzii collected in 2009, and 2013/2014 for genetic variation linked
to indoor vs. outdoor host-seeking. We also compared pre-intervention
An. coluzzii collected in 2004 to these post-intervention samples to
identify loci under selection during the BIMCP. We simulated the sampling
effects of pool size and coverage level on FST estimates to determine
significant cut-offs. Additionally, we used the Cochran-Mantel-Haenszel
test followed by a Benjamini & Hochberg correction (CMH+BH) to identify
significantly differentiated SNPs. Thirty-five SNPs significantly differentiated
indoor and outdoor pools from 2009 according to both methods, five

of which are located within genes and are non-synonymous. In the
2013/2014 data, a 1MB region on 2R differentiates indoor from outdoor
feeding mosquitoes. This Fst peak contains 10 genes with differentiated
SNPs. In addition, several genomic regions are differentiated between
samples collected over the course of the BIMCP. Two of these regions
include SNPs associated with insecticide resistance (IR) including kdr and
possibly ABC-transporters. In summary, we have identified sites and genes
linked to outdoor host-seeking, although the function of these genes does
not currently point to a specific mechanism.

SNP-BASED HERITABILITY ESTIMATION FOR HOST
PREFERENCE IN CULEX TARSALIS

Bradley J. Main, Fatima Tugan, Tara C. Thiemann, Christopher
M. Barker

University of California Davis, Davis, CA, United States

In the western United States, Culex tarsalis is an important vector of
arboviruses, including West Nile, western equine encephalomyelitis,

and St. Louis encephalitis viruses. Cx. tarsalis feeds frequently on birds,
although it is opportunistic and host selection among bird species is non-
random with respect to host availability. There is also a well-characterized
increase in the frequency of mammalian blood meals starting in July and
peaking in September, which is attributed at least in part to changes in
host availability due to fledging chicks. In this study, we considered the
question: do opportunistic versus strictly ornithophilic subpopulations of

Cx. tarsalis occur in sympatry, and if so, are opportunistic genotypes over-
represented among mammal-fed individuals? To test this, we resequenced
13 mammal-fed and 23 bird-fed Cx. tarsalis from a single site with known
host availability in Yolo county, California. Using 262K high quality SNPs,
we estimated the “SNP heritability” of host choice to be H2 = 0.08,
SE=2.247, indicating that there is no evidence for a substantial genetic
component underlying host preference among these samples. However,
genetic analysis of another population(N=24) from a single site in Sutter
County, California using AmpliconSeq revealed an association between
specific genotypes at the prophenoloxidase gene and cattle-feeding.
Thus, an improved assessment of population structure across geography
and season is needed to properly characterize functional genetic variation
in this system. Future studies will involve genotyping more loci from
larger mosquito populations across CA. In addition, we will sequence Cx.
tarsalis populations early and late in the season to assess whether distinct
genotypes contribute to the increase in mammal-feeding behavior.

REVERSE GENETIC ANALYSIS OF AEDES AEGYPTI SALIVARY
PROTEIN GENES USING CRISPR/CAS9

Bianca B. Kojin, Zachary N. Adelman
Texas A&M, College Station, TX, United States

Mosquito saliva is composed of a complex cocktail of proteins that provide
anti-hemostatic, vasodilatory, imunomodulatory and sugar digestion
functions. While the sialomes of major disease vector species have been
characterized, the majority of proteins identified on those studies have no
known function. With advances in genome engineering tools, particularly
CRISPR/Cas9 tool, reverse genetic experiments have become tractable

in disease vector mosquitoes. We used CRISPR/Cas9 to generate loss-
of-function knock out strains for four different salivary gland proteins.
Target proteins were selected based on expression levels in female salivary
glands of the vector Aedes aegypti, including both prior proteomic and
transcriptomic analyses. For each loss of function mutant, we analyzed
mosquito probing time and duration of blood acquisition, as well as
impact on fecundity and fertility.

VECTORBASE.ORG: NEW OMICS AND POPULATION BIOLOGY
DATASETS FOR INVERTEBRATE VECTORS OF HUMAN
PATHOGENS

Gloria I. Giraldo-Calderoén', Daniel Lawson?, Scott J. Emrich?,
Mary Ann McDowell', VectorBase consortium?

'University of Notre Dame, Notre Dame, IN, United States, 2Imperial
College London, London, United Kingdom, 3University of Tennessee,
Knoxville, TN, United States, “*EMBL-EBI, Hinxton, United Kingdom

VectorBase.org is a free online resource to all users, that started 15 years
ago with the genome of Anopheles gambiae PEST. Currently, it hosts 40
genomes including vector mosquitoes, kissing bugs, tsetse flies, ticks,
sand flies, body lice, non-vector species, and a snail intermediate host.

A summary of our data sets, including major changes since April 2018

is provided here. The new Aedes aegypti Liverpool AGWG genome
(AaegLb) is now available. Transcriptomes and proteomes, under different
experimental conditions, are available for 37 and 2 species, respectively.
Variation data sets, with >50 million SNP calls for A. gambiae (mostly
from the Ag1000g), and between 0.29 to 12.9 million SNP calls, in

other 15 species are available via the new Search (tool) capabilities. The
population biology (PopBio) data comes from ~400 species of mostly field
origin, and is divided in different map views including >20k and >13k
insecticide resistance phenotypes and genotypes assays, respectively,

>28 million population abundance mosquitoes records, >48k pathogen
infection status assays. The most recent addition is >49k blood meal
source assays. New Map views are also in development, including one

for ‘barcodes’. One of the largest to date (April 2019) PopBio datasets,

is the one from lowa (USA), for which we display more than 40 years of
population abundance data going back to 1969. The PopBio map is used

astmh.org



for visualization, search, analysis and also for raw data download. For all
data submitted to VectorBase the user will obtain the proper identifier, a
project ID for PopBio data, VBPxxxxxxx or similar for other data types. For
all data hosted by VectorBase, the source including scientific papers or, DOI
numbers for unpublished datasets are provided. This latter case is more
common for PopBio population abundance records, that mostly come
from mosquito and vector control districts, and not from research projects.
Interested users can request private or public webinars.

ADDITIONAL BLOOD-FEEDING REVEALS DIFFERENCES IN
OOCYST SURVIVAL AND GROWTH BETWEEN PLASMODIUM
SPECIES IN ANOPHELES GAMBIAE

Hyeogsun Kwon', Rebekah Reynolds', Maria L. Simdes?, George
Dimopoulos?, Ryan Smith!

lowa State University, Ames, IA, United States, 2Johns Hopkins Bloomberg
School of Public Health, Baltimore, MD, United States

Blood-feeding is an integral determinant of mosquito-borne disease
transmission in which the mosquito must take at least two blood meals
during its lifespan to acquire, as well as transmit the pathogen. The vast
majority of studies assessing mosquito vector competence simply examine
pathogen infection as a single endpoint, without consideration of the
influence of additional blood meals during the extrinsic incubation period
(EIP) on the pathogen once initially acquired. To determine the role of

an additional blood meal on malaria parasite development in Anopheles
gambiae, we examined rodent and human malaria parasites with and
without an additional non-infected blood meal. Blood-feeding has no
effect on mature oocysts that have begun sporogony, yet significantly
influence immature oocyst development revealing important differences
in between Plasmodium berghei and P, falciparum adaptation to their
mosquito host. An additional blood meal following an infection with the
laboratory model P berghei resulted in a significant reduction in immature
oocyst numbers. A similar phenotype resulted when mosquitoes were

fed on an artificial protein meal, suggesting that this reduction in parasite
numbers is not due to physiological effects of blood feeding, but instead
due to the distension of the mosquito midgut enabling complement
recognition of immature oocysts. In contrast, an additional blood meal did
not reduce PR falciparum oocyst survival, suggesting that these parasites
evolved a mechanism of complement immune evasion. Moreover, P
falciparum parasites were significantly larger following a second blood

or protein meal, a phenotype not seen with P berghei. This argues that
human malaria parasites developed mechanisms to evade immune
recognition as well as benefit from the additional nutrients provided with
a second mosquito feeding. Together, these data demonstrate additional
mechanisms that determine mosquito vector competence and provide
support that human malaria parasites utilize nutrients provided by a
second blood meal to enhance oocyst growth and potentially decrease the
EIP required for malaria parasite transmission.

AEDES SPECIES COMPOSITION AND ABUNDANCE IN
NORTHEASTERN STATE OF ADAMAWA, NIGERIA

lliya Shehu Ndams, Ibrahim Isa, Maryam Aminu, Thaddeus T.
Gbem, Gloria Chetchet

Ahmadu Bello University Zaria, Zaria, Nigeria

The study focused on the occurrence, distribution and abundance of
Aedes species in communities displaced by lingering upheaval in the
north-eastern region of Nigeria. Aedes species were sampled from three
locations namely; Mubi, Yola and Numan towns from July to October,
2017. They were collected using human bait methods and identified to
species level using microscopy and coloured morphological identification
keys of Rueda. The abundance of each species of Aedes identified was
expressed in percentages while diversity was revealed using Shannon-
Wiener diversity index. A total of 768 mosquitoes were examined,
higher abundance of Ae. aegypti species were observed in Numan
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(53.3%;176/330), while lower species occurrence was recorded in Mubi
(12.7%; 42/330). The abundance of Ae. africanus was highest and lowest
in Yola (66.4%;146/220) and Numan (12:7%; 28/220) respectively. Aedes
hensili showed higher abundance in Yola (43.1%; 88/204) while lower
number (16.7%; 34/204) was recorded in Mubi. Also, higher occurrence
of Ae. triseriatus (77.8%:7/9) was seeing in Numan whereas it was absent
in Mubi. There was higher occurrence of Ae. albopictus (40%:2/5) in
Mubi and Yola, whereas lower species abundance was recorded in Numan
(20%:1/5). However, Shannon index showed higher diversity and evenness
(H’= 0.06; erH/S = 0.96) of Ae. albopictus, followed by Ae. hensili
(H'=1.03; eAH/S=0.93) and Ae. aegypti (H'=0.96; eAH/S=0.87) while
lower abundance of Ae. triseriatus (H'= 0.53) was observed in the three
locations. This study indicates that Ae. aegypti, Ae. africanus Ae. hensili,
Ae. triseriatus and Ae. albopictus are abundant and well diverse. The large
distribution and evenness of Ae. albopictus observed may result from the
increase in international travel and urbanization. This posed a potential
danger of spreading infections like dengue, yellow fever, chikungunya and
zika viruses

QUANTIFYING THE RISK OF CHIKUNGUNYA TRANSMISSION
IN AUSTRALIA UNDER CLIMATE CHANGE

B.M.C. Randika Wimalasiri-Yapa', Liesel Stassen', Xiaodong
Huang', Gregor J. Devine?, Francesca D. Frentiu’

'Queensland University of Technology, Brisbane, Australia, *Queensland
Institute of Medlcal Research, Brisbane, Australia

The recent worldwide epidemics of Chikungunya virus (CHIKV) represent a
global public health threat. The geographical expansion of this mosquito-
borne virus in Southeast Asia and the Pacific region necessitates the
accurate forecasting and prediction of transmission risk in Australia.

The vector competence of Aedes (Ae.) aegypti, the primary vector of
CHIKYV, is shaped by the interaction of vector and virus genotype with
environmental temperature. Here, we investigate the vector competence
of local Ae. aegypti for CHIKV strains from Asian and East/Central/

South Africa (ECSA) lineage. Specifically, we evaluate the impact of
environmental temperature and virus genotype on CHIKV transmission
and the extrinsic incubation period. Ae. aegypti mosquitoes were orally
challenged with a CHIKV strain from either Asian or ECSA lineage (107
pfu/ml), and maintained at a constant temperature of either 18°C, 28°C
or 32°C. At 3, 5- and 7-days post-infection (dpi), CHIKV RNA copies were
quantified in mosquito bodies, and wings and legs using gRT-PCR, while
virus in saliva was amplified in cell culture and cytopathic effect observed
in Vero cells. Overall, Ae. aegypti displayed high susceptibility and rapid
viral dissemination of both CHIKV genotypes across all three temperatures.
However, viral transmission was temperature and strain-dependent, with
higher temperatures (28°C and 32°C) generally translating into more
infectious mosquitoes and a shorter extrinsic incubation period (EIP) for
both genotypes. There were significant treatment effects of temperature,
genotype, and the interaction of temperature by day post-infection (dpi)
on body and disseminated viral titres. Our results suggest a high risk of
local transmission of the Asian genotype of CHIKV if introduced into
North Queensland where Ae. aegypti are present. Based on our empirical
data, we present models of transmission probabilities for this virus under
different climate change scenarios and geographic areas in Australia.

MULTIPLE BLOOD FEEDING: A FORCE MULTIPLIER FOR
MALARIA TRANSMISSION

Riley E. Tedrow’, Ernest Chan', Tovonahary A. Rakotomanga?,
Thiery Nepomichene?, Rosalind Howes*, Jocelyn Ratovonjato?,
Arséne C. Ratsimbasoa?, Gavin J. Svensons®, Karen C. Abbott’,
Peter Zimmerman'

'Case Western Reserve University, Cleveland, OH, United States, 2National
Malaria Control Program, Antananarivo, Madagascar, 3Institut Pasteur
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Madagascar, Antananarivo, Madagascar, “The Foundation for Innovative
New Diagnostics, Geneva, Switzerland, *Cleveland Museum of Natural
History, Cleveland, OH, United States

Modeling serves as a tool for disease elimination by helping us to
understand the complicated processes that dictate vector-borne disease
transmission. Malaria transmission models rely on several entomological
parameters extrapolated from field-collected data. When data from the
field is sparse or difficult to interpret, it is crucial to evaluate how model
predictions rely on unknown quantities or uncertain assumptions. One
of the classic entomological parameters for malaria transmission, the
human feeding rate (a), is calculated as the product of the proportion of
bites taken on a human (Q) and the number of bites a mosquito takes
per gonotrophic cycle (f). However, f is ubiquitously taken to equal 1,
meaning the number of bloodmeals taken by a mosquito is equivalent
to the number of gonotrophic cycles it has undergone. Numerous

field studies, including several entomological surveys we have recently
conducted in Madagascar and Papua New Guinea, indicate a violation
of this assumption. Altering this parameter can significantly change

the conclusions derived from transmission models, leading to different
recommendations for disease control. Our analysis highlights how violating
this assumption, a phenomenon known as multiple blood feeding (MBF),
impacts malaria transmission models. To assess the impact of MBF, we
show the effect of raising the number of bites per gonotrophic cycle on
several important metrics, including the entomological inoculation rate,
the vectorial capacity, and the proportion of living, infectious vectors

in a population. We consider the effects of MBF in low, moderate, or
high transmission environments (by altering values for other parameters
that determine overall transmission intensity). Our data suggeststhat
MBF causes a substantial increase in infection risk and warrants further
investigation to determine the significance of this behavior for malaria
control.

IDENTIFYING THE MOST SUITABLE SPATIAL SCALE FOR
MICROGEOGRAPHIC MALARIA VECTOR STUDIES

Edgar Manrique', Gabriel Carrasco-Escobar?, Jorge Ruiz-
Cabrejos', Joseph M. Vinetz?, Dionicia Gamboa*, Manuela Herrera-
Varela', Jan E. Conns

Laboratorio ICEMR-Amazonia, Laboratorios de Investigacion y Desarrollo,
Facultad de Ciencias y Filosofia, Universidad Peruana Cayetano Heredia,
Lima, Peru, 2Division of Infectious Diseases, Medicine School, University
of California San Diego, San Diego, CA, United States, 3Section of
Infectious Diseases, Yale University School of Medicine, New Haven, CT,
United States, “Instituto de Medicina Tropical Alexander von Humboldt,
Universidad Peruana Cayetano Heredia, Lima, Peru, *Wadsworth Center,
New York State Department of Health, Albany, NY, United States

Malaria transmission in the Peruvian Amazon has been characterized by
high temporal and spatial heterogeneity, and associated with the presence
of water bodies, deforested areas and other environmental variables that
allow mosquito population to thrive. For this reason, remote sensing is
widely used to detect landscape composition. Recently, the use of drones
was explored as a tool to map malaria vector breeding habitats in a range
of landscapes. While this presents many advantages compared with
satellite data, including better spatial resolution, this does not necessarily
translate into better spatiotemporal modeling. Here we aim to distinguish
the most appropriate spatial resolution of drone imagery to analyze
landscape characteristics with malaria vector abundance in the Peruvian
Amazon. Data collection was conducted during June and July, 2018 in

six villages in the Mazan district of Loreto, Peru. Anopheline mosquitoes
were collected using human landing catch in 28 locations distributed
across peri-domestic areas. Villages were mapped using a drone equipped
with a multispectral camera. In order to determine the most suitable
spatial resolution, first we calculated normalized difference vegetation
and red edge index (NDVI and NDRE) from the imagery, and distances to
water bodies and forest from manually digitized areas. The outputs were
resampled from 0.5 m to 10 m, at 0.5 m intervals. We then extracted

the average values of these parameters using a 50 m buffer from each
mosquito collection point for each spatial resolution. A generalized linear
model (GLM) was fitted with the mosquito abundance as the response
variable. We found that images with 9 m spatial resolution provided the
best fit to the model based on the Akaike information criteria. On average,
the surroundings of the collection points (50 m buffer) at 9 m resolution
had low values of NDVI (mean = 0.2, Cl= 0.17-0.23) and NDRE (mean
=0.06, Cl=0.04-0.07), and a distance to water bodies of 39.23 m (Cl=
28.58 - 49.88 m). This methodology will allow researchers to fine-tune
regression and classification models to determine the relationship of the
landscape and malaria vector abundance.

MALARIA IN VENEZUELA: ENTOMOLOGICAL SURVEILLANCE
IN A CHALLENGING OPERATING ENVIRONMENT

Yasmin Rubio’, Melfran Herrera?, Jorge Moreno?®, Darjaniva
Molina de Fernandez¢, Luisa Figueroa®, Leopoldo Villegas®

'Universidad de Carabobo, Maracay, Bolivarian Republic of Venezuela,
2Fundasalud Sucre, Cumana, Bolivarian Republic of Venezuela, *Centro
de Investigacion de Campo Dr. Francesco Vitanza, Tumeremo, Bolivarian
Republic of Venezuela, “Instituto de Altos Estudios “Dr. Arnoldo
Gabaldon”, Maracay, Bolivarian Republic of Venezuela, *Asociacion Civil
Impacto Social (ASOCIS), Tumeremo, Bolivarian Republic of Venezuela

Malaria in Venezuela has increased exponentially in the past 10 years due
to several technical, socioeconomic, and political reasons. Vector control
activities have been reduced to sporadic and insufficient distribution of
LLINs. Entomological surveillance (ES) at country level has been reduced
to three teams with limited resources working in Bolivar and Sucre States,
which reported 72% and 12% of the total malaria cases in the country in
2018. In Bolivar State (Sifontes Municipality) all night mosquito collections
using mosquito magnet traps were conducted in 5 villages along the road
that communicates Venezuela with Brazil (8 gold mining camps and 2
towns). The most abundant species were Anopheles darlingi, An albitarsis
and An nuneztovari in villages along the road and in mining camps. These
species are resistant to organophosphates insecticides but susceptible

to carbamates and pyrethroids. An darlingi bites throughout the night,
An nuneztovari has a biting peak between 1800 and 2200 hrs. More
mosquitoes were caught outdoors. Unfed mosquitoes were collected
indoors and outdoors, but no blood-fed mosquitoes were found. Larval
habitats were identified and characterized. ES in remote Amerindian
villages were conducted by local leaders in Sucre Municipality (Bolivar
State). The most abundant species were An darlingi, An nuneztovari,

and An oswaldoi; An darlingi showed a different biting pattern with a
peak around midnight, An nuneztovari has a peak early in the evening
and at sunrise and An oswaldoi has a peak between 1800 and 2200 hr.
Larval habitats were identified and characterized. All night human landing
catches indoors and outdoors were conducted in 23 villages of Sucre state.
Only An aquasalis was collected, mainly outdoors; biting behavior varies
locally but over 70% of biting occurs between 1800 and 1900 hrs. Parous
rate fluctuated around 55%. In general malaria vectors in Venezuela bite
mainly in the first 4 hours of the night outdoors, making the conventional
vector control measures available IRS and LLINs less effective to reduce
transmission. Integrated vector control strategies should be based on local
entomological indicators.
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AEDES POPULATION AND ENTOMOLOGICAL INDEX RISK
OF ARBOVIRUS TRANSMISSION DURING A CHIKUNGUNYA
OUTBREAK IN DR CONGO

Fabien Vulu Zimbombe', Gillon llombe?, Placide Mbala?, Pitshou
Mampuya', Mitterrand Moyo', Veerle VanlLeberghe?, Seth Irish?,
Steve Ahuka?, Thierry Bobanga'

'University of Kinshasa, Kinshasa, Democratic Republic of the Congo,
?National Institute of Biomedical Research, Kinshasa, Democratic Republic
of the Congo, 3Institute of Tropical Medicine, Antwerp, Belgium, *Center
For Disease Control and Prevention (CDC), Atlanta, GA, United States

Chikungunya fever is an expanding viral disease. Kinshasa (DR Congo)

has faced chikungunya fever outbreaks for about twenty years. The on-
going outbreak seems to be larger than previous outbreaks. Probable and
confirmed chikungunya cases have been found in many health areas of
Kinshasa and Kongo Central provinces. Since vector control activities are
essential in chikungunya control, this study aimed to determine Aedes
populations, their breeding sites and entomological risk index of arbovirus
transmission. We conducted Aedes adult catches and larvae collections in
many sites in Kinshasa and Kongo Central provinces from 6 to 28 February
2019. Larvae were reared into adult stage and with adult wild caught
mosquitoes were identified to species following Highton morphological
key. The entomological risk index were determined according WHO
criteria. We collected 1,172 Aedes (359 wild adults and 813 adults reared
from larvae) which belonged to 3 species; Ae. aegypti (15.4%), Ae.
albopictus (84.3%), and Ae. vittatus (0.17%). In all sites Ae. albopictus (62
- 100%) was the predominated species. Water storage containers (27.4 -
51.1%), discarded tires (14.2 - 30.1%), and discarded plastic containers
(16.6 - 23.8%) were predominant breeding sites. House index, container
index, and Breteau index ranged from 24 to 59%, 18 to 67%, and 22 to
59 positives containers/100 houses. Aedes densities found were sufficient
to promote chikungunya outbreak. This study is relevant since Aedes were
collected during chikungunya outbreak. Risk index found can be used as
reference for Aedes surveillance activities. It would be useful to test Aedes
mosquitoes of different species to determine which species are involved in
transmission of chikungunya and other arboviruses.

EFFECT OF MIXED CROP IRRIGATION SYSTEM ON MALARIA
VECTOR POPULATION ON WESTERN KENYA

Benyl Ondeto’, Guofa Zhou?, Ming-Chieh Lee?, Harrysone Atieli3,
Simon Muriu4, David Odongo’, Horace Ochanda', Andrew K.
Githeko?, Guiyun Yan?

'University of Nairobi, Nairobi, Kenya, *University of California, Irvine,
CA, United States, *Maseno University, Kisumu, Kenya, *Pwani University,
Mombasa, Kenya, °Kenya Medlical Research Institute, Kisumu, Kenya

Environmental degradation exacerbated by climate change has
necessitated adaptation programs such as irrigation, in order to increase
food security. However, irrigation may increase the risk of malaria. This
study was undertaken in a semi-arid area, Homa Bay County, Western
Kenya where mixed crop irrigation in ongoing. Vector control using
long-lasting insecticidal nets and indoor residual spraying is underway.
The study was conducted from January to December 2018. Indoor
resting anopheline mosquitoes were collected using pyrethrum spray
catches in two sites, irrigated and non-irrigated zones. Mosquitoes

were morphotyped and analyzed for spatiotemporal density variation.
Anopheles gambiae sibling species were identified by polymerase chain
reaction (PCR). Of the 449 vector anopheles mosquitoes collected 94.9%
were from the mixed irrigated zone while 5.1% were from the non-
irrigated zones; they comprised of An. gambiae s.1. (89.8%) and An.
funestus s.l. (10.2%). In the mixed irrigated (n=426) zone An. gambiae
s.I. comprised 90.4% and An. funestus s.l. 9.6%. In the non-irrigated
zone Anopheles gambiae s.|. was also dominant 78.3% compared to
An. funestus s.l. 21.7 %. PCR analysis (n=79) indicated that all the An.
gambiae s.|. were An. arabiensis. There was no significant variation in An.
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arabiensis densities between wet and dry season in either irrigated areas
(t,=0.1, p>0.05) or in non-irrigated areas (t, = 0.4, p>0.05). The irrigation
systems increased vector density and the risk of malaria transmission.

The application of IRS may have suppressed vector density seasonality.
Previous studies in a similar ecosystem in the region have indicted that An.
arabiensis is significantly zoophilic.

RESTING BEHAVIOR OF MALARIA VECTORS IN A HIGHLAND
AND LOWLAND AREA OF WESTERN KENYA

Maxwell G. Machani’, Eric Ochomo?, Fred Amimo?®, Stephen
Munga', Andrew K. Githeko', Guiyun Yan4, Yaw Afrane®

'Kenya Medical Research Institute, Kisumu, Kenya, 2Entomology Section,
Centre for Global Health Research, Kenya Medical Research Institute,
Kisumu, Kenya, 3School of Health Sciences, Jaramogi Oginga Odinga
University, Kisumu, Kenya, Bondo, Kenya, “Program in Public Health,
College of Health Sciences, University of California, Irvine, CA, United
States, *Department of Medical Microbiology, College of Health Sciences,
University of Ghana, Ghana, Ghana

Major progress in malaria control has been achieved in sub-Saharan Africa
in the last two decades. Despite demonstrated success in reducing human-
mosquito interactions, continual transmission has been experienced
posing a significant challenge to malaria elimination efforts. The aim

of this study was to assess the resting behavior, host preference and
infection with Plasmodium falciparum sporozoites by malaria vectors in
the light of emerging insecticide resistance in western Kenya. Indoor and
outdoor resting Anopheline mosquito were sampled during the dry and
rainy seasons in Kisian (lowland site) and Bungoma (highland site), both
in western Kenya. PCR was used for mosquito speciation, genotype for
resistance mutations and for specific host blood meal origins.ELISA was
used to determine sporozoite infections. Anopheles gambiae s.| was
prevalent (74.7%) followed by Anopheles funestus s.I (25.3%.) Majority
of Anopheles funestus (97 and 100%) and Anopheles gambiae s.| (85.8
and 58%) were resting indoors in Bungoma and Kisian respectively.
Anopheles gambiae s.s was the dominant sibling species in Bungoma
followed by Anopheles arabiensis 7.6 %, whereas in Kisian, An.arabiensis
was dominant 60.2% followed by An. gambiae s.s 38.9%. Vgsc-1014S
was observed at high frequency in An. gambiae s.s than An.arabiensis.
Vgsc-1014F and Ace? G119S mutations were detected in An. gambiae
s.s resting indoors in Bungoma but at very low frequencies (0.6 and 0.1%
respectively). In Bungoma, human blood index (HBI) for An. gambiae,
An .arabiensis, and An. funestus resting indoors were 64.7, 25 and 74%
and (46.2, 37.5 and 75% respectively) for outdoor. For Kisian, the HBI
for the three species resting indoors was 59.7, 7 and 82.4% respectively
whilst outdoors was 100 and 6.25% for An. gambiae and An. arabiensis
respectively. Overall, in Bungoma, the sporozoite rate for indoor resting
mosquitoes was 8.6 and 4.2 for outdoors. In Kisian the sporozoite rate
was 0.9% for indoor resting An.gambiae. The occurrence of Vgsc-1014F
and Acel G719S mutation calls for further screening and monitoring of
other resistance mutations in this population.

EVALUATION OF IVERMECTIN BASED ATTRACTIVE TOXIC
SUGAR BAIT AGAINST AEDES AEGYPTIIN A CONTROLLED
ENVIRONMENT

Frank S. Tenywa', Revocatus Musiba?, Fredros Okumu?, Marta
Ferreira Maia?

'Ifakara Health Institute, Bagamoyo, United Republic of Tanzania, *Ifakara
Health Institute, Ifakara, United Republic of Tanzania, *Kemri Wellcome
Trust Research Program, CGMRC, Kilifi, Kenya

Use of insecticides for Aedes mosquitoes control has been a main focus
for eliminating mosquito- borne diseases such as dengue fever. However,
emergence of insecticide resistance in the recent years and economic
constrains are limiting this approach. This study aimed at determining
the dose of ivermectin (IVM) in sugar solution and time needed for knock
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down (KD) of 90% of the Ae. aegypti. This study also assessed the sugar
feeding behaviour of Ae. aegypti when a blood host is available; and
evaluated the efficacy of an attractive toxic sugar bait against Ae. aegypti
in a semi field environment. Dose response experiments to determine
KD90 of IVM against Ae. aegypti were done in laboratory conditions
through a serial dilution of IVM in 10% sugar solution in separate

cages. Mosquito mortality was observed at 4, 8, 24 and 48 hours post
introduction of the treatments. Ae. aegypti feeding preference between
sugar and blood meal was determined by releasing female Ae. aegypti
into a cage in which both rabbit and sugar bait were deployed. Mosquito
feeding status was detected after 24 hours. lvermectin was toxic against
male and female Ae. aegypti at 4% IVM dose. Over 90% of male and
female Ae. aegypti were knocked down 48 hours post sugar feeding

on sugar solutions containing at least 4%. IVM respectively. Sugar bait
significantly reduced Ae. aegypti blood feeding preference (OR=0.06;
95%CI [0.023-0.134]) within 24 hours. An ivermectin dose (0.04%) is
enough to be incorporated into attractive sugar baits (ATSB) to achieve
90% Ae. aegypti mortality and would be effective against both sexes of
Ae. aegypti. The presence of sugar bait will significantly inhibit Ae. aegypti
blood seeking behaviour compared to if there was no sugar bait. Semi
field experiments are ongoing to determine the efficacy of the sugar bait
against Ae. aegypti in a controlled environment.

WHERE DO THE MALARIA VECTORS ACTUALLY REST INSIDE
HOUSES?

Betwel John Msugupakulya, Emmanuel Kaindoa, Halfan
Ngowo, Fredros Okumu

Ifakara Health Institute, Morogoro, United Republic of Tanzania

Countries have set ambitious goals towards malaria control, primarily by
scaling up effective interventions such as long-lasting insecticide treated
nets (LLINs), indoor residual spraying (IRS) and effective case management.
LLINs and IRS particularly target indoor-biting and indoor-resting malaria
transmitting mosquitoes. It is therefore important to understand resting
behaviours of the major malaria vectors inside houses and how much
they can be affected by indoor interventions. This would provide crucial
information on where best to direct the interventions to effectively prevent
malaria. We investigated the resting behaviors of mosquitoes inside
common house types in rural south-eastern Tanzania to identify preferred
resting surfaces for the two main malaria vectors, Anopheles arabiensis
and Anopheles funestus. The study houses were selected based on the
following inclusion criteria: i) thatched roofs and un-plastered mud walls,
ii) thatched roofs and un-plastered brick walls, iii) corrugated iron roofs
and un-plastered brick walls, and iv) corrugated iron roofs and plastered
brick walls. In each of these houses, mosquitoes were collected from
multiple surfaces (floors, walls, roof and ceilings, furniture and utensils,
clothes and bed nets) using Prokopack aspirators. Preliminary findings
suggest that the two vector species do not only rest on walls, where they
could be targeted with IRS, but also on the underside of roofs and other
surfaces, such as on bed nets, floors, furniture and utensils. We have
detected differences between preferred resting sites between the two
major vector species. Additionally, we have observed that different house
designs influence the preferred resting surfaces for studied vector species.
Particularly, An. funestus. are much more of generalists in terms of their
resting surfaces compared to An. arabiensis, even though both species
preferred thatched roofs over iron roofs. Besides, while An. arabiensis
rest mostly on underside of roofs, An. funestus readily also rests on other
surfaces as well, such as the walls and on bed nets.

MOSQUITO ABUNDANCES AND BEHAVIOR SUPPORT
POTENTIAL TRANSMISSION OF RIFT VALLEY FEVER VIRUS IN
COLORADO

Daniel A. Hartman, Justin DeMaria, Lauren M. Rice, Erin M.
Borland, Nicholas A. Bergren, Anna C. Fagre, Lucy L. Robb,
Colleen T. Webb, Rebekah C. Kading

Colorado State University, Fort Collins, CO, United States

Rift Valley Fever Virus (RVFV) poses a major threat of introduction to
several continents, including North America. Such an introduction could
cause significant losses to the livestock industry, in addition to substantial
human morbidity and mortality. Because of the opportunistic blood host
selection of Cx. tarsalis mosquitoes in this area, we hypothesized that this
species could be a locally important bridge vector of RVFV in the event

of an introduction. We investigated the mosquito diversity community
composition at livestock feedlots and surrounding natural and residential
areas to determine differences in mosquito relative abundance and blood
feeding patterns attributed to cattle feeding operations. Blood meals from
engorged mosquitoes were sequenced to determine blood source, and
these data were used to model host-selection behaviors by habitat type.
Multivariate regression analyses revealed differences between mosquito
community assemblages at feedlots and non-feedlot sites, with this effect
driven largely by differential abundances of Ae. vexans. Mosquito diversity
was lower on feedlots than surrounding areas for 3 out of 4 feedlots. Cx.
tarsalis was abundant at both feedlots and nearby sites. Diverse vertebrate
blood meals were detected in Cx. tarsalis at non-feedlot sites, with a shift
towards feeding on cattle at feedlots. These data support a potential for
Cx. tarsalis to serve as a bridge vector of RVFV between livestock and
humans in Colorado.

A RETROSPECTIVE SURVEILLANCE OF THE OCCURRENCE OF
FLAVIVIRUSES IN AEDES MOSQUITOES IN PHETCHABUN
PROVINCE RELATED TO ENVIRONMENTAL FACTORS

Pornsawan Leaungwutiwong
Faculty of Tropical Medicine, Bangkok, Thailand

Mosquito-borne diseases are related to the medically important viruses

in the Family Flaviviridae. Zika virus (ZIKV) and Dengue virus (DENV)

are transmitted to humans by the bite of the infected mosquitoes. The
most important vector is Aedes mosquito. Environmental factors such

as temperature, relative humidity, and biting rate affect dengue virus
infection. In addition, surveillance of field-caught mosquitoes is imperative
for determining the natural vector and can provide an early warning sign
at risk of transmission in an area. In this study, Ae. aegypti mosquitoes
were collected in Phetchabun Province, Thailand in 2004-2005. The
mosquitoes were collected in the rainy and dry season both indoor and
outdoor. During mosquito’s collection, the data of environmental factors
were observed and recorded. Mosquitoes were pooled according to genus/
species, and sampling location. Pools consisted of 10 mosquitoes. Ninety-
eight pools of 939 Aedes mosquitoes were screened with PCR assay for
Pan-flavivirus, ZIKV and DENV, respectively. Two pools were detected as
DENV positive and no ZIKV was detected from the mosquito. To confirm
individual infection for determining true infection rate, the mosquitoes
which gave positive DENV infection were tested for dengue virus by RT-
PCR method. Four individual Ae. aegypti mosquitoes were detected as
DENV serotype 4. The infection rate of DENV in this study was 0.43%.
Moreover, the probability to detect dengue virus in mosquitoes at the
neighbor’s houses was 1.25 times, especially where distances between
neighboring houses and patient’s houses were less than 50 meters.

The relative humidity in dengue-infected villages with dengue-infected
mosquitoes was significantly higher than villages that free from dengue-
infected mosquitoes. Indoor biting rate of Aedes aegypti were 14.87
times higher than outdoor, and biting times of 09.00-10.00, 10.00-11.00,
11.00-12.00 yielded 1.77, 1.46, 0.68mosquitoes/man-hour, respectively.
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These finding confirm environmental factors were related to Dengue
infection in Thailand. Data obtained from this study will be useful for
prevention and control of the diseases.

AN EPIDEMIOLOGIC SURVEY AND RISK FACTORS
ASSOCIATED WITH LYMPHATIC FILARIASIS IN THE MIDDLE
BELT OF GHANA

Dorcas Atibilla’, David K. Dosoo’, Joseph Ana-aro?, Yussif
Tawfig', Love Ankrah', Gabriel Jakpa', Kingsley Kayan', Seth
Owusu-Agyei?, Kwaku Poku Asante’, Felix B. Oppong', Michael D.
Wilson3

'Kintampo Health Research Centre, Kintampo-Ghana, Ghana, *University
of Health & Allied Sciences PMB 3', Ho, Ghana, 3Noguchi Memorial
Institute for Medical Research, Accra-Ghana, Ghana

Lymphatic filariasis has been shown to be endemic in rural areas of
Ghana with regional variations in prevalence and disease manifestations.
A community based survey was conducted using Binax Now Immuno-
Chromatographic Test (ICT) cards for screening participants. Pyrethrum
spray collections (PSC) method for mosquito collections, dissection of
mosquitoes as well as microscopy was also done. To assess the prevalence,
1320 participants aged between 2 and 80 years in 21 communities were
screened during the day time using (ICT) cards. Participants positive with
ICT were followed up for night-time finger-prick blood sampling (10 pm
and 12 midnights). From a total of 1101 Anopheles spp. collected,500
mosquitoes were dissected for filarial worm examination. No filarial worm
was present in the dissected mosquitoes, and hence the absence of active
transmission of lymphatic filarasis in the study area. From the screening,

a total of 82 (6.2%) out of the 1320 were antigen positive with the day-
time samples using the ICT cards. Surprisingly, microscopy results later
confirmed the filarial present as Mansonella perstans with a prevalence
rate of 39.0% (32/82). There is an indication of a possible cross reactivity
of the Binax Now ICT cards with Mansonella perstans since the ICT cards
are mostly used for screening Lymphatic filariasis. From the survey, low ITN
use,poor housing structure, type of roof and the absence of netting on
windows were also some of the associated risk factors.

EFFECTS OF NECTAR PHYTOCHEMICALS ON LIFE-HISTORY
TRAITS OF THE INVASIVE ASIAN TIGER MOSQUITO, AEDES
ALBOPICTUS

Teresia Njoroge', May Berenbaum?, Chris Stone?

'University of lllinois at Urbana-Champaign, Urbana, IL, United States,
2University of lllinois at Urbana-Champaign, URBANA, IL, United States,
3lllinois Natural History Survey, Champaign, IL, United States

Plant nectar is an essential component of adult mosquito diets. During
nectar-feeding, mosquitoes ingest various phytochemicals, including
phenolics, terpenoids, and alkaloids. Compared to other nectar-feeders
(e.g., bees), the ecological significance of nectar phytochemicals for
mosquitoes has not been extensively explored. The aim of this study
was to conduct laboratory-based assays to evaluate the effects of nectar
phytochemicals on the longevity, fecundity and sugar-feeding behavior
of adult female Aedes albopictus. Longevity was assessed by subjecting
newly emerged females to 10% sucrose solution containing quercetin,
p-coumaric acid and caffeine and recording daily mortality. For fecundity
assays, the mosquitoes were subjected to the same dietary phytochemicals
for seven days and eggs counted following a single blood meal. The
cold-anthrone test was used to quantify the amount of sugar consumed
by mosquitoes exposed to the dietary phytochemicals. Dietary quercetin
and p-coumaric acid were associated with lifespan extension (mean
longevity= 69 and 67 days, respectively, compared to control =54 days).
Although caffeine ingestion resulted in low sugar consumption (33.84
ng/ul) compared to the control group (67.84 pg/ul), none of the three
phytochemicals affected the fecundity of gravid females. Our results
demonstrate that dietary phytochemicals can affect mosquito longevity

49

and sugar-feeding behavior and thereby may influence their fitness and
vectorial capacity. We are currently conducting an experiment using

a whole transcriptome-based approach to identify mosquito-nectar
phytochemical interactions at the genomic level.

CLIMATE EFFECTS RELATED TO OUTBREAKS OF ACUTE
CASES OF CARRION DISEASE IN PERU, 2000 - 2016

Gabriela Ulloa U.", César Munayco?, Andree Valle', Andrés
Lescano!

'Universidad Peruana Cayetano Heredia, Lima, Peru, *Centro de Control y
Prevencion de Enfermedades del Perti (CDC Pert), Lima, Peru

Introduction Carrion disease (CD), present in Peru, Ecuador and Colombia,
is considered an emerging disease due to its expansion to new areas. This
is related to the migration of asymptomatic carriers and climate change.

It has been demonstrated that climatic factors are associated with the
incidence of vector-borne diseases. However, there is little information

on the relationship of climatic factors associated with possible outbreaks
of CD. Therefore, we analyze the relationship between climatic events
and the distribution of acute cases of CD in order to develop future
prevention and control plans that anticipate future events. Methods:
Cases recorded by the CD surveillance system of the Centers for Disease
Control and Prevention of Peru during the period 2000 - 2016 were
analyzed. Epidemiological weekly data on environmental temperature (°C)
and rainfall (mm/day), obtained from NASA satellites and atmospheric
models, were used. Possible outbreaks at district level were selected from
the cumulative sum of acute cases of CD. The climatic variables of the
weeks before the possible outbreaks were selected. Multiple regression
with Poisson distribution, Stepwise Forward method and likelihood ratio
test (LRT) were applied to select the variables that entered the final model,
Stata statistical package and RStudio program were used. Results: Five

of 11 departments had the highest number of possible CD outbreaks
(84.9%) in Peru. Precipitations four and five weeks before the start of an
“outbreak” presented significant association with the number of acute
cases accumulated at the start of a possible outbreak of CD (p<0.01).
However, the minimum ambient temperature was not significantly
associated. The association observed between the increase in the number
of cases and climatic variables could be related to the population dynamics
of the vector. That is to say, the increase of the population density and
variations in the transmission capacity of the etiological agent. Future
studies should include the population density of the vector as a variable for
a better explanation of climatic factors in the epidemiology of CD.

MOSQUITO DYNAMICS AND MALARIA IN ALULU-NIKE
COMMUNITY, ENUGU-EAST LOCAL GOVERNMENT AREA,
ENUGU STATE, NIGERIA

Pauline U. Umeanaeto’, Angus E. Onyido’, Martin O.
[feanyichukwu?, Joseph U. Anumba?

'"Nnamdi Azikiwe University, Awka, Nigeria, *Department of Medical
Laboratory Sciences, Faculty of Health Science and Technology, Nnamdi
Azikiwe University, Nnewi, Nigeria, *National Arbovirus and Vectors
Research Centre, Federal Ministry of Health, Enugu, Enugu, Nigeria

Mosquito dynamics and malaria were studied in Alulu-Nike Community,
Enugu-East Local Government Area, Enugu State, Nigeria for a period of
12 months. Malaria was diagnosed using microscopy method. Mosquito
collection was done using pyrethroid knockdown collection, human

bait and larval collection methods. Mosquito identification was done
using morphological characteristics and PCR. A total of 1440 people
were screened for malaria and 476(32.4%) were infected. The overall
mean malaria intensity was 545 parasites per microlitre of blood (p/pl).
Nnegbune village had the highest malaria prevalence 86 (41.5%) which
was significant (P&It0.05) and the highest mean malaria intensity 741 p/
ul which was not significant (P&gt0.05). Age 0-10 years had the highest
malaria prevalence 229(44.7) and mean intensity 991 p/ul which was
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statistically significant (P&[t0.05). Malaria prevalence and intensity were
not dependent on sex and occupation of the participants (P&gt0.05) but
on educational status (P&It0.05). PCR characterization of indoor biting and
resting adult mosquitoes revealed Anopheles gambiae ssand A. arabiensis
and A. funestus asmalaria vectors which constituted 764 (77.1%) of the
total mosquitoes collected while the Culicines accounted for 226(22.8%)
of the total indoor collection. A. gambiae s/7(1.0%) was the only malaria
vector collected while other species of Culicine mosquitoes accounted for
687(98.99%) of the outdoor collections. A. gambiaeyielded 45(3.9%)
while Culicine mosquitoes yielded 1,117(96.1%) of the total larval
sampling. Mosquitoes were more abundant in wet months than in dry
months. The distribution of indoor and outdoor mosquitoes and larvae

in different villages and in different months showed significant results
(P&It0.05). Entomological study of mosquitoes is important for planning
and optimizing malaria control in both time and space.

DISTRIBUTION OF MOSQUITO SPECIES IN KADUNA
METROPOLIS, KADUNA STATE NORTHERN NIGERIA

Hosea Chigari Yayock’, lliya S. Ndams?, Ezekiel Kogi?, Ado Baba
Ahmed?", Jonathan B. George?

'Department of Biological Sciences, Kaduna State University, Kaduna,
Nigeria, *Department of Zoology, Ahmadu Bello University Zaria, Zaria,
Nigeria, *Department of Veterinary Parasitology and Entomology, Ahmadu
Bello University, Zaria, Nigeria

Entomological survey was conducted to determine the diversity and
abundance of mosquito species in relation to their malaria implication in
the fast growing city of Kaduna located in Northern Guinea Savannah
vegetation belt of Nigeria. The metropolis was sectioned into old and
new settlement areas. Larval samples were used to identify 15 species of
mosquito morphologically from 15 randomly selected settlement areas

in Kaduna metropolis. Culex pipiens complex comprise 80.42% of the
total catch (6,991 specimens). Anopheles species (0.06%) rarely occurred
within Kaduna metropolis. Government Reserved Area; one of the old
settlements had the highest number (8) of individual mosquito species.
There were 4 species, which exclusively occurred in the old settlement
areas and 2 species exclusively occurred at the new settlement areas. The
mosquito species diversity (H") and the similarity between the old and
new settlement areas (H = 3.079; 3.128 old and new settlement areas
respectively and Sorenson’s coefficient was calculated (CC) = 0.667).
There was no significant difference in the total mosquito species sampled
between the two settlement areas (t = 0.436). This research identified
Culex pipiens quinquefasciatus as the most abundant mosquito species
within Kaduna Metropolis; thus further research should examine the
implication for filariasis in this area.

EMERGENT VIRUSES AND THEIR INTERACTIONS IN
AEDES AEGYPTI: MAYARO AND ZIKA VIRUS COINFECTED
MOSQUITOES CAN SUCCESSFULLY TRANSMIT BOTH
PATHOGENS

Marco Brustolin, Sujit Pujhari, Cory Henderson, Jason Rasgon
The Pennsylvania State University, University Park, PA, United States

The emergence of arboviral outbreaks represents one of the most
challenging issues for human and animal health and can be complicated
by the simultaneous circulation of multiple arbovirus in affected regions.
However, little is known about the vector-pathogen interactions

during a co-circulation scenario. In this study we explored the effect

of simultaneous intake of Mayaro virus (Togaviridae) and Zika virus
(Flaviviridae) on Ae. aegypti vector competence. After exposing Ae. aegypti
mosquitoes to an infectious blood meal containing either one or both
pathogens, we analyzed viral titers in body, legs and saliva using a focus
forming assay at day 7 and 14 post feeding. Results demonstrate that
Ae. aegypti can support both viruses concurrently and that coinfected

mosquitoes can efficiently transmit both viruses at the same time. The data
also suggest that these pathogens can interact in complex ways during the
co-infection process.

IMPACT OF HOUSEHOLD CHARACTERISTICS ON AEDES
AEGYPTI ABUNDANCE IN RURAL ECUADOR

Rachel Sippy’, Froilan Heras?, Anna Stewart Ibarra’, Sadie Ryan?,
Erin Mordecai*

ISUNY-Upstate Medical University, Syracuse, NY, United States, 2Salud
Comunitaria, Machala, Ecuador, *University of Florida, Gainesville, FL,
United States, *Stanford University, Stanford, CA, United States

Aedes aegypti is the principal vector for dengue, chikungunya and Zika.
Both human cases and mosquito abundance measures are linked to the
built environment but the relationship at household level is unclear. Using
surveys and entomological data captured across the dengue transmission
season (pre: July—December 2016, peak: January—May 2017, post:
April—August 2018) in two cities (Zaruma and Portovelo) in Ecuador, we
compare the effect of household environment on Ae. aegypti abundance.
Data were analyzed using Poisson generalized linear mixed models
(houses within clusters as random effects). Across seasons, 65 houses
from Portovelo and 73 houses from Zaruma participated. In Portovelo,
home ownership, cane /wooden housing and standing water presence
had protective effects on the risk of capturing Ae. aegypti (40—55%
decrease). Gaps in flooring, patio cleanliness and living near abandoned
property were associated with increased risk (13—70%). Compared to
homes with no patio, those with a sunny patio had an 18% decrease,
mixed shade had a 44% increase, and shady patio had a 5% decrease

in risk. Compared to homes with no water storage, using cisterns had

a 17% decrease; other storage had a 32% risk increase. In Zaruma,

gaps in flooring were protective against risk of capturing Ae. aegypti
(63% decrease). Housing material, trash collection frequency, presence
of standing water, crowding, and dog ownership were associated with
increased risk (47—1517%). Compared to homes with no patio, sunny
patios were protective (61% decrease); mixed shade and shady patios had
a risk increase (83—128%). Compared to homes with no patio, those
with a moderately clean patio had a 191% increase and those with an
extremely clean patio had an 85% risk decrease. Compared to homes with
no water storage, using cisterns had a 3% increase; other storage had an
81% risk decrease. Across locations, housing factor importance differed
with some opposing directions of effect. This work demonstrates that the
impact of built environment on Ae. aegypti abundance may vary according
to location, suggesting that public health communication and control
efforts should be place-specific.

CHIKUNGUNYA INFECTION AMONG SUSPECTED DENGUE
PATIENTS IN SELECTED COMPOSTELA VALLEY PROVINCIAL
HOSPITALS

Nestor Salcedo Arce Jr
Faculty of Clinical Tropical Medicine, Bangkok, Thailand

Controlling infectious diseases remains to be a dilemma and problem
despite advancements in research and therapeutics in the past decades. An
important area in the field of infection are cases of re-emerging diseases
that have escalated in numbers after few years of hibernation, such as the
Chikungunya infection which is caused by the same mosquito that carries
dengue and zika infection. In the Philippines, dengue infection has been
the more common infection among the illnesses caused by the mosquito
vector than the other two infections, and the rapid diagnostic tests
prepared and procured are commonly for dengue infection only. However,
there are cases of Chikungunya outbreaks in the Philippines since the

first case recorded in the 1950s. Clinical manifestation of chikungunya,
dengue, and zika are almost the same, but in the Philippines, there is a
limited resource for diagnoses that can differentiate the three illnesses.
This report will discuss an ongoing prospective observational study for all
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suspected clinical case of dengue infection of patients with acute febrile
iliness for seven days, with the aim to (1) determine prevalence of the
disease, (2) identify clinical features of Chikungunya infections among
suspected dengue patients, (3) determine Chikungunya and dengue co-
infections, (4) evaluate significant differences in the laboratory features
of chikungunya and dengue infection, and (5) identify the phylogenetic
genomic characteristic of the chikungunya virus. Understanding the
re-emergence of Chikungunya among closely-related vector-borne
diseases presents an epidemiologic challenge that could lead to greater
understanding of tropical infectious diseases.

FIELD TEST OF MINIATURIZED AUTOMATED WHOLE BLOOD
CELLULAR ANALYSIS SYSTEM TO ASSESS IMMUNITY TO
ARBOVIRUSES IN MSAMBWENI, KENYA

Amy R. Krystosik', Matthew Hale?, Francis Mutuku?, Sangeeta
Kowli4, Jael Sagina®, Saidi Lipis, Phillip K. Chebii®, Priscillah W.
Mainas, Elysse N. Grossi-Soyster', Holden Maecker4, A. Desiree
LaBeaud'

'Stanford University, School of Medicine, Department of Pediatrics, Division
of Infectious Disease, Stanford, CA, United States, 2Smart Tube Inc., Menlo
Park, CA, United States, 3Technical University of Mombasa, Environment
and Health Sciences Department, Mombasa, Kenya, “Stanford University,
School of Medicine, Human Immune Monitoring Center, Stanford, CA,
United States, *Vector Borne Disease Control Unit, Msambweni Laboratory,
Kwale County, Kenya

Our study aimed to evaluate the use of a novel miniaturized automated
Smart Tube system for whole blood processing, that spares specimens,
allows for immune stimulation and detailed immune function evaluation
in remote regions of the world. We field tested—in Msambweni, Kenya
in a pediatric cohort (median age, 8 years) known to be exposed to
chikungunya virus (CHIKV) and/or dengue virus (DENV) by ELISA and PCR.
In March 2018, 133 whole blood samples were processed in Kenya using
the Smart Tube system for three conditions: no stimulation, stimulation
with CHIKV or DENV peptide pools. Frozen samples were shipped to
Stanford, where 121/133 samples will be tested by mass cytometry
(CyTOF). We have tested 36/121 participant samples. Intracellular cytokine
backgrounds were very low (<0.02% of CD4+ or CD8+ T cells). No IFNg+
TNFa+ and IL-2+ responses to CD4+ T cells were observed. There were
occasional phenotypic differences suggestive of activated cell populations.
MF1690, DENV exposed, showed a prominent CD16+CD 14+ monocyte
population, as well as a CD27+CD38+ plasmablast population, that were
both much less visible in other subjects. Four donors showed CD8+IFNg+
and CD8+TNFa+ low-level responses to CHIKV and/or DENV peptide
stimulation. MF1896 and MF1945, CHIKV exposed, showed a small IFNg+
response (0.05% and 0.02% of CD8+ T cells, respectively) only with
DENV stimulation. MF0598, DENV exposed, showed a small population
of DENV (0.02%) and CHIKV (0.02%) IFNg+ cells. MF1910, CHIKV
exposed, showed a small IFNg+ and TNFa+ (0.04%, each) response to
CHIKV and DENV stimulation (0.02% and 0.04% respectively). We will
re-sample participants that responded to CHIKV and/or DENV, and test
response using manual stimulation that will include, unstimulated, CHIKV
and DENV stimulation (lysates and peptide pools), PMA+ ionomycin,

and lipopolysaccharide, to confirm responses observed via automatic
stimulation. The system has applications including vaccine trial monitoring,
infectious disease treatment studies, and pathogenesis studies, and will
enable new knowledge on the role of the cellular immune response in
disease in pediatric populations.

INVESTIGATING THE PHYLOGENY, PHYLOGEOGRAPHY
AND MOLECULAR EVOLUTIONARY HISTORY OF ROSS
RIVER VIRUS THROUGH WHOLE GENOME SEQUENCING
TECHNIQUES

Alice Michie', Michael Lindsay?, John Mackenzie?, David Smith3,
Allison Imrie’

'University of Western Australia, Perth, Australia, ?Department of Health,
Western Australia, Perth, Australia, *PathWest Laboratory Medicine WA,
Perth, Australia

Ross River virus (RRV) infection causes Ross River fever, the most common
arboviral disease in Australia, with an average of 5000 clinical cases
reported each year nation-wide. Surveillance of RRV in Australia is based
on isolation and identification of virus from homogenates of trapped

and pooled mosquitoes. In Western Australia, mosquito-based arbovirus
surveillance has been conducted routinely in the densely-populated south,
and annually in the tropical and remote north, since the mid-1980s.
Isolated viruses were identified using fixed-cell ELISA and virus-specific
monoclonal antibodies and more recently, RT-PCR. Until now, phylogenetic
studies of RRV have been based on analysis of partial gene sequences,
typically 250nt long. We conducted whole genome sequence analysis of
historical and contemporary mosquito- and human-derived RRV viruses to
better understand their movement and evolution. Isolates were selected
to cover a wide spatio-temporal range within Western Australia, including
the regions of the Kimberley, Pilbara, Gascoyne, Mid-West, Goldfields,
Perth Metropolitan, Peel and the South-West, sampled 1977-2014.
Viruses isolated from individuals infected during the 1979-1980 RRV
epidemic of the South Pacific Island region, as well as 13 published whole
genome RRV sequences from humans and mosquitoes, were included

in the analyses. Two of the three previously classified genotypes of RRV
(G2-3) were identified within Western Australia during the study period,
as well as a newly described fourth genotype (G4), which appears to

be the contemporary lineage in circulation. The tMRCA and nucleotide
substitution rate of RRV appears older and slower than previously
estimated based on partial E2 gene sequence analysis. The biological
implications of this observed genetic diversity, in terms of pathogenesis
and antigenicity, are currently being investigated.

CHIKUNGUNYA INFECTION AMONG SUSPECTED DENGUE
PATIENTS IN SELECTED HOSPITALS IN COMPOSTELA VALLEY
PROVINCE

Nestor Salcedo Arce
Faculty of Clinical Tropical Medicine, Bangkok, Thailand

Controlling infectious diseases remains to be a dilemma and problem
despite advancements in research and therapeutics in the past decades. An
important area in the field of infection are cases of re-emerging diseases
that have escalated in numbers after few years of hibernation, such as the
Chikungunya infection which is caused by the same mosquito that carries
dengue and zika infection. In the Philippines, dengue infection has been
the more common infection among the illnesses caused by the mosquito
vector than the other two infections, and the rapid diagnostic tests
prepared and procured are commonly for dengue infection only. However,
there are cases of Chikungunya outbreaks in the Philippines since the

first case recorded in the 1950s. Clinical manifestation of chikungunya,
dengue, and zika are almost the same, but in the Philippines, there is a
limited resource for diagnoses that can differentiate the three illnesses.
This report will discuss an ongoing prospective observational study for all
suspected clinical case of dengue infection of patients with acute febrile
iliness for seven days, with the aim to (1) determine prevalence of the
disease, (2) identify clinical features of Chikungunya infections among
suspected dengue patients, (3) determine Chikungunya and dengue co-
infections, (4) evaluate significant differences in the laboratory features

of chikungunya and dengue infection, and (5) identify the phylogenetic
genomic characteristic of the chikungunya virus. Understanding the
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re-emergence of Chikungunya among closely-related vector-borne
diseases presents an epidemiologic challenge that could lead to greater
understanding of tropical infectious diseases.

ANOPHELES GAMBIAE DENSOVIRUS (AGDNV) INHIBITS
MAYARO VIRUS IN CULTURED CELLS AND MOSQUITOES

Nadya Urakova, Marco Brustolin, Jason L. Rasgon
Pennsylvania State University, University Park, PA, United States

Recent studies demonstrate that insect-specific viruses can influence the
ability of their mosquito hosts to become infected with and transmit
arboviruses of medical and veterinary importance. The aim of this study
was to evaluate the interactions between Anopheles gambiae densovirus
(AgDNV) (Parvoviridae) and Mayaro virus (Togaviridae) in both insect cell
culture and mosquitoes. AGDNV is a benign insect-specific virus that
infects An. gambiae mosquitoes. Mayaro virus is an emerging human
pathogen that can be transmitted by An. gambiae mosquitoes. Results
demonstrate that Mayaro virus replication was reduced in An. gambiae
cells infected by AgDNV. Similar results were observed in mosquitoes

in vivo. These data suggest that insect-specific viruses can modulate
transmission of epidemiologically important arboviruses, and that AGDNV
has potential as an agent to suppress virus transmission in Anopheles
mosquitoes.

SINGLE-DOSE ADMINISTRATION OF MV-CHIK INDUCES
SUBSTANTIAL IGG3 RESPONSE AGAINST CHIKUNGUNYA
VIRUS

Ruklanthi de Alwis', Lisa HenB3?, Roland Tschismarov3, Barbara
Schnierle?, Raphael Zellweger', Erich Tauber?, Katrin Ramsauer?

'Duke-NUS Medical School, Singapore, Singapore, 2Paul Ehrlich Institute,
Langen, Germany, *Themis Bioscience GmbH, Vienna, Austria

Chikungunya virus (CHIKV) is an emerging arbovirus, causing debilitating
disease and posing an immense societal and financial burden in affected
countries and throughout the world. Currently, no specific preventive
measures or treatments are available against CHIKV infections. However,
since effective immune responses against CHIKV largely depend on
neutralizing antibodies and all CHIKV lineages appear to comprise a single
serotype, vaccination remains a promising countermeasure. We have
previously shown safety and immunogenicity of our Measles-vectored
Chikungunya vaccine, MV-CHIK, in published phase 1 and 2 clinical

trials. While a single immunization with the candidate vaccine induced
substantial levels of neutralizing antibodies, a prime/boost regimen
resulted in sustained high antibody levels. To better understand the nature
of the immune response induced by MV-CHIK, we performed additional
analyses on serum samples collected during phase 2 clinical studies. We
examined potential cross-reactivity of these antibodies against other
alphaviruses. We found that the antibodies raised by MV-CHIK cross-
react with the closely related O’nyong-nyong Virus (ONNV), indicating
that the candidate might also be protective against this tropical disease.
In addition, we assessed the avidity and IgG subclass composition of

the induced antibodies. Interestingly, we found that while prime/boost
vaccination induced higher titers of neutralizing antibodies with increased
avidity, the amount of IgG3 induced was only slightly higher than in
participants receiving one immunization. Given the observation that IgG3
responses early during infection correlate with successful defense against
Chikungunya, these data indicate that a single immunization with MV-
CHIK might be suitable for a traveller’s vaccine.

CLINICAL OUTCOMES OF 3-DAY COURSE OF ADJUNCTIVE
ORAL IVERMECTIN FOR THE PATIENTS WITH CHIKUNGUNYA
VIRAL INFECTION; A PRELIMINARY STUDY

Sarunyou Chusri’, Pornapat Surasombatpattana’, Thanaporn
Hortiwakul', Boonsri Charernmak!, Butsaya Thaisomboonsuk?,
Stefan Fernandez?

'Prince of Songkla University, Hat yai , Songkhla, Thailand, *The Armed
Forces Research Institute of Medical Sciences, Bangkok, Thailand

Chikungunya (CHIK) fever is characterized by abrupt onset of high grade
fever, rash and debilitating joint pain. In recent 2018, this disease re-
emerged in southern Thailand. lvermectin has in vitro efficacy to inhibit
replication of chikungunya virus (CHIKV), then clinical trial of this drug

is needed. Forty patients with symptoms of CHIK fever with virological
confirmation of CHIKV infection were enrolled and randomized (1:1) to
receive 200 mcg/kg/day of oral ivermectin for 3 days as the adjunctive
therapy to standard treatment. Daily physical examinations and blood tests
including basic laboratories, polymerase chain reaction (PCR) for CHIKV,
c-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) were
performed in first weeks and every week for 12 weeks. Of 40 patients with
CHIKV infection, 20 patients receiving only standard supportive treatment
and 20 patients receiving adjunctive ivermectin. Clinical characteristics and
basic laboratories of these 2 groups was indifferent. Time to disappearance
of fever and joint pain among the patients receiving adjunctive ivermectin
were significantly shorter than those receiving only supportive treatment

[ 1.3 days VS. 2.2 days, P=0.002 and 1.9 days VS. 2.8 days, P < 0.001,
respectively]. Pain score in first 7 days and among those receiving
adjunctive ivermectin was significantly lower than those receiving only
supportive treatment [P < 0.001]. Persistent joint pain was observed in

2 patients receiving adjunctive ivermectin and 9 patients receiving only
supportive treatment accounting to relative risk of 0.22(0.05-0.90), P

= 0.04. Time to disappearance of CHIKV among the patients receiving
adjunctive ivermectin were significantly shorter than those receiving only
supportive treatment [ 1.9 days VS. 5.1 days, P < 0.001]. The level of CRP
and ESR in first 7 days among those receiving adjunctive ivermectin was
significantly lower than those receiving only supportive treatment [P <
0.001]. Adverse drug reactions were not different between these 2 groups.
Favorable outcomes of 3-day course of adjunctive oral ivermectin for the
patients with CHIKV infection was demonstrated.

CHARACTERIZING EXPOSURE TO CHIKUNGUNYA VIRUS
INFECTION IN COASTAL KENYA

Doris Kemunto Nyamwaya', Donwilliams Omuoyo’, Henry
Karanja', John Gitonga’, Barnes Kitsao', Daniel Wright?, Rosemary
Sang?, Thumbi Mwangi*, Charles Nyaigoti', George M. Warimwe®

'KEMRI-Wellcome Trust, Kilifi, Kenya, *The Jenner Institute, University

of Oxford, Oxford, United Kingdom, *KEMRI- Center for Virus Research,
Nairobi, Kenya, *Washington State University, Seattle, WA, United States,
>Centre for Tropical Medicine and Global Health, University of Oxford,
Oxford, United Kingdom

Chikungunya virus (CHIKV) is a mosquito-borne alphavirus first isolated
in Tanzania in 1953 that has been a major cause of geographically
widespread epidemics characterised by acute, often chronic, debilitating
polyarthralgia and polyarthritis that can last for months or years. There
is no licensed vaccine or specific treatment available. One of the largest
chikungunya disease epidemics on record emerged in coastal Kenya in
2004 and spread along the coast to Mombasa and islands on the Indian
Ocean, affecting hundreds of thousands of individuals, before spreading
to India and subsequently to Southeast Asia and Europe. Descriptions
of this and other more recent epidemics outside Africa have informed
most of what we know about chikungunya disease. Very little is known
regarding the burden, distribution and viral genetic diversity of CHIKV
infections in the East Africa. To begin addressing these knowledge gaps
we are characterising the epidemiology of CHIKV infections in coastal
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Kenya, where recurrent chikungunya outbreaks have previously occurred.
Specifically, we are utilising a unique biobank of samples from children
and adults in coastal Kenya spanning 20 years (1998-2018) to estimate:

1) the annual prevalence, age profiles and incidence of seroconversion for
antibodies to CHIKV, and 2) the burden of clinical CHIKV infections among
acute inpatient and outpatient hospital visits within the same period.
Results from these analyses will be presented at the meeting.

CHITIN SYNTHASE IS INVOLVED IN MAYARO VIRUS
INFECTION IN AEDES AEGYPTI

Chan C. Heu’, Scott Emrich?, Jessica L. Gillmen', Jason L. Rasgon’,
Sujit K. Pujhari’

'The Pennsylvania State University, State College, PA, United States, 2The
University of Tennessee Knoxville, Knoxville, TN, United States

Mosquitoes transmit a variety of disease-causing agents. The vector
competence of mosquitoes is affected by factors such as genetics, age,
sex, pathogen titer, and pathogen species and strain. Chitin has been
shown to promote the infection of some viruses in arthropods and may
have a similar effect in virus infection of mosquitoes. In this study, we
evaluated the effect of chitin synthase on Mayaro virus infection in Ae.
aegypti using RNAI against AaCHST and AaCHS2. Knockdown of chitin
synthase genes resulted in significant reductions of viral titer and infection
rate compared to GFP RNAI controls. These results show that chitin
synthase is involved in viral infection phenotypes in Ae. aegypti and could
be a target for novel disease control strategies.

EVALUATION OF EASTERN EQUINE ENCEPHALITIS VIRUS
(EEEV) WINTER ACTIVITY IN FLORIDA

Kristi Miley’, Joni Downs', Nathan Burkett-Cadena?, Richard
West?, Brenda Hunt?, Benjamin Brewer*, Peter Brabant*, George
Deskinss, Billy Kellners, Sandra Fisher-Grainger®, Thomas R.
Unnasch’

'University of South Florida, Tampa, FL, United States, *Florida Medical
Entomology Lab, Vero Beach, FL, United States, *North Walton Mosquito
Control, Defuniak Springs, FL, United States, *South Walton Mosquito
Control, Santa Rosa Beach, FL, United States, >Citrus County Mosquito
Control District, Lecanto, FL, United States, ®Hernando County Mosquito
Control, Brooksville, FL, United States

Eastern Equine Encephalitis virus (EEEV) is a highly pathogenic arbovirus
endemic primarily in the Eastern United States. Recent evidence suggests
that Florida may serve as a primary reservoirto reintroduce the virus in
the northeast. Florida is also the only state in which EEEV transmission
occurs year-round. A risk index mapping and spatial optimization model
for EEEV wintertime transmission was developed using sentinel chickens
and horse case data. Risk-based surveillance was performed in Walton,
Citrus, and Hernando counties. Results indicated that EEEV vector
abundance was greater at high risk sites, with the primary enzootic
vector Culiseta melanuraas most abundant species collected. Bloodmeal
analysisfrom blood fed mosquitoes collected during the winter months
indicated that 73% were from avian hosts, 16% were from mammalian
hosts and 11% were from reptiles. Wildlife cameras were deployed to
evaluate fauna frequenting high and low risk sites. High risk sites had

a greater overall abundance of wildlife, with Procyon lotor(racoon) as
the predominant species at high risk sites. Although EEEV activity was
high in the winter months of 2018, mosquito collections were quite low,
suggesting the potential for non-vector borne pathways of transmission
may exist. The results of this study may assist mosquito control districts in
optimizing placement of surveillance sites as well as suggest modalities
for interrupting EEEV transmission during the winter months in Florida,
thereby protecting Florida residents from EEEV during peak transmission
months and reducing the movement of EEEV from Florida to the
northeastern states.

MOTOR NEURON DISEASE, PARKINSONISM AND OTHER
NEUROLOGIC DISORDERS ASSOCIATED TO CHIKUNGUNYA
AND ZIKA VIRUS INFECTION: A CASE SERIES

Roque P. Almeida, Phillip Nicolau G. Almeida, Juliana C. Alves,
Camilla N. Santos, Philippe J. Macedo, Amelia R. de Jesus

Federal University of Sergipe, Aracaju-Serqgipe, Brazil

Chikungunya (CHIKV) and Zika (ZIKV) virus has since 2014 been an
emergent arbovirus in Brazil, transmitted by Aedes mosquitoes. Initial
presentation is characterized by fever, headache, rash and myalgia and
articular involvement is the hallmark of this infection. Neurological
complications are common in severe cases and include encephalitis,
myelopathy, Guillain-Barré syndrome and cranial neuropathies. Prognosis
is poor in these cases and early recognition and adequate treatment may
positively impact clinical outcomes. Due to the lack of clinical data in this
area, mainly for motor neuron disease and parkinsonism, we here describe
a case series of CHIKV and ZIKV patients who developed neurological
disorders including these novel presentations.

SEROPREVALENCE OF DENGUE AND CHIKUNGUNYA VIRUS
INFECTIONS IN FEBRILE PATIENTS FROM THREE SITES IN
UGANDA

Elizabeth Namirembe’, Andrew Walakira', Brenda Nakimuli?,
Joaniter Nankabirwa', Emmanue Arinaitwe?, Moses Kamya', Sarah
Stanley?, Philip J. Rosenthal®, Eva Harris?, Sam L. Nsobya'

'Makerere University, Kampala, Uganda, *MSH -Uganda, Kampala,
Uganda, 3IDRC- Uanda, Kampala, Uganda, “University of California
Berkeley, Berkeley, CA, United States, *University of California San
Francisco, Kampala, CA, United States

Dengue virus (DENV) and chikungunya virus (CHIKV) infections are public
health threats in sub-Saharan Africa. These infectionspresent with non-
specific symptoms that are similar tothose of malaria. Wecharacterized
associations between infections with these arboviruses and febrile

illness in patients presenting with malaria-like illness in3 regions with
different malaria transmission intensities in Uganda. Study subjects were
participants aged 6months to 74 yearsfollowed in cohorts in Tororo,
Jinja, and Kanungu Districts in Uganda. We studied 919 samples from
study subjects that were collected at the time of presentation with
fever(within 7 daysof onset of fever) irrespective of whether they had
been diagnosed with malaria from 2011-2014.Temperature on the day
of enrolment was measured to be >37.5°C.Thesamples were tested

for malarial infection by microscopy of thick and thin blood smears

and for DENVand CHIKVinfections using commercial rapid diagnostic
tests (RDTs) for IgM for CHIKV (SD Bioline) and IgG/IgM/NS 1for DENV
(SD Bioline). Theoverallseroprevalence of DENVinfection was 2% and

of CHIKV infection was 14%. Seroprevalence at the three sites for

DENV and CHIKV was 3% and 27% in Tororo District, 2% and 10% in
Jinja District, and 0.3% and 3% in Kanungu District, respectively. The
prevalenceof Plasmodium falciparum infection in the same samplesfrom
Tororo, Jinja and Kanungu districts was 34%,16% and42 %, respectively.
Thus,arbovirus seroprevalence did not correlate with relative intensity

of malaria transmission, but it is noteworthy that, before recent
implementation of malaria control measures, malaria transmission
intensity at the 3 sites also followed the pattern Tororo>Jinja>Kanungu.
In summary, we found serological evidence for relatively high prevalence
of CHIKV infection and low prevalence of DENV infection in Uganda, with
marked differences in seroprevalence across the country.Additional studies
of the prevalence of arboviral infection in Uganda are needed.
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INVESTIGATING THE ROLE OF EXOSOMES IN FLAVIVIRUS
INFECTION OF AEDES MOSQUITOES

Alexander S. Gold, Sultan Asad, Fabiana Feitosa-Suntheimer,
Tonya M. Colpitts

Boston University, Boston, MA, United States

Exosomes are a subset of small extracellular vesicles manufactured by most
cell types and ranging in size from 40-150 nM in diameter. Originating
from mutlivesicular bodies, the first step in exosome formation is the
budding of these bodies, followed by the development and release of
intra-luminal vesicles into the extracellular space by exocytosis. These
vesicles have been detected in various bodily fluids and shown to mediate
intercellular communication through the transfer of macromolecules,
proteins, and genetic material. Apart from these natural functions,
Ramakrishnaiah et al. (2013) demonstrated that exosomes from Hepatitis
C virus (HCV)-infected human liver cells contained viral RNA and were
infectious. Similarly, Bukong et al. (2014) reported that exosomes isolated
from the sera of HCV-infected patients were infectious and contained viral
RNA in complex with the protein Ago2 and micro RNA 122, a complex
known to enhance viral infection. Whereas these findings support that
exosomes are involved in cell-to-cell spread of HCV, the role of exosomes
in other flavivirus infections has not yet been well-characterized. Vora

et al. (2018) showed that exosomes derived from Dengue virus (DENV)-
infected Aedes mosquito cells contained viral RNA and were infectious

to naive Aedes and mammalian cells, indicating a function of exosomes

in the transmission of DENV from mosquito vector to human host. While
the results of this study support the ability of DENV to use exosomes to
enhance infectious output during transmission from vector to host, there
has yet to be any evidence that exosomes serve a function in the opposite
process: the transmission of DENV from human host to mosquito vector.
By isolating exosomes from the sera of DENV-infected patients, confirming
the presence of viral RNA in these exosomes, and demonstrating the ability
of these exosomes to infect Aedes and Aedes cells, we have shown that
DENV uses exosomes to mediate transmission from host to vector, further
elucidating the role of exosomes in the viral lifecycle of DENV, as well

as suggesting at the involvement of exosomes in other mosquito-borne
flavivirus infections.

ARBOVIRUS SURVEILLANCE NEAR THE MEXICO-U.S.
BORDER: CO-CIRCULATION OF DENGUE VIRUS SEROTYPES
1,2, AND 3, WEST NILE VIRUS AND CHIKUNGUNYA VIRUS IN
TAMAULIPAS, NORTHERN MEXICO

S. Viridiana Laredo-Tiscareno!, Javier A. Garza-Hernandez?,

Ma Isabel Salazar?, Erick J. De Luna-Santillana#, Gloria L. Doria-
Cobos®, Julian E. Garcia-Rejone, Carlos Machain-Williams®, Bradley
J. Blitvich?, Mario A. Rodriguez Pérez*

'Centro de Biotecnologia Gendmica del Instituto Politécnico Nacional,
Reynosa, Mexico, 2Universidad Auténoma de Ciudad Judrez, Juarez,
Mexico, 3Instituto Politécnico Nacional, Mexico City, Mexico, “Instituto
Politécnico Nacional, Reynosa, Mexico, *Secretaria de Salud, Reynosa,
Mexico, SUniversidad Auténoma de Yucatan, Merida, Mexico, lowa State
University, Ames, IA, United States

A clinical, serological, and molecular investigation was performed to
determine the presence of dengue virus (DENV) and other mosquito-
transmitted viruses among residents of the city of Reynosa, Tamaulipas on
the Mexico-U.S. border in 2014 to 2016. The sample population consisted
of 2355 patients with suspected dengue, in addition to 346 asymptomatic
individuals recruited during a household-based epidemiological
investigation designed to identify flavivirus seroconversions. Sera were
collected from patients with suspected dengue in the acute phase of
iliness and from asymptomatic individuals at enrollment and every 5 to 7
months for 19 months. Sera from suspected dengue patients were tested
for DENV antigen by enzyme-linked immunosorbent assay (ELISA) and
select antigen-positive sera were further tested using a serotype-specific,

guantitative reserve transcription-polymerase chain reaction. Sera from

a subset of patients was also tested for chikungunya virus (CHIKV) RNA.
A total of 418 (17.7%) patients with suspected dengue had laboratory-
confirmed DENV infections, including 82 patients positive for DENV RNA.
Three serotypes were detected (DENV-1, DENV-2, and DENV-3). CHIKV
RNA was detected in 13 of 34 (38.2%) patients, including five who also
contained DENV antigen. Sera from the household cohort were tested for
flavivirus-reactive antibodies by immunoglobulin (Ig) M and IgG ELISAs
using DENV antigen. A total of 217 (62.7 %) household participants

had flavivirus-reactive antibodies at enrollment and nine flavivirus-naive
individuals seroconverted. Sera from a subset of participants, including

all those who seroconverted, were further tested by plaque reduction
neutralization test, resulting in the detection of antibodies to DENV-1 and
West Nile virus. In summary, we provide evidence for the co-circulation

of five medically important arboviruses in Reynosa, Tamaulipas on the
Mexico-U.S. border.

DENGUE: AN EMERGING DISEASE OF PUBLIC HEALTH
CONCERN IN NEPAL

Sagun Paudel
Universitas Gadjah Mada, Yogyakarta, Indonesia

Dengue is fast emerging pandemic-prone vector-borne disease transmitted
by the bite of a mosquito infected with dengue virus serotypes. The
Aedes aegypti mosquito is the primary vector of dengue in Nepal. The
first case of dengue was detected in 2005 then sporadic cases & outbreak
was reported frequently. This paper aims to review dengue situation

and existing challenges of dengue in Nepal. Information was gathered

by reviewing articles, reports & government publications. Aedes aegipti
was identified in five districts of Nepal which reflects that there was local
transmission of dengue. The entomological survey shows that all four sub-
types of the dengue virus were scattered in Nepal. 42 out of 77 districts
were affected by dengue, spread of infection resembles that the disease
is now going in tarai plains from west to east. In fiscal year 2015/16, total
no. of 1527 dengue cases were reported from 42 districts. Integrated
vector management strategies were conducted by government. However,
frequent dengue outbreaks in the past couple of years & geographical
expansion of dengue vector approves that, these measures are not
sufficient. Dengue virus is rapidly expanding its range throughout the
country with frequent major outbreaks. So, Early diagnosis and treatment,
BCC, larva search and destroy, screening at border & strengthening early
warning and reporting is recommended for prevention and control of
dengue in Nepal.

DISCOVERY OF A TETRAHYDROTHIENOPYRIDINE
DERIVATIVE, A DENGUE VIRUS NS4B INHIBITOR WITH
POTENT ORAL IN VIVO EFFICACY

Fumiaki Yokokawa', Oliver Simon?, Sandra Sim?, Bin Zou?, Mei
Ding?, Wai-Ling Chan?, Cyrille S. Kounde?, Hui-Quan Yeo?, Gang
Wang?, Qing-Ying Wang?, Kah Fei Wan?, Hongping Dong?, Ratna
Karuna?, Siew Pheng Lim?, Suresh B. Lakshminarayana?, Stephanie
Moquin', Chang Bok Lee', Katherine Chan', Alex Chao’,
Christopher Sarko', Bryan K. S. Yeung?, Feng Gu'

'Novartis Institute for Tropical Diseases, Emeryville, CA, United States,
2Novartis Institute for Tropical Diseases, Singapore, Singapore

Dengue fever is the world’s most prevalent mosquito-borne viral disease
caused by the four serotypes of dengue viruses (DENV), which are widely
spread throughout tropical and sub-tropical countries with 390 million
infections and 40,500 deaths per year. Currently, the dengue vaccine,
Dengvaxia® by Sanofi, has been approved in several countries for use

in endemic areas, however recent analysis found that Dengvaxia® could
cause more cases of severe disease for those who had never been infected
by dengue virus. To date, no antiviral agents have been approved to treat
dengue fever, therefore, there is an urgent need to develop effective and
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safe antiviral therapeutics. We have identified tetrahydrothienopyridine
derivatives from phenotypic screening as a first-in-class pan-serotype
dengue virus inhibitor. Resistance analysis showed that mutations in the
dengue viral NS4B sequence (nonenzymatic transmembrane protein and
a component of the viral replication complex) conferred resistance to
compound inhibition, suggesting that the NS4B protein is a molecular
target of this scaffold. Extensive SAR studies of this scaffold led to the
discovery of new analogs with improved potency in a nanomolar to
submicromolar range against all four dengue serotypes. Optimization of
physicochemical properties as well as oral in vivo pharmacokinetic profile
led to a compound showing excellent oral efficacy in the DENV-2 infected
AG129 mouse model with >one log viremia reduction when orally dosed
at 30 mg/kg once daily for three days. Furthermore, this compound
showed good selectivity against off-target safety and cytotoxicity panels.
This presentation will discuss our dengue phenotypic screening campaign,
medicinal chemistry strategy, SAR, in vitro and in vivo profile of the
optimized compound.

DENGUE VIRUS INFECTION AND LEISHMANIASIS IN PATIENTS
ATTENDING A MEDICAL HEALTH CENTER IN THE RURAL
COMMUNITY OF ILARA-MOKIN, ONDO STATE, NIGERIA

Olayinka Osuolale, Tolulope Daramola, Olanike Alajo
Elizade University, llara-Mokin, Nigeria

Dengue and leishmaniasis are serious diseases that the World Health
Organization (WHO) characterizes as lacking effective control measures.
Transmitted by insect vectors and can result in epidemic outbreaks.
Sustained control of the vectors are difficult for dengue and leishmaniasis
because their high reproductive potential allows the vector populations to
recover quickly after intervention wherever adequate breeding conditions
exist. Because of their misdiagnosis or underdiagnosed, it is endemic in the
tropical countries. Prevalence and epidemiology of these diseases is poorly
understood and misdiagnosed in Nigeria, in most cases with malaria. Our
study aims to investigate dengue virus and leishmaniasis co-infections in
patients visiting a rural community medical center in Elizade University,
llara Mokin, Ondo State. Blood samples were collected and analyzed for
two months. SD Dengue Duo and Bio-rad IT Leish serological test kits was
used for the samples analysis. This study examined 101 samples which
were simultaneously tested for the target infections. In about 23.76%

of the samples (24 samples) were positive for dengue infections. Gender
wise, more males (79.17%) than females (20.83%) tested positive to the
virus infection. 37.5% of the positive samples were primary infections,
91.6% were past or secondary infections and 33.3% of the samples show
late primary infections and early secondary infections. Only 1 sample was
positive for Leishmaniasis. The majority of the study population had no
pre-knowledge of dengue infection and leishmaniasis as they are carriers
of the diseases, providing new insights on both incidence and prevalence.
It was discovered that those from villages especially the South-South of
Nigeria tested positive the most as carriers of the diseases. Therefore, these
areas need special attention for surveillance and treatment for preventive
measures. In addition, this study recommends a concerted effort by

all stakeholders to enlighten the people about dengue infection and
leishmaniasis, and its prevention and eradication from such regions.

C-REACTIVE PROTEIN AS A POTENTIAL BIOMARKER FOR
DISEASE PROGRESSION IN DENGUE: A MULTI-COUNTRY
OBSERVATIONAL STUDY

Duyen Thi Le Huynh', Vuong Lam Nguyen', Lam Khanh Phung',
Hoai Tam Thi Dong?, Kinh Van Nguyen?, Cameron Simmons?,
Ngoun Chanpheaktra?, Lucy Lum See®, Ernesto Pleités Sandovale,
Kerstin Rosenberger’, Vinh Chau Van Nguyens, Christine Halleux®,
Piero Olliaro®, Thomas Janisch?, Bridget Wills', Sophie Yacoub'

'Oxford University Clinical Research Unit, Ho Chi Minh City, Vietnam,
2University of Medicine and Pharmacy, Ho Chi Minh City, Vietnam,
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San Salvador, El Salvador, "Heidelberg University Hospital, Heidelberg,
Germany, ®Hospital of Tropical Diseases, Ho Chi Minh City, Vietnam, °TDR,
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Dengue infection can cause a wide spectrum of clinical outcomes. The
severe clinical manifestations occur late in the disease course, during day
4-6 of illness, allowing a window of opportunity for risk stratification.
Markers of inflammation may be useful biomarkers. We investigated

the value of CRP measured early on illness days 1-3 to predict dengue
disease outcome and the difference in CRP levels between dengue and
other febrile illnesses (OFI). We performed a nested case-control study
using the clinical data and samples collected from the IDAMS-consortium
multi-country study. This was a prospective multi-center observational
study that enrolled almost 8000 participants presenting with a dengue-like
iliness to outpatient facilities in 8 countries across Asia and Latin America.
Predefined severity definitions of severe and intermediate dengue were
used as the primary outcomes. 378 cases with severe/intermediate dengue
were compared to 1134 uncomplicated dengue patients as controls (ratio
1:3), and also 400 patients with OFI. In patients with confirmed dengue,
higher CRP levels in the first 3 days of illness were associated with a higher
risk of severe outcome (OR 1.64, 95% Cl 1.21-2.24), and longer fever
clearance time (HR 0.87, 95% CI 0.77-0.99) but not with hospitalization.
CRP levels showed a quadratic association between dengue and OFl
diagnosis; with levels of approximately 30 mg/dL associated with the
highest risk of having dengue. This risk decreased with lower and higher
levels of CRPs, likely representing diagnoses with other viral infections
with CRP levels <30mg/dL and bacterial infections >30 mg/dL. Antibiotics
were given in 6.6% of dengue patients, and these patients had similar
outcomes to those not given antibiotics, even those with CRP levels
>40mg/dL. CRP had a positive correlation with total white cell count

and neutrophils and negative correlation with lymphocytes, but did not
correlate with liver transaminases, albumin, or platelet nadir. In summary,
CRP measured in the first 3 days of illness is a useful biomarker for early
dengue risk prediction and may assist differentiate dengue from other
febrile illnesses.

MITIGATION AND PREVENTION OF DENGUE OUTBREAKS
AND SUSTAINING LOW ENDEMICITY THROUGH A
COMPREHENSIVE INTEGRATED APPROACH BASED ON BEST
PRACTICES: SRI LANKA

Dompeyalage Shamali Anoja Fernando Dheerasinghe’,
Mizaya Cader?, Prashila Samaraweera’, Iroshini Abeysekara’,
W.m.i.p. Weerasinghe', O.b.w Rajapaksha’, K.a.l.c Kodithuwakku?,
Nimalka Pannila Hetti', Hasitha Tissera’

'National Dengue Control Unit, Ministry of Health, Colombo, Sri Lanka,
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Dengue is a leading public health problem in Sri Lanka where all ages

are affected. The aims of the dengue control programme are to carry

out proactive integrated vector management based on real-time Dengue
surveillance (epidemiological & entomological) data and to strengthen
human resource and infrastructure to improve clinical management of
Dengue. There has been significant progress in epidemiological and
entomological surveillance, clinical management, and active engagement
of various ministries through the Presidential Task Force (PTF) on Dengue
to enhance community participation. A guideline was developed for Aedes
vector surveillance and control. Field health officers were trained on vector
surveillance and vector control according to the guideline. Field Assistants
Mosquito Control (1287) were recruited in a phased manner in 2017

to work at the community level to lead source reduction activities and
other vector control and vector surveillance activities. Special Mosquito
Control Campaigns (SMCCs) were conducted in 2017 and 2018 for source
reduction, with the participation of stakeholders covering 2.7 million and
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1.4 million premises respectively. The PTF was reactivated in 2017 and
24 PTF meetings have been conducted to date to assess the progress of
control activities with the participation of relevant stakeholders. In-service
training programmes were conducted (35 and 15 in 2017 and 2018
respectively) for medical doctors and other clinical staff by the local and
foreign experts on clinical management. Moreover, the capacities of

high dependency units were strengthened to manage Dengue patients
efficiently. During SMCC’s conducted in 2017 and 2018, health workers
along with the Tri-Forces/Police found 20% and 21% potential breeding
places and 1.98% and 2.29% positive breeding places in the respective
years. Thus there was a reduction in the incidence of Dengue from 865.9
t0 239.8 per 100,000 population (in 2017 and 2018 respectively) and
case fatality rate has been halved from 0.24% to 0.11% from 2017 to
2018. An integrated approach is an effective method in sustaining low
endemicity and curtailing Dengue outbreaks.

COMPARING THE COMPETENCE OF GHANAIAN AND
VIETNAMESE AEDES MOSQUITOES AS VECTORS OF THE
DENGUE VIRUS

Michael Amoa-Bosompem’, Daisuke Kobayashi?, Katsunori
Murota?, Astri Nur Faizah?, Kentaro ltokawa?, Mitsuko Ohashi’,
Samuel Dadzie*, Kofi J. Bonney?, Toshinori Sasaki?, Haruhiko
Isawa?, Kyoko Sawabe?, Shiroh lwanaga'

"Tokyo Medical and Dental University, Tokyo, Japan, *National Institute of
Infectious Diseases, Tokyo, Japan, 3The University of Tokyo, Tokyo, Japan,
“Noguchi Memorial Institute for Medical Research, Accra, Ghana

Dengue fever is an arboviral infection of public health concern caused

by at least 4 antigenically different serotypes of the dengue virus. It

is transmitted by the Aedes mosquito, infecting 390 million people
annually with 25,000 deaths. The distribution, frequency and intensity

of outbreaks have varied quite significantly over the years. In 2016,

the Americas and Asia reported cases in the millions and hundreds of
thousands respectively while Africa reported cases in the thousands.
Within Africa, Ghana, unlike her neighboring countries, is yet to report

a single outbreak despite an abundance of the Aedes mosquito vector.
Serological reports have however suggested possible exposure to the
dengue virus or a closely related flavivirus. While many factors have been
hypothesized as the reason for the differences, determining the effect of
vector competence is of utmost importance. The aim of this study was
therefore to compare the vector competence of Aedes mosquitoes from
Ghana and dengue endemic Vietnam. In this study, Mosquito larvae were
collected from various parts of Ghana and Vietnam and established in the
lab. The virome of the laboratory colonies were determined after which
adult female mosquitoes were infected with the dengue virus. The Saliva,
thorax/abdomen and carcass of individual mosquitoes were harvested and
screened at 7 and 14 days post infection. The infection rate, dissemination
rate and transmission rate were determined by qPCR and Focus assay.
Our results show Vietnamese Aedes mosquitoes to be significantly more
susceptible to Dengue virus colonization. Furthermore the dissemination
rate of the virus in the Vietnamese mosquitoes was double that of the
Ghanaian mosquitoes. Last but not least while there was no significant
difference in the time viruses were detected in the saliva of infected
mosquitoes, the concentration in the Vietnamese mosquitoes were
significantly higher. In conclusion, Aedes mosquitoes from Vietnam are
more efficient vectors of the Dengue virus than Aedes mosquitoes from
Ghana and the difference in vector competence may play a significant role
in distribution and intensity of outbreaks.

CONGENTITAL DENGUE: CD133+ AND CD34+
HEMATOPOETIC STEM CELLS IN UMBILICAL CORD BLOOD
ARE INFECTABLE BY DENGUE VIRUS CONFERRING VERTICAL
TRANSMISSION

Amrita Vats
National Cheng Kung University, Tainan, Taiwan

Dengue affects more than 100 million people worldwide annually.
Numerous routes of transmission for dengue virus (DENV) have

been documented. The cases of dengue resulting from stem cell
transplantations and mother-to-infant vertical transmission are escalating
in recent years. Consequences of mother-to-fetal transmission have been
shown to be associated with miscarriage and stillbirth. DENV proteins

and genomic RNA have been detected in placenta, serum and cord blood
of baby with a fever and subclinical infection upon delivery. Umbilical
cord blood (UCB) is the essential bridge connecting placenta and infant
and is abundant with stem cells. We, therefore, hypothesize that DENV
after passing through placenta may amplify further in stem cells within
UCB. In this study, freshly obtained UCBs were utilized and fluorescence-
activated cell sorting (FACS) was performed to analyze the stem cells
after DENV infection. Viral titers in supernatants of infected UCB were
performed by plaque assay. Results showed that cells in UCB were highly
permissive to DENV, enhanced proliferation of hematopoietic stem and
progenitor cells (HSPC) was observed, balance of transcriptional factors
(GATA-1,GATA-2,GATA-3) were disturbed, DENV nonstructural protein 1
(NS1) was mainly associated with CD34+ and/or CD133+ cells analyzed by
FACS and immunofluorescence staining, sorted CD133+ or CD34+ cells
were infectable by DENV, and infectious DENV could be recovered from
infected CD34+ and CD133+ cells upon co-culture . Furthermore, viral
RNA in specific organelle was found after 30 days of infection, suggesting
the longevity of stem cells in DENV infected UCB. Our cumulative results
submit that CD133+ and/or CD34+ cells in UCB are not only permissive
to DENV infection but also might serve as a reservoir for dissemination of
the virus. The findings may indicate the unique property of DENV in stem
cells contributing to DENV transmission from mother-to-infant, resulting in
the clinical significances in newborn babies, especially in dengue-endemic
regions.

DENGUE FEVER, AEDES AEGYPTI AND CLIMATE DYNAMICS
FROM THE TEMPERATE CITY OF CORDOBA, ARGENTINA,
DURING THE TIME SERIES OF 2009-2017

Elizabet L. Estallo’, Rachel Sippy?, Anna Stewart-Ibarra?, Marta
G. Grech?, Francisco F. Ludueia-Almeida’, Elisabet M. Benitez',
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Walter R. Almirén’
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Argentina is located at the southern range of arboviral transmission

by Aedes aegypti and has experienced a rapid increase in arbovirus
transmission in recent years. The aim of this study was to present, for
the first time, the methods and findings from a prospective long-term
entomological surveillance study that began in 2009 in the city of
Cordoba, following the first dengue virus (DENV) outbreak. We analyze
the seasonal and interannual dynamics of DENV transmission in the city,
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in relation to Ae. aegypti indices and local climate. Therefore, from 2009
to 2017, larval surveys were conducted monthly, from November to May,
in 600 randomly selected households distributed across the city. From
2009 to 2013, ovitraps (n=177) were sampled weekly to monitor the
oviposition activity of Ae. aegypti. Cross correlation analysis was used

to identify significant lag periods between climate, entomologic and
epidemiologic variables. Climate, entomologic and epidemiologic variables
exhibited a strong seasonal pattern with a single peak within the year
(climate, epidemiologic) or sampling period (entomologic). The largest
correlation between autochthonous dengue and minimum temperature
was at 9 weeks (positive), and there was a large positive correlation
between autochthonous dengue and relative humidity (minimum, mean,
maximum) at 4 weeks. There was a positive correlation with mean

relative humidity at lag 4 in 2009, and a negative correlation between
ovitrap positivity and minimum relative humidity at lag 2 in 2010. Ovitrap
positivity was positively correlated with relative humidity (mean, maximum)
and precipitation at a 5-week lag and negatively correlated with mean
temperature in 2012. This prospective entomological surveillance study
provides the first evidence that Ae. aegypti larval indices in this temperate
region have increased over the last 9 years, a period when arboviral
diseases have become epidemic for the first time. These findings suggest
an increasing the risk of arbovirus emergence and sustained transmission
at temperate southern latitudes, where these diseases were not previously
reported.

UNCOVERING THE DENGUE-1 SPECIFIC MEMORY B CELL
DERIVED ANTIBODY REPERTOIRE IN IMMUNE DONORS 1 TO
43 YEARS AFTER DENGUE INFECTION IN A NON-ENDEMIC
COHORT

Zoe Lyski', Bettie Kareko', Brian Booty?, Jana Mooster!, William
Messer

'Department of Molecular Microbiology and Immunology, Oregon Health
and Science University, Portland, OR, United States, *Oregon Clinical and
Translational Research Institute, Oregon Health and Science University,
Portland, OR, United States

Mosquito transmitted flaviviruses, including dengue virus (DENV) are
among the most important vector-borne pathogens of humans worldwide,
responsible for 100 million symptomatic cases and ~35,000 deaths each
year. Upon DENV infection, DENV-specific host B-cells differentiate and
proliferate. Some become long-lived antibody-secreting cells (long-lived
plasma cells) while others become DENV-specific memory B cells (MBCs)
that remain in circulation, poised to protect against future infections,
forming a founder population that plays a critical role in establishing

and maintaining long-term viral immunity. Despite this critical role, much
remains incompletely described regarding lifespan, specificity, and the
potency and breadth of MBCs and the antibodies they encode and secrete
upon reinfection. This knowledge is vital for understanding long-term
human immunity to flaviviruses as well as for rational vaccine design. Here
we identify and quantify DENV-specific MBCs in humans with a single
DENV infection. Using PBMCs from 15 primary DENV-1 donors with times
since infection ranging from 1-43 years, we employed two complimentary
experimental approaches to quantify DENV-specific MBCs. In our first
approach, PBMCs were stimulated in vitro to become antibody-secreting
cells and the resulting antibodies assessed for DENV-specificity by ELISA
using whole DENV virus (DENV1-4) as well as non-structural protein NS1.
The second method used flow cytometry to quantify human MBCs (CD3-
CD14-CD19+CD27+lgD-) that bind fluorescently labeled DENV. Using
these approaches, we were able to identify DENV-specific MBCs that
remain in circulation decades after infection. MBC frequency was inversely
correlated with time since infection. These experiments lay the foundation
to functionally characterize DENV-specific MBCs and the antibodies they
are programmed to secrete, including frequency of DENV-binding and
neutralizing MBCs and the potency and breadth these antibodies have
against antigenically diverse DENV. The results of this project will provide
insight into the MBC founder population and the role it plays in broader
DENV immunity.

CHARACTERIZING THE SPATIO-TEMPORAL DYNAMICS OF
DENGUE IN BRAZIL

Saki Takahashi, Isabel Rodriguez-Barraquer
University of California San Francisco, San Francisco, CA, United States

Roughly half of the global population is at risk of dengue infection,
predominantly in urban areas in Southeast Asia and Latin America. There
are four main serotypes of dengue virus that co-exist, and infection
confers long-term immunity against only the infecting serotype. Although
dengue is classically considered a childhood disease, the age distribution
of cases depends on local demography as well as how long serotypes have
been present. In Brazil, where dengue was re-introduced in the 1980s
and which now accounts for the majority of dengue cases reported in

the Americas, the disease classically affected mainly adult populations.
However, in 2007, the age distribution of cases drastically shifted towards
younger age groups. Here, we investigate the causes and consequences of
this punctuated drop in the age distribution of dengue cases, leveraging
annual state-level counts of age-stratified, hospitalized dengue cases in
Brazil between 1992 and 2017. We deploy a mathematical modeling
framework to clarify spatio-temporal patterns of population-level
susceptibility to dengue in Brazil, and explore the interplay between
human demography, transmission epidemiology, and serotype-specific
immunity on dengue burden more generally. With more countries prone
to dengue transmission undergoing the demographic transition, the
ability to project age-structured cases into the future will inform public
health planning. Clarifying serotype-specific immunity and risk will

also be important for countries considering introduction of childhood
immunization with the dengue vaccine.

THE LABORATORY PROFILE OF DENGUE IN PATIENTS
ADMITTED TO TEACHING HOSPITAL ANURADHAPURA

Shobha Sanjeeewani Gunathilaka', SAM Kularatne?, Jayantha
Rajapakse?, Rohitha Muthugala®

'Rajarata University of Sri Lanka, Faculty of Medicine and Allied Sciences,
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Peradeniya, Sri Lanka, *Faculty of Veterinary Medicine and Animal
Sciences, Peradeniya, Sri Lanka, “Teaching Hospital Kandy, Kandy, Sri Lanka

Dengue is an arthropod-borne viral disease caused by an RNA virus
belonging to the genus Flaviviruses. Dengue has become a major public
health problem in the world as well as in Sri Lanka. The clinical and
laboratory profiles of dengue may vary depending on the age, immunity
states and the involved serotype of the virus etc. Nevertheless, the
differences of presentation, the timely diagnosis, triage, and proper
monitoring plays a vital role in saving lives of dengue patients. For this, the
knowledge on clinical presentations, the utility of the available national
and international guidelines and the choice of ideal lab test/s for the
confirmation, in the local context, should be available to the clinicians and
other stakeholders. This study was aimed to assess the utility of specific
laboratory tests for the correct diagnosis of dengue. The data on available
investigation results and blood samples were collected from patients
admitted to medical wards of Teaching Hospital Anuradhapura, with the
probable diagnosis of dengue. The PCR testing was conducted in the

PCR laboratory at the Department of Veterinary Pathobiology, University
of Peradeniya, during one year starting from 1t December 2016. A total
of 213 patients were recruited by convenient sampling. The mean age

of the study group was 32.98 years (SD=13.1). Of them, the majority
(81.7%) were males. Only 1.6 % of the patients have a maximum drop of
more than 100 x 10° per mm? platelets per one day. RT PCR was positive
only in 38 blood samples. The sensitivity and specificity of NS1 and/or

Ig M dengue 44.7% and 65.7% respectively. The commonest serotype
was DENV 2. The utility of serology, NS1 and, PCR and virus isolation

tests in the diagnosis of the disease in the Sri Lankan context should be
investigated further by researchers.
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CHARACTERIZING EXPOSURE TO DENGUE VIRUS INFECTION
IN COASTAL KENYA

Henry Kibe Karanja', John N. Gitonga', Doris Nyamwaya',
Donwilliams Omwoyo!, Everlyn Kamau', Barnes Kitsao', Rosemary
Sang?, Limbaso Konongoi?, Daniel Wright?, Charles Nyaigoti',
George Warimwe'

TKEMRI-Wellcome Trust, Kilifi, Kenya, 2KEMRI-Centre for Virus Research,
Nairobi, Kenya, 3The Jenner Institute, University of Oxford, Oxford, United
Kingdom

Dengue virus (DENV) is the most widespread arbovirus globally, causing
over 300 million infections every year. Typically, the disease occurs as
outbreaks of a self-limiting febrile illness that can sometimes result in
life-threatening complications including shock and bleeding diathesis.
However, despite occurrence of dengue outbreaks in Africa, very little is
known regarding the burden, distribution and viral genetic diversity of
DENV infections in the continent. To begin addressing these knowledge
gaps we are characterising the epidemiology of DENV infections in coastal
Kenya, where recurrent dengue outbreaks have previously occurred.
Specifically, we are utilising a unique biobank of samples from children
and adults in coastal Kenya spanning 20 years (1998-2018) to estimate:
1) the annual prevalence, age profiles and incidence of seroconversion for
antibodies to DENV, and 2) the burden of clinical DENV infections among
acute inpatient and outpatient hospital visits within the same period.
Results from these analyses will be presented at the meeting.

A NEW SET OF PRIMERS FOR IN-HOUSE LOOP-MEDIATED
IS OTHERMAL AMPLIFICATION (LAMP) FOR DENGUE VIRUS
DIFFERENTIAL DIAGNOSIS

Scarlett Barrientos Pefia, Oscar Nolasco Cardenas

Laboratorios de Investigacion y Desarrollo, Facultad de Ciencias y Filosofia,
Universidad Peruana Cayetano Heredia, Lima, Peru

Early detection of infection is a key step in the management of dengue
cases; both in the clinical management and the control of the expansion
of the disease. However, serological tests, which are the most used tools
for diagnosis in first-level health centers, need at least five days (from the
beginning of the infection) to be useful. Even so, these tests are subject
to problems of specificity. Loop mediated isothermal amplification (LAMP)
tests are fast, simple and therefore attractive for environments where
implements necessary for more complex tests do not exist, like real-time
PCR. In this work, we performed the in-house design of LAMP primers

for the differential diagnosis of dengue virus serotypes. To this end,
dengue virus sequences were downloaded from GenBank and aligned

in MEGA v7. Subsequently PrimerExplorer V5 was used to generate

sets of candidate LAMP primers from the most conserved regions, for
each serotype. Each set of primers was evaluated for the formation of
secondary structures and specificity using OligoAnalyzer v3.1 and Primer
Blast, respectively. The best sets were evaluated to determine their
amplification conditions, using neutral red dye for visual detection, which
shows a color change from yellow to fuchsia when DNA synthesis occurs.
The limit of detection for the sets designed, using plasmids, was 664,99
copies/uL for DENV-1; 3 035,75 copies/ul for DENV-2; 19 6476.80 copies/
uL for DENV-3 and 207,65 copies/ulL for DENV-4. The average incubation
time was 1 hour £ 10 minutes. The analytical specificity determined was
100%. Additionally, LAMP primers were evaluated in a RT-LAMP format
using AMV enzyme for reverse transcription and RNA extracted from 106
samples obtained by active collection in peri-urban areas from Iquitos. Four
samples were positive by DENV-2 LAMP and the results were compared
with those obtained by real time PCR. The amplification region sequencing
confirmed the presence of serotype 2 dengue virus in the samples, with

a 99% identity to strains found in Peru according to GenBank (isolate
DENV-2/PE/NFI1159/2010). The four sets of designed primers are shown as
a promising alternative for use in LAMP tests.

CIRCULATION OF MULTIPLE DENGUE VIRUS SEROTYPES IN
IBADAN NIGERIA

Anyebe B. Onoja', Mamoudou Maiga?, Adekunle J. Adeniji’,
Georgina N. Odaibo’, Robert L. Murphy?, Olufemi D. Olaleye!

'University of Ibadan, Ibadan, Nigeria, ?Center for Innovation in Global
Health Technologies, Northwestern University, Evanston Campus, IL,
United States, *Centre for Global Health, Feinberg School of Medicine,
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Dengue is a rapidly spreading mosquito-borne illness in many parts of

the world. In Africa, the first empirical evidence of dengue virus was from
Ibadan Nigeria, where DENV-1 and -2 serotypes were identified during an
epidemic between 1964 and 1968. In recent times, high rate of dengue
has been reported in Ibadan as a result of increased breeding of Aedes
species. However, specific strains responsible for dengue outbreaks after
1960s episodes has been unknown. We employed molecular techniques to
identify currently circulating DENV strains among the general population
across different parts of Ibadan Nigeria. A prospective study was

carried out from July to August, 2018 involving 175 randomly selected
febrile participants attending three big hospitals in Ibadan Nigeria. The
participants tested negative for malaria parasite examination and typhoid
fever. Viral RNA was extracted from plasma and prM/E junction of DENV
was detected using conventional PCR. Heat-inactivated tissue culture-
based DENV1-4 isolates used by the Global Dengue Laboratory Network
were included as positive controls. Kruskal-Wallis test was used to compare
positivity of each serotype with respect to participants’ age, occupation,
hospital, and clinical symptoms. The post hoc test was conducted

using Mann-Whitney test to identify specific association. All tests were
conducted at 0.05 level of statistical significance. A total of 40 (22.8%)
participants were infected with at least one DENV serotype. Specific
serotypes identified are DENV-1 2 (1.1%), DENV-2 19 (10.9%), DENV-3 11
(6.3%) and DENV-4 13 (7.4%). Five participants had dual infection with
DENV-2 and other serotypes. Dual infectivity was not a function of age.

A significant association was observed between symptoms of participants
confirmed with DENV-3 (X2 = 29.930, df = 17, p=0.027). In this study,
DENV-3 and -4 serotypes were found, with very low incidence of DENV-1.
Findings indicate a deviation from high DENV-1 and -2 activity previously
reported in Ibadan. Phylogeny and evolutionary analysis is required to
establish ancestry of these strains.

DIFFERENTIAL SUSCEPTIBILITIES AND IMMUNE RESPONSES
OF AEDES AEGYPTI TO TWO DENGUE 4 VIRUS STRAINS

Caroline J. Stephenson, Seokyoung Kang, John A. Lednicky,
Rhoel R. Dinglasan

University of Florida, Gainesville, FL, United States

Dengue virus (DENV) is responsible for the largest number of arbovirus
infections among humans globally. There are four serotypes: DENV1,

-2, -3 and -4. Little is known about how genetic differences between
DENV serotypes and among strains can lead to differences in mosquito
susceptibility. We compared mosquito susceptibilities and immune
responses within the midgut and carcass of Orlando strain Aedes aegypti
infected with two strains of DENV4 and one strain of DENV2. Mosquitoes
were given infectious bloodmeals containing either DENV4 lab strain
H241, a field isolate of DENV4 obtained from a child in Haiti in 2015,

or DENV2 New Guinea C (NGC) strain. When A. aegypti ingest viremic
blood, the blood passes into the midgut, and epithelial cells are a target
for infection. If DENV passes the midgut barrier, it disseminates into the
hemolymph and then throughout the body. In our work, mosquitoes
were fed either naive blood (no virus) or virus-spiked blood, then collected
7- or 10-days post-blood meal for plaque assay to quantify virus titer. The
median virus titers were between 2-4 logs higher (p<0.01) within DENV4
Haiti- and DENV2 NGC-infected mosquito midgut and carcass samples
than in DENV4 H241-infected samples. These results suggest that the
DENV4 strains that were tested have different phenotypes. The mRNA
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levels of transcription factor Rel 2 and its negative regulator, Caspar, of
the Immune Deficiency (IMD) innate immune pathway of A. aegypti were
measured via quantitative real-time RT-PCR, relative to an internal control
gene transcript (RPS7). Rel 2 and Caspar were significantly different within
DENV4- Haiti-infected mosquito pools from that of the naive blood control
group. No significant changes were noted between either DENV4 H241

or DENV2 NGC with the naive blood control. These data further suggest
that in addition to higher susceptibility of A. aegypti to DENV4 Haiti, there
may be a concurrent negative effect on the immune response, but not for
DENV4 H241 or for DENV2 NGC. Further research is needed to pinpoint
the genetic difference(s) between the two DENV4 strains responsible for
the different responses in Orlando A. aegypti after infection.

GENETIC DIVERSITY OF CIRCULATING DENGUE VIRUSES IN
THE PHILIPPINES (2014 - 2017)

John Mark S. Velasco, Chonticha Klungthong, Ma. Theresa
Valderama, Paula Corazon Diones, Piyawan Chinnawirotpisan,
Wudtichai Manasatienkij, Yongyuth Poolpanichupatam, Khajohn
Joonlasak, Damon Ellison, Stefan Fernandez, Louis Macareo
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Bangkok, Thailand

The Philippines conducted a dengue vaccination campaign involving ~
830,000 population from Apr 2016 to Apr 2017. The Philippines is also
part of the Phase 3 Takeda dengue vaccine clinical trial with the 1st and
2nd doses given from Sept 2016 to Jul 2017. Sieve analysis by Rabaa et
al. (2017) on breakthrough dengue infections from the CYD14/15 trials
showed absence of a direct relationship between vaccine efficacy and
genetic similarity between Dengvaxia (CYD-TDV) strains and wild-type
strains while Juraska et al. (2018) described this effect to be limited to
DENV-4 and the 2-8 y.0. age group. To provide circulating DENV genetic
diversity data during the mass vaccination, we obtained serum samples
from dengue-diagnosed patients who were located in the general area
where vaccinations occurred but who were not vaccinated with either
Dengvaxia or the Takeda dengue vaccine candidate. DENV PCR-positive
samples were inoculated onto C6/36 cell culture. We used lllumina MiSeq
to sequence the complete genome of the DENV isolates. Quality control,
de novo assembly, comparison to reference sequences, and mapping
were done to generate consensus sequences. Per serotype genotypic
analyses were performed by reconstructing rooted maximum likelihood
trees from DENV, reference, and vaccine strain sequences (whole genome
and envelope gene). 75 isolates were obtained from 100 DENV-PCR
positive samples (15 DENV-1, 15 DENV-2, 35 DENV-3, and 10 DENV-4).
Phylogenetic analyses of DENV sequences and Dengvaxia strains showed
that wild-type (WT) DENV-1 isolates belonged to genotype IV, DENV-1
vaccine strain belonged to genotype I; WT DENV-2 isolates belonged to
the cosmopolitan genotype, DENV-2 vaccine strain belonged to Asian |
genotype; WT DENV-3 isolates belonged to genotype I, DENV-3 vaccine
strain belonged to genotype IIl; WT DENV-4 isolates and DENV-4 Dengvaxia
strain both belonged to genotype lla. Analysis of the Takeda dengue
vaccine candidate (TAK-003) strains and circulating dengue strains was
also done. All WT dengue strains belonged to different genotypes versus
the Takeda’s dengue vaccine candidate strains.

EARLY GUILLAIN-BARRE’ SYNDROME COMPLICATING
DENGUE HEMORRHAGIC FEVER: TWO CASES FROM
MYANMAR

Aye Mya Theingi Win', Khin Ko', Aye Win', May Zabe', Cho
New', Mya Paing’, Patricia F. Walker?, Moe San'

'University of Medicine ('), Yangon, Myanmar, University of Minnesota,
Minneapolis, MN, United States

Dengue fever is a mosquito borne flavivirus which creates a heavy
burden of clinical illness in tropical and subtropical countries, including
Myanmar. Although it has very wide clinical presentations, neurological
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manifestations are quite rare. Here we report two cases of Guillain-Barre’
syndrome complicating dengue hemorrhagic fever. In both cases Guillain-
Barre’ syndrome occurred in the first week of fever, which is unusual
compared with other case reports and literature review. Case 1's motor
weakness was severe and the patient had to undergo plasma exchange.
Case 2 had mild motor weakness and needed only conservative treatment.
Nerve conduction study of both cases revealed variant types of Guillain-
Barre’ syndrome which are more common in Asian countries, specifically
acute motor axonal neuropathy (AMAN) and acute motor-sensory axonal
neuropathy(AMSAN). Both cases ended with an excellent outcome.
Awareness of early Guillain-Barre’s syndrome in patients with dengue fever
is important in order to potentially reduce morbidity and mortality from
this serious complication.

PRIMARY DENGUE INFECTION MODULATES ZIKA
PATHOGENESIS IN A TIME-DEPENDENT MANNER

Crisanta Serrano-Collazo’, Petraleigh Pantoja’, Lorna A. Cruz',
Erick X. Perez', Idia V. Rodriguez?, Teresa Arana', Melween
Martinez?, Mariah Hassert?, Laura J. White4, James D. Brien3, Vida
Hodara®, Luis Giavedoni®, Aravinda de Silva4, Amelia Pinto3, Carlos
A. Sariol’

'"UPR-Medical Sciences Campus, San Juan, Puerto Rico, *Unit of
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Microbiology and Immunology, St. Louis University School of Medicine,
St. Louis, MO, United States, “University of North Carolina at Chapel Hill,
Chapel Hill, NC, United States, *Department of Virology and Immunology,
Texas Biomedical Research Institute, San Antonio, TX, United States

Zika virus (ZIKV) infection remains a public health concern with the recent
epidemic infecting millions of people in the Americas. This flavivirus is
transmitted primarily through the bite of Aedes spp. mosquitoes, providing
the perfect vehicle to affect previously endemic dengue virus (DENV) areas
with ZIKV. ZIKV and DENV share a homology in amino acid sequence of at
least 50%, and studies have claimed that pre-existing immunity to ZIKV
may enhance DENV pathogenesis. To address the role of prior flavivirus
exposure on ZIKV associated to disease severity we recently showed that

a previous DENV infection (&gt; 2 years) does not result in enhanced ZIKV
pathogenesis. For this study, we aimed to determine if the length of time
between DENV and ZIKV infections has an impact on ZIKV pathogenesis.
The experimental design is based on the infection of 16 rhesus macaques
with ZIKV. Cohorts 1 (n=6) and 2 (n=4) had been exposed to DENV-2

one year and three months earlier, respectively, before infection with

ZIKV. A third flavivirus-naive cohort (n=6) was included as a control

group. qRT-PCR for measurement of viremia in serum, plaque reduction
neutralization assays, ELISA tests, and cell phenotyping via flow cytometry
were performed. gRT-PCR results show that viremia in serum was shorter
in macaques that were exposed to DENV twelve months earlier in
comparison to naive and the cohort exposed to DENV three months earlier.
We identified limited but significant differences in the magnitude of the
early humoral immune response associated to a period of twelve months
but not three months of DENV convalescence. However, the role of
antibodies limiting ZIKV replication is not conclusive. Additionally, animals
belonging to DENV 12M group display higher levels of activation of
memory subsets of cellular immune response. Our results strongly suggest
that there is a degree of cross-protection between DENV and ZIKV that is
time-dependent. A one year time-lapse between DENV and ZIKV infections
could positively modulate the immune response to induce protection.
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AN RT-PCR PANEL FOR RAPID SEROTYPING OF DENGUE
VIRUS SEROTYPES 1 TO 4 IN HUMAN SERUM AND
MOSQUITO ON A FIELD-DEPLOYABLE PCR SYSTEM

Jih-Jin Tsai', Wei-Liang Liu?, Ping-Chang Lin, Bo-Yi Huang',
Ching-Yi Tsai', Pin-Hsing Chou?, Fu-Chun Lee?, Chia-Fong Ping?,
Pei-Yu Alison Lee?, Li-Teh Liu¢, Chun-Hong Chen®
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Center, National Health Research Institutes, Zhunan, Taiwan, *GeneReach
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Science and Biotechnology, College of Medical Technology, Chung-Hwa
University of Medical Technology, Tainan City, Taiwan, *National Institute of
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Dengue fever, a mosquito-borne disease, is caused by dengue virus
(DENV) which includes four major serotypes (DENV-1, -2, -3, and -4).
Some serotypes cause more severe diseases than the other; severe
dengue is associated with secondary infections by a different serotype.
Timely serotyping can provide early warning of dengue epidemics to
improve management of patients and outbreaks. A mobile insulated
isothermal PCR (iiPCR) system is available to allow molecular detection

of pathogens near points of need. In this study, side-by-side comparison
with the CDC DENV-1-4 Real Time RT-PCR (qRT-PCR) was performed

to evaluate the performance of four singleplex DENV-1 - 4 serotyping
reverse transcription-iPCR (RT-iiPCR) reagents for DENV subtyping on the
mobile PCR system. The four RT-iPCRs did not react with Zika virus and
chikungunya virus; tests with serial dilutions of the four DENV serotypes
made in human serum showed they had detection endpoints comparable
to those of the reference method, indicating great analytical sensitivity and
specificity. Clinical performance of the RT-iPCR reagents was evaluated by
testing 40 serum samples each (around 20 target serotype-positive and
20 DENV-negative); all four reagents had high agreement (97.5 - 100%)
with the reference gRT-PCR. Moreover, testing of mosquitoes separately
infected experimentally with each serotype showed that the four reagents
detected specifically their target DENV serotypes in mosquito. With
analytical and clinical performance comparable to the reference qRT-PCR
assay, the four index RT-iiPCR reagents on the field-deployable PCR system
can serve as a useful tool for DENV detection near points of needs.

A PHASE | RANDOMIZED, DOUBLE-BLIND, PLACEBO-
CONTROLLED STUDY TO EVALUATE THE SAFETY,
TOLERABILITY, AND IMMUNOGENICITY OF A LIVE-
ATTENUATED TETRAVALENT DENGUE VACCINE (V181)
IN FLAVIVIRUS-NAIVE AND FLAVIVIRUS- EXPERIENCED
HEALTHY ADULTS

Kevin Russell’, Richard Rupp?, Javier Morales-Ramirez?, Clemente
Diaz-Perez*, Charles Andrews®, Matthew Davis®, Andrew Lee', Tyler
Finn', Amy Falk Russell’, Margaret Schaller', Jason Martin', Donna

Hyatt’, Sabrina Gozlan-Kelner', Jon Stek’, Beth-Ann Coller

"Merck & Co., Inc., Kenilworth, NJ, United States, *University of TX Medlical
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PR, United States, *Diagnostic Research Group, San Antonio, TX, United
States, °Rochester Clinical Research, Rochester, NY, United States

There is a large unmet medical need for dengue vaccines. A live-
attenuated tetravalent vaccine (LATV) was developed by the National
Institute of Allergy and Infectious Diseases, consisting of 4 viral
components representing the 4 dengue serotypes (DENV1, DENV2,
DENV3, and DENV4) and attenuated by deletion of 30 nucleotides in
the 3’ non-coding region of the genome (DENV3 has 2 deletions of 30
and 31 nucleotides). This Phase 1 study examined two LATV dengue
vaccine admixtures of the 4 DENV serotypes (TV003 and TV005) and
was conducted in the continental United States and Puerto Rico. TV005

is the same as TV0O3 except for a 10-fold higher DENV2 component.
Two hundred participants (including flavivirus-naive and -experienced)
were randomized into the trial (2:2:1; TV003:TV005:Placebo) to receive

a subcutaneous injection administered at Day 1 and Month 6. Vaccine
safety (solicited and unsolicited adverse events (AEs); daily temperatures)
was assessed using a Vaccination Report Card for 28 days following each
vaccination. All participants were followed for serious AEs and deaths,
from study entry through 1 year after last vaccination. Immunogenicity
was assessed relative to vaccination using a Virus Reduction Neutralization
Test at Day 1 (baseline); 28 days, 56 days, and 6 months Postdose 1; and
28 days Postdose 2. Since ~50% of participants were enrolled in dengue-
endemic Puerto Rico, endpoints related to wild-type dengue infection were
included. Participants were followed for dengue-related AEs (regardless
of seriousness) including laboratory-confirmed dengue fever, dengue
hemorrhagic fever, or dengue shock syndrome beginning at informed
consent through 1 year after last vaccination. Virologically-confirmed
dengue was defined as fever of >38.0°C (>100.4°F) for >2 consecutive
days with a positive qualitative and quantitative serotype-specific

reverse transcription polymerase chain reaction assay. The results of the
interim analysis at 28 days Postdose 1 demonstrate that the vaccine is
generally well tolerated and immunogenic in these flavivirus-exposed and
-unexposed participants. Data to 28 days Postdose 2 will be presented.

A DENGUE RT-PCR TEST PERFORMED DIRECTLY FROM
BLOOD OR PLASMA FOR DIAGNOSIS IN LOW-RESOURCE
SETTINGS

Ninad Mehta', Bastien Perrais’, Kimberly Martin', Anil Kumar?,
Tom C. Hobman', Mary N. Cabalfin-Chua?, Manuel E. Donaldo?,
Maria S. Panaiga®, James Y. Gaite?, Vanessa Tran®, Kevin C. Kain®,
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Infection with dengue virus (DENV) is widespread across tropical regions
and can result in severe disease. Early diagnosis is important both

for patient management and to differentiate infections that present

with similar symptoms, such as malaria, chikungunya, and Zika. Rapid
diagnostic tests (RDT) that are used currently for point-of-care detection of
DENV antigens lack the sensitivity of molecular diagnostics that detect viral
RNA. However, no molecular diagnostic test for DENV is available for use
in field settings. We developed and validated a RT-PCR for the detection of
DENV adapted for use in resource-limited settings. RT-PCR was performed
directly from patient blood or plasma samples without RNA extraction. The
assay detected all four serotypes of DENV spiked into blood or plasma. The
test performed equally well in a conventional lab gPCR instrument (Bio-
Rad CFX) and the Open gPCR Thermocycler (Chai Biotechnologies Inc),

a small, low-cost portable instrument that can be used in a field setting.
The lower limit of detection for the assay was 1 x 10* genome copy
equivalents/ml in blood. Finally, we validated our test using 126 archived
patient samples. The sensitivity of our RT-PCR was 76.7% (95% Cl: 65.8%
to 87.9%) on the conventional instrument, and 78.3% (95% Cl: 65.8%
to 87.9%) on the field instrument, when compared with a commercial
pan-DENV RT-PCR kit. The specificity was high, 93.9% (95% Cl: 85.2% to
98.3%) on the conventional instrument and 90.9% (95% CI: 81.3% to
96.6%) on the field instrument. This molecular test is user-friendly, low-
cost, and can be used in regions with limited laboratory capabilities.
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INCREASED SEVERITY OF ILLNESS IN THE 2019 DENGUE
FEVER EPIDEMIC IN RIBEIRAO PRETO, BRAZIL WITH
CONSEQUENT INCREASING NUMBER OF HOSPITAL
ADMISSIONS

Silvia N. Fonseca, Lude B. Silveira, Maria L. Freitas, Ivana C.
Lucca, Ronaldo D. Marani, Deise R. Ustulin, Gabrielly R. Sarria,
Franceliana B. Sgobi, Andre L. Fioravante, Rafael D. Duarte,
Alexandre V. Celia, Felicia D. Maia, Ernani M. Martins, Viviane F.
Veiga, Woe T. Chan

Hospital Sao Francisco, Ribeirao Preto, Brazil

Dengue fever (DF) is the most important arbovirus infection in the

world. Our hospital emergency room (ER) located in an endemic DF
region in Brazil has been dealing with large DF outbreaks since 2011.

We established an ER suspected DF (SDF) surveillance, based upon the
international classification of diseases codes, for ER patient visits and
hospital admissions (HA); one patient was counted as SDF in his/her
every ER visit for this reason. Yearly we calculated the ratio between #of
SDF HA/SDF ER visits. In January 2019 and on, we noticed an increased
number of DF patients with severe DF, requiring HA, even though we had
not detected a large # of SDF ER patients compared to previous years.
We trained all health care workers and followed the Brazilian Health
Ministry Guidelines for DF patient care; the focus was prompt detection
of warning signs, vigorous intravenous hydration for high hematocrit
and low platelet count, oral hydration for every patient at the ER and
daily or every other day returns based upon the patient risk to develop
severe DF. All severe DF or DF with warning signs patient was considered
for HA. We used NS1 and/or serology (IgM) to confirm DF diagnosis; the
study period went from January 2011 to April 2019. The rates between
# DF HA/ SDF ER visits in 2011, 2013 and 2016 were 112/29,349 (.38%),
54/21,842 (.25%) and 101/29,841 (.33%) respectively but in 2019, there
was a 10-fold increase: 57/1,502 (3.8%). Of the 57 SDF HA, 45 patients
had confirmed DF (31NS1+,14 IgM+); the patient median age was 58y,
the median length of stay (LS) was 4 days; 7 patients were admitted to
the intensive care unit (median LS=4 days) and there were no deaths .The
main causes for HA were low platelet count, hypotension, abdominal pain
and spontaneous bleeding. A convenience sample was used to find out
the circulating serotype by RT-gPCR; DENV-2 was detected in every sample.
If this high proportion of HA for SDF continues in the next years, we will
be facing difficult times ahead for available hospital beds if more patients
are affected. To avoid this catastrophic event, control measures, aiming at
reduction of vector population, should start before the next DF season.

DENGUE VACCINE INTRODUCTION ACCEPTABILITY AND
FEASIBILITY IN BARRANQUILLA, COLOMBIA AND MERIDA,
VENEZUELA
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Dengue fever is a major public health concern throughout much of the
world. With one vaccine on the market and others in clinical trials, policy
makers in endemic regions are faced with the decision of whether to
introduce a dengue vaccine in their countries. The WHO recommends that
before considering the introduction of a new vaccine, countries conduct
individualized assessments that evaluate the disease in question and the

61

strength of that country’s current vaccination program. This study seeks to
aid in that decision-making in the Americas by examining the acceptability
and feasibility of dengue vaccine introduction in Colombia and Venezuela.
The chosen study sites were Barranquilla, Colombia and Merida,
Venezuela. Surveys were administered between February and June of 2018
for three target groups - patients (n=351), health professionals (n=197)
and government officials (n=26). In Barranquilla, most respondents
reported dengue to be a moderate-severe problem and that a dengue
vaccine would be useful in their communities. In regards to subjective
feasibility, most reported faith that their current vaccination programs can
handle the addition of a new vaccine. In Venezuela, respondents were less
likely to view dengue as a major concern and listed multiple barriers to
not just dengue vaccine introduction, but to providing current vaccines as
well. Further work is needed in Colombia to more objectively assess the
country’s readiness as a whole for a future dengue vaccine. As Venezuela
continues to struggle with on-going political and social unrest, however,
future studies and programs should focus on trust and capacity building.

DENGUE FOR FORECASTING: VIETNAM AS A CASE STUDY

Giang D. H. Dang’, Thai Q. Pham?, Thanh Ngo-Duc?, Son Tong-
Si3, Tuong-Thuy Vu4, Guy E. Thwaites', Marc Choisy®, Hannah E.
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Dengue is a major disease in Vietnam. It is known that dengue has

been persisting in the South and expanding to the North of the country
since the 90s. Vietnam is an exciting study site as there is great variation
geographically in meteorological variables that contribute to the difference
in dengue incidence in each region. Dengue has multi-annual cycle in
Vietnam. Therefore, one key question that the authorities ask us is how
likely is it that a major epidemic will happen next year? The arrival of a
trustworthy dengue forecasting system is of high demand in order to plan
for hospital resources as well as for disease control. In this work, we study
how changes in several climatic factors such as temperature, humidity and
precipitation affect the dengue dynamics. In order to predict dengue cases
across all provinces in Vietnam, we employ data over the period of 1994-
2017 to train, test and validate prediction models using various techniques
from simple regression to recent trend machine learning such as Gaussian
Process. In addition, Vietnam has a rapidly-growing economy, and the
land-use has been significantly altered over the last twenty years. We will
explore the use of information from satellite images to investigate whether
urbanisation has led to the recent rise of dengue cases, focusing first on
the two major cities Hanoi and Ho Chi Minh city.

LABORATORY-ACQUIRED DENGUE IN A RESEARCHER
WORKING WITH HIGH-TITER VIRUS, USA, 2018
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Freddy Medina', Carolyn Herzig?, Mary B. Koza*, Jorge L. Munoz-
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Dengue is a common tropical illness caused by infection with any of four
dengue viruses (DENV-1-4). Although the overwhelming majority of DENV
infections result from the bite of an infected mosquito, other routes of
transmission have been reported, including exposure while working with
infectious DENV in the laboratory. In August 2018, the North Carolina
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Department of Health and Human Services was notified of a dengue case
in a laboratory researcher who had presented for care with a two-day
history of fever, rash, body and eye pain, and lethargy. The patient tested
positive for DENV infection by detection of NS1 antigen and anti-DENV
IgM antibody, and also had a four-fold increase in anti-DENV IgG and
neutralizing antibody titer. The case-patient was not hospitalized and
recovered after a six-day illness. Interview of the case-patient confirmed
absence of recent travel to an area with risk of DENV transmission.
However, the case-patient did report having worked with large-scale
preparation (~4 liters of supernatant from infected cells) and concentration
(final viral titer of up to 10'° plaque-forming units per mL) of DENV-

4 under biosafety level 2 conditions in the two weeks prior to illness
onset. The case-patient reported that small splashes inside the biosafety
cabinet were common while performing the virus purification protocol,
and that gloves were only occasionally decontaminated while working in
the biosafety cabinet and routinely changed when exiting the biosafety
cabinet. Review of the case-patient’s laboratory safety practices suggested
improper technique for doffing of gloves. This in combination with a
small open wound on the patient’s finger may have resulted in cutaneous
exposure. Nonetheless, we could not rule out other routes of exposure

in the laboratory. This case demonstrates the importance of conducting
ongoing risk assessments, which may warrant enhanced biosafety
precautions while working with high-titer DENV. Current laboratory safety
guidelines encourage use of enhanced personal protective equipment such
as double gloving, especially if working with an open wound on the hand
or finger.

AVIDITY AS ASSESSMENT OF ANTI-DENGUE VIRUS
ANTIBODY RESPONSE ELICITED BY A LIVE ATTENUATED
TETRAVALENT DENGUE VACCINE

Isamu Tsuji, David Dominguez, Christina DeMaso, Allan Parker,
Sunil Palani, Nicole Messere, Melissa Zahralban-Steele, Sharma
Mayuri, Ralph Braun, Hansi Dean, DEN 203 and 204 study groups
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The quantitative immune parameters commonly employed for functional
measurement of immune responses to viral vaccines include antiviral
antibodies and viral neutralization titers in post-vaccination serum.
However, serum antibody avidity can be an important qualitative measure
of the humoral response, and mechanism of protection. Takeda’s live
attenuated tetravalent dengue vaccine candidate (TAK-003) has structural
proteins from each serotype on the dengue virus type 2 (DENV-2) genomic
backbone. Here, we describe the development of an assay we used to
measure the avidity of humoral responses to DENV-1, -2, -3 and -4 in eight
dengue-naive subjects, pre- (day 0), and up to one-year (day 360) post-
vaccination with TAK-003. Microneutralization titers (MNT) were highest
on day 28 post-vaccination and had declined by day 360. The strength of
antibody binding increased post-vaccination: k . the antibody dissociation
rate, decreased over time. Therefore, the Avidity Index of the antibody
response to all four serotypes increased at day 28 post-vaccination and
was maintained until day 360, reflecting affinity maturation of the DENV-
specific antibody responses. These data suggest that antibodies elicited

by TAK-003 undergo affinity maturation and show a sustained increase

in avidity for at least one-year post-vaccination. \We are now working on
combining measures of antibody avidity with anti-DENV antibody response
and serotype-specific neutralization titers, to systematically characterize
antibody responses to TAK-003 over time.

ESTIMATING FORCE OF INFECTION (FOI) OF ALL FOUR
DENGUE SEROTYPES FROM SEROLOGICAL STUDIES IN TWO
REGIONS OF VIETNAM
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de Bruin?, Marion Koopmans?, Maciej F. Boni?, Nguyen Thi Le
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Vietnam is endemic for dengue fever and it is a major public health
concern. Studying the epidemiology of the disease bring about the benefit
of improving quality of intervention and control. However, it is hard to
estimate the true rate of dengue infection due to its high asymptomatic
rate. All four serotypes of dengue (DENV 1-4) co-circulate year round in
Vietnam and immune interactions between serotypes leads to complex
transmission dynamics. Therefore, knowing about circulating serotypes
plays a key role in understanding disease patterns and for carrying

out effective vaccination campaigns. However, the Enzyme-linked
immunoassay (ELISA) test, the most common use in cross-sectional sero-
studies, cannot discriminate between DENV serotypes or infer how many
times people have been infected. In this study, 958 population serum
samples, 432 from Khanh Hoa (KH, central) and 526 from Ho Chi Minh
(HCM, southern), in age groups 1-30 years old collected from 2013 to
2017 were tested using a flavivirus protein microarray assay. By applying

a previously developed mathematical model to the antibody profiles
generated from the assay, we are able to determine the proportions in the
population that have been infected 0, 1 or more than 1 time, and infer
the infecting serotypes in those infected once. With this data we are then
able to use mathematical models to estimate time-varying and serotype-
specific Fols for all four DENV serotypes over the past 30 years to 2017 in
KH and HCM Vietnam. We found that the annual Fol of DENV-1 had the
most variation in both KH and HC and the Fol of all four serotypes was
higher in KH than in HC. In the future, we try to understand whether the
dominance of a serotype is a driver for an outbreak. Also, we will compare
estimated Fols to the cases from these regions over time to determine
whether high Fol always means high case numbers, or if there are periods
of “silent” transmission.

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

Edgar Davidson, Tabb Sullivan, Jen M. Pfaff, Srikar Reddy,
Benjamin J. Doranz

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

To characterize the immune response to dengue virus (DENV) infection,
we have epitope mapped over 200 anti-DENV monoclonal antibodies
(MADbs), using high-throughput, rapid screens of MAb binding to DENV
prMI/E comprehensive mutation libraries for all four DENV serotypes, 3,380
mutations in total. Each library of individual mutant expression plasmids
was transfected into human cells to achieve native protein expression and
folding, and immunoreactivity of MAbs to each individual prM/E variant
was quantified by high-throughput flow cytometry. The epitopes obtained
were both conformational (including quaternary) and non-conformational,
were spread across prM and E domains I-lll, and many have been
correlated with their abilities to protect against DENV infection. A number
of anti-DENV MADbs cross-reacted with ZIKV prM/E, predominantly within
the fusion loop but also within Domain Il of the E protein, identifying
critical immunogenic residues shared by DENV and ZIKV. We have also
produced DENV virions from all four DENV mutation libraries using a
previously developed DENV reporter virus particle (RVP) system, allowing
us to screen each individual DENV Env variant protein for DENV particle
budding and infectivity. For DENV3, we identified residues whose mutation
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eliminated virus infectivity but did not impact E protein expression,
antigenicity, virion assembly, or particle budding. We identified variants
that showed increased DENV virion budding, up to 5-fold above wild-
type, indicating the ability to engineer highly expressed, non-infectious
DENV variants for use in vaccine design. To identify uncharacterized
DENV cellular receptors we assayed wild-type DENV RVP infectivity in
non-permissive cells expressing our membrane proteome array (MPA) of
5,300 unique human membrane proteins. This has identified candidate
membrane proteins that enable DENV infectivity. We have identified
neutralizing epitopes in DENV prM/E and specific sites that are critical
for DENV infectivity, providing new targets and opportunities for vaccine
development.

INTERCURRENT FLAVIVIRAL VIREMIA IN ILL RETURNED
TRAVELERS WITH PLASMODIUM VIVAX MALARIA

Katherine Faith Tan', Ruwandi Kariyawasam?, Rachel Lau?, Filip
Ralevski?, Andrea K. Boggild'

'Tropical Disease Unit, Toronto General Hospital and University of Toronto,
Toronto, ON, Canada, *Institute of Medical Sciences, Department of
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Similar epidemiology and clinical presentations of arboviral infections

and malaria coupled with the typically sequential approach to diagnostic
testing, where malaria is confirmed or excluded urgently in febrile returned
travelers, may mask the true epidemiology of co-infections. Flaviviruses are
known to trigger relapsing forms of malaria, including Plasmodium vivax,
long after primary malaria infection, and this may delay the diagnosis

of malaria. We aim to understand the incidence of intercurrent flaviviral
infection in confirmed Plasmodium vivax infection. DNA and RNA from
biobanked isolates of P vivax detected in whole blood at the Public Health
Ontario Laboratory between 2006 and 2018 were extracted and screened
for intercurrent flaviviral infections using previously validated real-time PCR
(gPCR) assays targeting multiple flaviviruses (pan-FLAV) and, specifically,
dengue virus types 1-4 (DEN1, DEN2, DEN3, DEN4). Five hundred and two
unique isolates of P vivax were identified, of which 90 have been tested
to date. Males accounted for 65.6% (n=59/90) of P, vivax cases, while
females accounted for 32.2% (n=29/90), and sex was unassigned in 2.2%
(2/90). Median age of P vivax cases was 33.2 years (range 3.7 years - 85.8
years; IQR 23.4 - 45.9 years). Median parasitemia was 0.2% (range <
0.01% - 1.1%). Fifty-nine (65.6%) P vivax cases had documented travel
history exclusively to South Asia, with India as the most common source
country (22/90 [16.7%]). Pan-FLAV assay yielded a 1.1% (1/90) positivity
rate. Pan-DEN assay will be performed next. Intercurrent flaviviral viremia
was noted in at least 1.1%, which may suggest that primary flaviviral
infection triggered a relapse of P vivax. Alternatively, such co-occurrence
may suggest primary infection with both organisms known to cause fever
in returning travelers. Consideration of flaviviral co-infection should be
given to the P vivax patient with deep thrombocytopenia, lymphopenia,
and high-yield arboviral symptomatology such as rash and retro-orbital
headache.

DETECTION AND SEQUENCING OF ZIKA VIRUS IN
NORMOCEPHALIC NEWBORNS WITH CONGENITAL ZIKA IN
FECTION

Breno L. de Almeida’, Marta Giovanetti', Jodo V. Oliveira’, Tereza
C. Xavier?, Eduardo M. Figueiredo?, Jaqueline J. Goes', Luiz C.
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In 2015, Brazil has experienced an unprecedented Zika virus (ZIKV)
outbreak and later that year, an unexpected outbreak of newborns with
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microcephaly occurred in major cities in northeastern Brazil, associated
with Congenital Zika Infection (CZI). Most descriptions and publications
regarding CZI focus on the clinical presentation of newborns and infants
with microcephaly. Scarce information is available concerning CZI without
microcephaly. During hospital surveillance for CZI in a reference maternity
hospital, we identified 14 normocephalic newborns with confirmed CZI.
Eight (57%) of the newborns were female and the mean gestational age
at birth was 38.46 + 1.90 weeks. The mean of head circumference was
38.57 + 1.40cm. The transfontanel ultrasonography was performed in

13 (92.9%), and no alterations were observed in any of the cases. All
newborns had a positive RT-PCR confirming the diagnosis of CZI, mostly
in urine samples (57%). In two of the cases, ZIKV were detected in 2
distinct samples. ZIKV-specific RT-PCR amplification products have been
obtained and NS5 gene fragments (426-bp) were obtained using Sanger
sequencing. The phylogenetic analysis showed that the isolate belongs

to the Asian genotype and clusters closely with strong bootstrap support
(>90%) with sequences isolated in Northeast and Northern regions of
Brazil. With this, we infer that CZI could present in a broad spectrum of
clinical manifestation, including the asymptomatic presentation at birth. It
is necessary careful surveillance to identify cases with few or no symptoms
at birth and a close follow-up for early detection of clinical manifestations
of CZI and timely intervention.

ZIKA VIRUS DETECTION IN PREVIOUSLY UNDIAGNOSABLE
SAMPLES: OPTIMIZATION OF A QUANTITATIVE RT-PCR
ASSAY FOR SAMPLES OF LOW VIRAL CONCENTRATION

Alejandra Garcia Glaessner’, Patricia Barreraz, Amy C.
Morrison?, Thomas W. Scott*, Mariana Leguia’
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Nematology, University of California, Davis, CA, United States

The Zika virus (ZIKV) outbreak of 2015 affected many countries in

Latin America and highlighted a pressing need for sensitive molecular
diagnostics to detect the presence of ZIKV in various sample types. At the
time, only two RT-qPCR assays, developed by Faye et al. and Lanciotti et
al., were available to diagnose human ZIKV infections. These assays used
primer sets that target separate regions of the ZIKV genome with enough
specificity to serve as diagnostic tools that could differentiate ZIKV from
other related arboviruses, such as dengue and yellow fever. However,
their sensitivity was low, resulting in false-negative diagnosis of many
ZIKV cases, particularly when ZIKV was present at low levels (CT values
around 30 or higher). We developed an improved RT-gPCR protocol that
uses optimized primer sets and cycling conditions to detect the presence
of ZIKV at levels previously considered undiagnosable (CT values up to
38). The parameters optimized include primer length, GC content and
annealing temperature. We also created a positive control plasmid that
includes both the NS5 and envelope regions of the genome, allowing for
side-by-side comparisons of the amplification efficiency of old and new
assays. Using this control plasmid, we estimated the limit of detection of
our new assay at 31 copies of the viral genome. We used our assay to test
a number of samples suspected of being false-negatives and found that
about 10% of those re-tested were positive for ZIKV. Our results indicate
that the improved ZIKV assay can help address the issue of false-negatives
during ZIKV diagnosis and will be a useful tool for those interested in a
fast, rapid, and sensitive diagnostic for ZIKV, particularly in samples of low
viral concentration encountered during clinical evaluation or research.
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SEROPREVALENCEOF ZIKA VIRUS (ZIKV) IN CEBU PROVINCE,
PHILIPPINES
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Zika virus (ZIKV) is an emerging mosquito-borne Flavivirus notable for
severe teratogenic properties and Guillain-Barré syndrome seen during
the 2015 epidemic in Latin America. While ZIKV infection is documented
in different regions of Asia, the virus was not linked to large epidemics or
severe clinical symptoms. Moreover, the incidence, prevalence and ecology
of ZIKV in Asia is poorly understood. For monitoring ZIKV transmission

at a regional/population level, serology is more useful than methods for
detecting the transient viremia caused by ZIKV as ZIKV infection often
presents with no overt clinical symptoms. ZIKV and dengue virus (DENV)
co-circulate in the same populations. As DENV and ZIKV are closely related
and share conserved epitopes, antibodies induced by DENV infections are
cross-reactive with ZIKV antigens commonly used in diagnostic assays.
Using recombinantly produced domain IIl of the ZIKV envelope protein
(EDIIN), we have developed an assay for specific detection of antibodies
induced by ZIKV infection. In this study, we use the ZIKV-EDIII ELISA to
determine the seroprevalence of ZIKV in children aged 9-14 in the Cebu
province of the Philippines. In a sample of 64 children, 12 (18%) tested
positive for ZIKV EDIII antibodies. By performing antibody depletions and
neutralization assays with DENV1-4 and ZIKV, we have confirmed that
11/12 children testing positive in the ZIKV-EDIII assay have ZIKV type-
specific neutralizing antibodies. We tested a cohort of 3,000 children with
our ZIKV-EDIII assay and defined ZIKV seroprevalence of ZIKV type-specific
antibodies.

PREGNANCY AND BIRTH OUTCOMES AMONG
COLOMBIAN WOMEN WITH ZIKA VIRUS DISEASE IN
THREE SURVEILLANCE SITES, PROYECTO VIGILANCIA DE
EMBARAZADAS CON ZIKA

Van Tong', Marcela Mercado?, Suzanne Gilboa', Diana Valencia',
Marcela Daza?, Romeo Galang', Christina Winfield’, Shana
Godfred-Cato’, Monica Benavides?, Julie Villanueva', Jonathan
Daniels', Julu Bhatnaga', Jarad Schiffer’, Sheryll Corchuelo?, Sarah
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Proyecto Vigilancia de Embarazadas con Zika (VEZ) was an intensified
surveillance system built upon existing national surveillance of pregnant
women with symptoms of Zika virus (ZIKV) disease and conducted in
three Colombian cities with high prevalence of Zika. This analysis of

data from VEZ estimates the risk of Zika-associated birth defects among
pregnant women with symptoms of ZIKV disease, and among a subset
with laboratory evidence of possible ZIKV infection during pregnancy.
During April-November 2016, pregnant women were enrolled if they
were reported to the surveillance system (Sivigila) or visited participating
clinics with symptoms of ZIKV disease. Maternal and pediatric data were
abstracted from prenatal care, ultrasound, and delivery records, as well
as from pediatric or specialist visit records. Available maternal and infant
specimens were tested for the presence of ZIKV RNA and/or anti-ZIKV
immunoglobulin (IgM) antibodies. Of 1,223 women enrolled, 47.8% and
34.3% reported first or second trimester symptom onset, respectively. Of

381 pregnancies with maternal and/or infant specimens tested, 108 (29%)
had laboratory evidence of possible ZIKV infection during pregnancy;

half of these (53.3%) were positive for ZIKV RNA only, 37.4% for IgM
antibodies only, and 9.3% for both. Of 1,190 of pregnancies with known
outcome, 63 (5%) had Zika-associated brain or eye defects; among the
subset with any laboratory evidence, 12 (11%) had Zika-associated brain
or eye defects. The prevalence of Zika-associated brain or eye defects was
5.9% (35/593) and 4.5% (19/423) among pregnancies with symptom
onset in the first and second trimester, respectively. Among pregnant
women with symptoms of ZIKV disease enrolled during the height of the
ZIKV epidemic in Colombia, prevalence of any Zika-associated brain or eye
defect was 5%, with a higher prevalence among those with laboratory
evidence of possible ZIKV infection. Rapid enhancements to Colombia’s
national surveillance enabled the estimation of the risk of birth defects
associated with ZIKV disease in pregnancy.

PEDIATRIC ZIKA VARIES BY AGE AND IS OFTEN MISSED
UNDER CURRENT CASE DEFINITIONS

Fausto A. Bustos Carrillo', Raquel Burger-Calderon’, Lionel
Gresh?, Sergio Ojeda?, Nery Sanchez?, Miguel Plazaola?, Leah
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Pediatric Zika is an understudied aspect of the 2015-2016 Zika pandemic.
The diagnostic performance of the World Health Organization (WHO) and
Pan American Health Organization (PAHO) Zika case definitions have not
been assessed in children. We prospectively followed a cohort of ~3,700
children aged 2-14 years old in Managua, Nicaragua, from January 2016
to February 2017. We tested participants with a broad set of clinical
profiles using rRT-PCR and a machine learning algorithm based on 5
serological assays and analyzed acute clinical findings (signs, symptoms,
and complete blood counts). We used generalized additive models to
assess non-linear age trends in the prevalence of clinical findings and the
sensitivity of the WHO and PAHO case definitions. Overall, 556 Zika and
548 non-Zika cases were analyzed. Rash and leukopenia were significantly
more prevalent among Zika cases, whereas fever and monocytosis were
more common among non-Zika cases. Among Zika cases, rash, fever,
leukopenia, and headache were the most common clinical findings,
which tended to peak within 3 days of illness onset. The most common
presentation over the first week of iliness included only two clinical
findings, rash (79.1%) and leukopenia (48.0%). Only 31.7% and 19.6%
of lab-confirmed Zika cases were captured by the WHO and PAHO case
definitions, respectively. These sensitivity values increased with age, as
the prevalence of most clinical findings (chiefly arthralgia) increased with
age. Standard case definitions tended to capture cases that presented
with a dengue-like clinical profile; the remaining two-thirds, characterized
principally by undifferentiated fever or afebrile rash, were missed. Our
results suggest that most pediatric Zika cases are undetected under the
current case definitions and that Zika-related epidemiological findings, R,
values for Zika, and transmission models may have been systematically
biased in an age-dependent manner. Overall, our results and the literature
suggest that Zika manifests more mildly in children than adults, presenting
major challenges to diagnosis, surveillance, and efforts to control future
Zika epidemics.
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CLINICAL AND EPIDEMIOLOGICAL FEATURES OF THE ZIKA
OUTBREAK IN NICARAGUA

Natalie M. Bowman', Filemon Bucardo?, Matthew H. Collins?,
Yaoska Reyes?, Edwing Centeno?, Quique P. Guerra', Rebecca J.
Rubinstein’, Guei-Jiun Alice Liou', Aravinda de Silva’, Becker-Dreps
Sylvia

'University of North Carolina-Chapel Hill, Chapel Hill, NC, United States,
2Universidad Nacional Autonoma de Nicaragua-Leon, Leon, Nicaragua,
3Emory University, Atlanta, GA, United States

We conducted an observational study in Ledn, Nicaragua between January
2016 and February 2018. Patients seeking care at the public hospital

and health centers for reported fever, rash, and/or non-suppurative
conjunctivitis of <7 day’s duration were offered study participation. At
enrollment, blood, saliva, and urine were collected and surveys recorded
demographic information, clinical symptoms, and potential risk factors for
ZIKV infection. All subjects were asked to provide a convalescent serum
sample 2-4 weeks later. All PCR-positive samples at baseline were repeated
in triplicate; if all three replicates were positive (Ct<38), the sample was
considered a true positive and these subjects were considered acute ZIKV
cases. Because of the short window of viral shedding in many ZIKV cases,
we also considered those with negative PCR but serology (combined acute
and convalescent dengue and Zika IgG and IgM) consistent with acute

or recent ZIKV infection to be cases. 297 subjects were recruited, but 5
subjects could not be categorized due to missing or ambiguous serological
and PCR test results and were excluded from further analyses. Mean age
was 27.6 years (range 1-81, SD 17.3), and 187 (64%) were female. 55
subjects (19%) had acute ZIKV infection by PCR and/or serology, with the
last case in June 2017. There was no difference in odds of ZIKV infection
by age or sex. Pregnant women had higher odds of ZIKV infection than
non-pregnant women of childbearing age (OR 10.66; 95%Cl 2.19,
66.81). Conjunctivitis (OR 3.52; 95%Cl 1.75, 7.39), rash (OR 8.39; 95%Cl
3.18, 27.79), and sore throat were associated with increased odds of

ZIKV infection while reported fever was associated with lower odds (OR
0.20; 95%CI 0.08, 0.53). ZIKV-infected subjects had significantly lower
white blood cell, absolute neutrophil, and platelet counts. Multivariable
modeling demonstrated that the clinical features rash, conjunctivitis, sore
throat, and lack of fever were associated with increased odds of acute
ZIKV infection in this cohort. These findings may help clinicians distinguish
ZIKV from other acute febrile illnesses even where laboratory testing is not
readily available.

DOSE SELECTION OF A PURIFIED IN ACTIVATED ZIKA
VIRUS VACCINE (PIZV) CANDIDATE FOR FURTHER CLINICAL
DEVELOPMENT

Htay Htay Han', the ZKV-101 Study Group?
Takeda Vaccines Inc., Cambridge, MA, United States

We evaluated immune responses to a two-dose purified inactivated

Zika virus vaccine (PIZV) candidate administered at three dosage levels

(2, 5 0r 10 ug) in a two-stage phase 1 study, first in flavivirus (FV)-naive
and second in FV-primed healthy adults. We enrolled 271 FV-naive and
-primed adults, aged 18-49 years, randomized into four groups (1:1:1:1)
to receive two doses of either placebo or one of the three PIZV dose levels
with 28 days intervals. Volunteers recorded solicited adverse events (AEs)
for 7 days and unsolicited AEs for 28 days after each dose, and serious
adverse events (SAEs) throughout the study period. Neutralizing antibody
titers were measured before vaccination and 28 days after each dose
using a plague reduction neutralization test (PRNT) and an exploratory
reporter virus particle (RVP) assay. We report the results from an interim
analysis of safety and immunogenicity data leading to the decision of dose
selection. This was based on the safety data of both FV-naive and primed
participants and the magnitude of the immune response in FV-naive
subjects, as measured by the pairwise ratios of geometric mean titer (GMT)
of Zika virus neutralizing anti-antibodies and differences in seroconversion
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rates between the dosing groups. The safety data set included 271 FV-
naive and -primed participants, the per-protocol set for immunogenicity
included 113 FV-naive participants. Overall demographic characteristics
were similar across the four study arms. The duration of safety follow-up
at the time of interim analysis was until at least 28 days post-dose 2 for
FV-naive subjects and until at least 28 days post-dose 1 for FV-primed
subjects. The PIZV vaccine was well tolerated with an acceptable safety
profile at all dosages. The dose response effect was observed in FV-naive
subjects with increasingly higher GMTs with higher PIZV dosages. A
pairwise comparison of GMTs (PRNT) confirmed the significance of the
dose-ranging effect: i.e., the 10 pg group was significantly greater than in
the 2 ug (p<0.001) and the 5 ug (p<0.05) groups. The RVP results showed
a similar dose-ranging effect. The 10 pg PIZV candidate was selected for
further development.

TGF-B AND TNF-A CYTOKINE GENE POLYMORPHISMS
MAY INFLUENCE PREGNANCY OUTCOMES OF ZIKA VIRUS
INFECTED WOMEN

Benedito A. Fonseca, Mayara R. Agostinho, Danillo L. Esposito,
Vitor G. Floriano, Marcio J. Siconelli

School of Medicine of Ribeirdo Preto, Ribeirdo Preto, S.P, Brazil

Zika virus (ZIKV) infection and its association with Congenital Zika
Syndrome (CZS) have recently become a great concern worldwide

and several studies are investigating the mechanisms involved on the
pathogenesis of fetal disease. During virus infection many cytokines are
produced to induce a protective immunity, but some gene polymorphisms
could interfere with cytokine expression, compromising the quality of

the immune response. Cytokine gene polymorphisms were investigated
on ZIKV-infected pregnant women (n=26) and correlated with their
pregnancy outcome. TNF-q, IL-6, IFN-y and TGF-f3 gene polymorphisms
were evaluated in 12 pregnant women who had miscarriages or newborn
malformations (study group) and in 14 who had healthy newborns
(control group). Differences in TGF-B (p=0.013) and IFN-y (p=0.01617)
polymorphisms frequencies were statistically significant between the two
groups. TGF-B polymorphisms (fow 10C/C 25G/C; intermediate 10T/C
25G/C; intermediate 10C/C 25G/G; high 10T/C 25G/G) in the control
group were 64.3%, 14.3% 14,3% and 7.1%, respectively, while (high
10T/C 25G/G; low 10C/C 25G/C) in the study group were 83.3% and
16.7%, respectively. IFN-y polymorphisms (high +874 T/T; intermediate
+874 T/A; low +874 A/A) in the control group were 50%, 14.3% and
35.7%, respectively, while in the study group (low +874 A/A; intermediate
+874 T/A) were 66.7% and 33.3%, respectively. TGF-B inhibits the
proliferation of endothelial, epithelial and hematopoietic cells, regulates
the mesenchymal, epithelial, neuronal, immune cell differentiation

and modulates their apoptotic response. IFN-y is primarily involved in
immune regulation and proinflammatory responses. Our data suggest
that the increased frequency of fow +874 A/A IFN-y polymorphism and
lower frequency of high 10 T/C 25 G/G TGF-B polymorphism could act
synergistically in the causation of CZS following ZIKV infection as the IFN-y
polymorphism would downregulate the immune response against ZIKV
and the increased inhibitory cell proliferation by the TGF-B polymorphism
would interfere with fetal development, leading to miscarriages and fetal
malformations.
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CHARACTERIZATION OF A POTENTIAL CORRELATE
OF PROTECTION PROVIDED BY TAKEDA'S PURIFIED
INACTIVATED ZIKA VACCINE IN INDIAN RHESUS MACAQUES

Ginger Young', Stephanie Sonnberg’, Hui-Ling Chen', Srisowmya
Sanisetty’, Melissa Zahralban-Steele, Tim Powell', Joseph Lee’,
Michael Johnson', Greg Hather?, Lovkesh Karwal', Kelly Bohning’,
Lydia Andserson', Hetal Patel’, Hansi Dean'

"Takeda Vaccines, Inc., Cambridge, MA, United States, *Takeda
Pharmaceuticals, Inc., Cambridge, MA, United States

A substantial unmet medical need exists for a Zika vaccine which will

help mitigate the effects of any future Zika epidemics. In this study we
evaluated neutralizing antibody responses to Takeda’s purified inactivated
Zika vaccine (PIZV) and the efficacy against challenge with the Puerto

Rico Zika virus (ZIKV) strain PRVABC59 in naive Indian rhesus macaques.
Macaques received one of five dose levels (0.08, 0.016, 0.4, 2.0, and 10
ug) of PIZV administered intramuscularly 28 days apart. Six weeks after
the second immunization (Day 71), macaques were challenged with 1x10*
focus forming units of ZIKV PRVABC59 administered subcutaneously. Sera
were collected prior to and after ZIKV challenge and assessed by a Zika
reporter virus particle (RVP) assay for neutralizing antibody titers. Zika viral
RNA (VRNA) load in the serum was measured using a quantitative real-time
PCR assay. PIZV induced a dose-dependent immune response that was
boosted by a second immunization. Importantly, after two immunizations
at dose levels above 0.4 pg, the neutralizing antibody responses were
similar in magnitude to the immune responses following ZIKV infection
observed in the control group. Zika VRNA was detected in the serum of the
control group for 5 consecutive days post-challenge. Complete protection
of macaques, defined as the absence of quantified Zika vRNA in serum
post-challenge, was achieved with doses of 0.4 pg, 2 ug and 10 pg.

Only partial protection was achieved with the lower PIZV doses. Based on
these data, a neutralizing antibody response above 3.67 Log, EC50 was
determined as the preliminary correlate of protection. In summary, Takeda’s
PIZV elicited a dose-dependent neutralizing antibody immune response,
which correlated with lack of quantified Zika VRNA after ZIKV challenge.

RESEARCH OF ANTI-VIRUS ANTIBODIES OF MEASLES,
RUBELLA, MUMPS AND TOXOPLASMA GONDII IN SALIVA OF
SCHOOLS AND COLLEGES OF THE CITY OF SAO PAULO

Barbara F. Sampaio
Institute of Tropical Medicine Sao Paulo, Sao Paulo, Brazil

Vaccines is a well-established public health intervention, with a major
impact on the decline in the prevalence of infectious diseases, but
outbreaks are occurring frequently due to primary and secondary.
Serological control of the vaccination status population is essential but is
based on invasive blood sampling, problematic for children and teenagers.
Saliva can be as acceptable alternative IgG for children and other protected
groups. We detect the prevalence of specific IgG response for measles,
mumps, rubella and T. gondiii in saliva samples, for evaluate vaccine
efficiency and toxoplasmosis. For sampling, we collect 249 saliva samples
from 7 to 13 years old students from Sao Paulo, Brazil. We developed and
validated an IgG capture assay, with revealing of IgG specificity by the use
of biotinylated recombinant measles, rubella, mumps and T.gondii. The
assays had reproducibility greater than 98% and sensitivity and specificity>
95%, using sera. Saliva and sera of 47 university students were tested

for paired comparison, without discordance. We detected in the saliva
from elementary students, a prevalence of 8.5% for anti T.gondii IgG of,
anti-measles IgG of 96.8%, anti-rubella IgG of 59.1% and anti-mumps
IgG of 57.5%. The prevalence of antibodies against mumps and rubella
was lower than measles, as described in other reports, but this approach
shows the feasibility of saliva for sustained follow-up of vaccine immune
status in teenagers for devising more adequate re-immunization protocols.
Our approach was efficient in all aspects, from the hygiene exhibition

for sampling, the use of saliva and the development of reliable tests for

the determination of the IgG protection in students and the prevention

of toxoplasmosis, in declining incidence. This approach allows cheaper
follow-up for IgG detection of several diseases, including vaccine control.
Appropriate public health measures, such as revaccination, can be properly
planned and developed for avoiding outbreaks and upsurge of controlled
infectious diseases.

ZIKA VIRUS COMPLICATIONS BEYOND CONGENITAL ZIKA
SYNDROME: A SYSTEMATIC REVIEW

Leyla A. Hernandez-Donoso', Estelle Meroc?, Laurence De
Moerlooze'

'Takeda Pharmaceuticals, Zurich, Switzerland, 2P°> Pharmacovigilance and
Epidemiology, Leuven, Belgium

Zika virus (ZIKV) was considered a mild disease for decades until the
outbreaks in French Polynesia and the Americas showed a link with severe
complications: Congenital Zika Syndrome and Guillain-Barre Syndrome.
We conducted a systematic review of the literature to quantify and
characterize the scope of complications associated with the disease,
independently of transmission mode and geography. We searched for
articles published in English, Spanish, French, Dutch and Portuguese until
July 2018 primarily in MEDLINE, EMBASE, LILACS, BIOSIS and SCIELO;
complemented with manual searching from: WHO/PAHO, reports from
Ministers of Health, Zika research associations and grey literature from
academic theses and congress abstracts. Three researchers independently
screened publications by title and abstract, only those relevant to the
research questions were eligible for full text review. The quality of
primary studies was assessed using Newcastle-Ottawa Scale (NOS) and
NIH tools. We included a third reviewer to control for selection bias. The
review followed PRISMA and is registered in PROSPERO. We identified
1535 articles and selected 396 for full-text review. 64 were included in
the main analysis: 20 surveillance reports, 14 case-control, 24 cohort,

3 cross-sectional and 3 systematic reviews. Case reports and case series
were described in a separate analysis. Beyond pregnancy outcomes

and neurological disorders, other rare complications like cardiovascular,
rheumatic, ophthalmic and cognitive were described. We quantified each
outcome and summarized by type of study, geographical and temporal
distribution, Zika confirmation, possible confounders and quality scores.
This systematic review of ZIKV associated complications reveals new
features of the disease that can be important to identify before a new
outbreak occurs.

PROSPECTIVE STUDY OF HEPATITIS E VIRUS INFECTION
AMONG PREGNANT WOMEN IN NIGERIA

Adeola Fowotade
University of Ibadan, Ibadan, Nigeria

Hepatitis E virus (HEV) is an emerging infectious agent causing acute viral
hepatitis worldwide. HEV infection has a poor prognosis among pregnant
women from high endemic countries. HEV infection during third trimester
and especially with genotype 1 is associated with fulminant hepatitis.
Varied HEV-prevalence and incidence among pregnant women has been
reported in low-income settings. This prospective study was conducted

to assess HEV infection among pregnant women attending antenatal
care at the University College Hospital, Ibadan, Nigeria. Serum samples of
230 pregnant women were screened for the presence anti-HEV IgG and
anti-HEV IgM using commercially available ELISA kits (DIA.PRO, Milan,
[taly). All anti-HEV IgM positive samples were tested for HEV RNA using
two independent reverse transcriptase polymerase chain reactions (RT-
PCR) assays, targeting ORF2 and ORF3 of HEV genome. In addition, the
PCR-positive samples were subjected to DNA sequencing to determine
the prevalent HEV genotype. Socio-demographic variables and risk
factors associated with HEV in these women, were analyzed using logistic
regression to estimate statistical significance (p<0.05) and odd ratio. Of
the 230 asymptomatic pregnant women, with a mean age of 32.1+ 4.8
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years, 11(4.8%) women had anti-HEV IgM, while 39(17.0%) women had
anti-HEV IgG. All anti-HEV IgG positive samples were found to be negative
for HEV RNA while 3 (1.3%) of the anti-HEV IgM positive samples were
positive for HEV RNA. Sequencing data of all (100%) the HEV RNA positive
samples identified genotype 1 HEV. HEV infection among pregnant
women was statistically associated with age (p=0.044), educational status
(p=0.005) and eating of food purchased from vendors (p=0.025). The HEV
IgM and RNA prevalence rate in this pregnant population is on the lower
part of the scale, compared with other Sub-Saharan African countries.
However, the HEV IgG data provide indirect evidence of past contact with
this virus and our findings also confirm the HEV genotype 1 as the most
prevalent in West African sub region.

HEPATITIS E VIRUS INFECTIONS AMONG PATIENTS WITH
ACUTE FEBRILE JAUNDICE IN BURKINA FASO, 2013-2016

Sylvie Zida', Chloé Di Méglio?, Dramane Kania?, Judith Mbombi
Mantono?, Thérése Kagoné?, Souleymane Tassembedo?, Amadou
Dicko?, Bachirou Tinto®, Seydou Yaro?, Hervé Hien3, Jérémi
Rouamba3, Brice Bicaba®, Isaie Medahs, Nicolas Medas, Omar
Traorés, Edouard Tuaillon?, Florence Abravanel?, Jacques Izopet?

'Institut de Recherche en Sciences de la Santé, Ouagadougou, Burkina
Faso, 2CHU Toulouse, Hépital Purpan, Laboratoire de virologie, Centre
national de référence du virus de I’hépatite E, Toulouse, France,

3Centre Muraz, Bobo Dioulasso, Burkina Faso, “Université Catholique
d’Afrique de I'Ouest, Bobo Dioulasso, Burkina Faso, *Ministére de la
Santé, Ouagadougou, Burkina Faso, ®Agence nationale de biosécurité,
Ouagadougou, Burkina Faso, "Pathogenesis and Control of Chronic
Infections. INSERM, University of Montpellier, Etablissement Francais du
Sang, Montpellier, France

Hepatitis E virus (HEV) infection is a significant public health problem

in many parts of the world including Africa. Understanding HEV
epidemiology in Africa will facilitate the implementation of evidence-based
control policies designed to prevent the spread of this infectious agent.

In Burkina Faso (West Africa), little is known about the epidemiology

and the genotype causing hepatitis E. HEV infection symptoms include
jaundice and fever. We have investigated the contribution of HEV to

the cases of acute febrile jaundice reported in the Yellow Fever (YF)
surveillance in Burkina Faso and identified the HEV genotype involved.
We tested serum samples taken between 2013 and 2016 from 900
patients presenting febrile icterus. All samples were tested for anti-HEV
antibodies. Wantai HEV 1gG and IgM EIA kits (Wantai Biologic Pharmacy
Enterprise, Beijing, China) were used as set out in the manufacturer’s
instructions. HEV RNA viral load was detected using the Procleix HEV
RNA assay (Grifols, Barcelona Spain). HEV genotyping was conducted by
sequencing a fragment of the ORF2 genome and by phylogenetic analysis
based on the reference sequences. Demographic factors associated with
exposure to HEV were evaluated using a bivariate analysis. For the 900
patients’ samples tested, 23/900 (2.6%) contained markers of acute HEV
infection (anti-HEV IgM and/or HEV RNA positive). Genotyping indicated
that all the strains were HEV genotype 2b. There was an overall HEV IgG
seroprevalence of 18.2% (164/900). HEV exposure was also higher in
patients living in the arid, mainly Northern area (26.3%) than in the semi-
arid and tropical areas (11.3%); OR = 2.8 (95% Cl: 1.58-4.97, p<0.01).
Age was the only variable linked to a recent HEV infection (OR = 1.02
(95% ClI: 1-1.05), p<0.01). Patients with symptomatic acute hepatitis E
infection were older than the other patients. Acute febrile icterus cases in
Burkina Faso may include HEV genotype 2b (circulating only in humans)
infections. Better access to safe water and sanitation and improved
personal hygiene should improve the control of HEV infection in this
country.

SEROPREVALENCE OF VIRAL INFECTIONS IN BLOOD DONORS
IN YAOUNDE, CAMEROON

Diderot Fopa', Claude Tayou Tagny', Dora Mbanya', Daniel
Candotti2, Camille Doux?, Syria Laperche?, Edward L Murphy?

"Yaounde University Teaching Hospital, Yaoundé, Cameroon, 2National
Institute of Blood Transfusion/INTS, Department of Blood Borne Agents,
National Reference Center for Infectious Risks in Blood Transfusion, Paris,
France, *University of California San Francisco and Vitalant Research
Institute, San Francisco, CA, United States

The high prevalence of transfusion-transmissible infections (TTls) is

the most important challenge of safe blood supply in Cameroon. The
seroprevalence of Hepatitis B virus (HBV), Hepatitis C virus (HCV), Human
immunodeficiency virus (HIV) was determined among prospective blood
donors at blood bank Yaoundé University Teaching Hospital (YUTH),
Yaoundé, Cameroon. Blood donors were consecutively screened for

HBV, HIV and HCV infections (Murex HBsAg Version 3, Murex HIV Ag/Ab
Combination, and Murex HCV Ag/Ab Combination [DiaSorin]). Additional
HBV testing including anti-HBc (Monolisa Anti-HBc PLUS; BIO-RAD) was
performed. HIV and HCV serology were confirmed with HIV BLOT 2.2
(Genelabs Diagnostic) and INNO-LIA HCV (Fujirebio), respectively. In

total, 1.166 were serially included in the study. Screening for transfusion
transmissible infections showed that 91 (7.80%) of total samples
donations were reactive for HBsAg+, 14 (1.2%) for HIV+, 11 (0.94%)

for HCV+, and 1 (0.08%) for HBsAg+ and /HIV+. 1.162 were screened
for total Anti-HBc IgG+IgM and 613 (52.75%) were reactive. All the 91
samples HBsAg positive were also positive for HBcAb. In 1071 HBsAg
negative participants, the prevalence of HBcAb was 48.7% (n=522). In
seronegative participants for HBsAg, HCV and HIV, the prevalence of
HBcAb was 48.8% (n=511). Of 13 HIV and 9 HCV reactive samples, 4 and
3 were confirmed positive by western blot, respectively. This study clearly
showed a high prevalence of viral infections among Cameroonian blood
donors at the YUTH. Strategies to increase voluntary and regular donors
should be intensified as such as medical selection of blood donors to
reduce the frequency of TTls in blood donors. The confirmatory results of
HIV and HCV underline the need to re-evaluate viral infection prevalences
in Camerronian blood donors.

SEROPREVALENCE OF MOSQUITO-BORNE VIRUSES AMONG
RESIDENTS FROM DIFFERENT CITIES OF NIGERIA

Garja S. Suner’, Elysse N. Grossi-Soyster', Pius S. Ekong?, Mabel
K. Aworh?, Yiltawe S. Wungak?, Nanven A. Maurice?, Michael J.
Ekong*, Bonto Faburay®, A. Desiree LaBeaud!

Stanford University School of Medicine, Stanford, CA, United States,
2National Veterinary Research Institute, Vom, Nigeria, *Federal Ministry of
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Agriculture and Rural Development, Abuja, Nigeria, *University College
Hospital, Ibadan, Nigeria, °Kansas State University, Manhattan, KS, United
States

Arthropod-borne viruses (arboviruses), such as alphaviruses,
flaviviruses, and phleboviruses are an important public health issue
in many regions of the world. Nigeria, a West African country,

has seen an emergence of these arboviruses over the past several
decades, leading to concerns of a widespread endemic. The aim of
this study is to determine the seroprevalence of alphaviruses, such
as chikungunya virus (CHIKV) and o'nyong’nyong virus (ONNV),
and flaviviruses, such as dengue virus (DENV) and Zika virus (ZIKV),
and phleboviruses, such as Rift Valley fever virus (RVFV), in three
areas of Nigeria. Human serum samples were collected from a
wide age range (ages = <'-# years) of residents in three cities:
Abuja, Ibadan and Jos. A total of 7' serum samples were collected
between August ' and March 203, Data pertaining to occupation,
animal exposure, and febrile illness was also collected during

each visit in order to determine potential risk factors related to
exposure to arboviruses. Testing for prior exposure to alphaviruses,
flaviviruses, and phleboviruses was performed using indirect IgG
ELISAs against CHIKV, DENV and RVFV antigen. Serologic results
from this study confirmed that '* (20.3%) were seropositive for
prior alphavirus exposure, 22° (32.8%) were seropositive for prior
flavivirus exposure, and ™ ('.*%) had prior phlebovirus infections.
Additionally, seropositivity across children (ages <'- years, n = %)
was much higher for DENV (*.%) than CHIKV (*.4%), indicating

a recent flavivirus exposure. The high seropositivity across all

age groups suggests that arboviral infections are prevalent in
Nigeria and implies that further surveillance is required in order to
determine the true burden of these infections.

OUTBREAK OF ENVIRONMENTALLY ISOLATED TYPE
2 CIRCULATING VACCINE-DERIVED POLIOVIRUS IN
METROPOLITAN KANO, NORTHWESTERN NIGERIA. 2018

Usman L. Shehu
AFENET/National Stop Transmission of Polio Program, Kano, Nigeria

Globally, Nigeria remains one of the endemic countries with polio cases.
With eradication of WPV in sight, continued focus is needed to eliminate
immunity gaps through high-quality SIAs and strong routine immunization
programs. In May, 2016, globally synchronized switch from tOPV to
bivalent OPV occurred in all OPV-using countries, including Nigeria and

a single dose of inactivated polio vaccine (IPV) was also introduced into
routine immunization to interrupt transmission of type 2 poliovirus.
Despite that, Kano has recorded outbreaks of vaccine-derived polioviruses
(VDPVs) and polio compatibles. The last confirmed wild poliovirus (WPV)
case in Kano had paralysis onset in July 2014.In December 2018, report
of a cVDPV2 nucleotide isolate (ENV-NIE-KNS-TRN-HGL-18-005) was
received. A state of emergency was declared immediately and an outbreak
investigation and response team formed to investigate the source of the
outbreak. Retroactive case search was done in 26 health facilities and
community ACS in 13 settlements surrounding the site. OPV and IPV
antigens were used for routine and supplemental Immunization coverage
survey using sample size of 150 households around the environmental
sample in 6 wards of the LGA. The routine administrative data was also
reviewed. Of the 150 children surveyed, 59% were fully immunized for
age while 20% were partially immunized and 21% were not immunized
for OPV. For IPV, 59% were fully immunized for age while 14% were
partially immunized and 27% were not immunized. For the last SIA and
last three SIAs, OPV coverages were 97% and 93% for the respectively.
Two missed AFP cases were found in the health facilities records while

no case was found from the 4723 households searched. Routine
immunization strengthening and quality mOPV and IPV SIA campaigns are
necessary to minimize risks of cVDPV transmission. The missed AFP cases
also strongly suggest surveillance gaps and calls for more AFP surveillance
strengthening.

SPATIOTEMPORAL RESOURCES FOR PREEMPTIVE
PREPAREDNESS AGAINST RIFT VALLEY FEVER

Austin Hardcastle, Joshua Osborne, Rebecca Ramshaw, Erin
Hulland, Julia Morgan, Julia Hon, Lucas Earl, Shreya Shirude,
Simon Hay, David Pigott

University of Washington, Seattle, WA, United States

Rift Valley Fever (RVF) is an arbovirus which has caused thousands of
human cases, hundreds of human fatalities, and over 100,000 livestock
deaths over the last 15 years. RVF has been reported from heterogeneous
climates throughout Africa and the Middle East, but cases frequently
occur in areas that have recently experienced an extended period of
above-normal rainfall. Efforts are being made to use known environmental
patterns to forecast areas suitable for outbreaks in real-time, but
assessments of historic, consistent suitability are also necessary. Here

we show synoptic maps of RVF suitability over its entire range at 5km-
by-5km resolution for every month of the year. These resources can

aid decisions regarding strategic, preemptive pandemic preparedness
activities as opposed to immediate but necessary reactions to short-term
forecasted risk. We conducted a systematic literature review to identify

all reported cases of RVF from 1995-2018 and combined this data with
records of RVF occurrence from the FAO's EMPRES-i database. We used
boosted regression trees to analyze patterns in these occurrences across
environmental covariates including precipitation, vegetation indices, and
distances to floodplains. RVF suitability was found in known RVF hotspots
such as Kenya and South Africa in addition to countries that have never
reported cases. Some regions were suitable for the virus most or all
months out of the year, while others only for short seasons. These findings
can help policy makers prevent outbreaks by providing information
regarding when and where to focus resources for preparedness such as
health infrastructure, personnel training, and vaccine supplies for humans
if and when they become available. Specifically, we show how our maps
can be used to prioritize where a country or region should focus increased
infrastructural resources for the surveillance of Rift Valley Fever. The
temporal component of our maps can also advise about when during

the year people in these identified geographies should be trained and
re-trained in Rift Valley Fever surveillance to increase their awareness and
hopefully prevent outbreaks.

CHARACTERIZING THE GENOMIC DIVERSITY, EVOLUTION
AND PHYLOGEOGRAPHY OF RESPIRATORY SYNCYTIAL
VIRUS GENOTYPE ON1 IN KENYA

James Richard Otieno’, Everlyn M. Kamau’, John W. Oketch',
Joyce M. Ngoi', Alexander M. Gichuki, Spela Binter?, Grieven P.
Otieno', Mwanajuma Ngama', Charles N. Agoti', Patricia A. Cane?,
Paul Kellam#, Matthew Cotten®, Philippe Lemey®, D. J. Nokes’

'KEMRI-Wellcome Trust Research Programme, Kilifi, Kenya, *Kymab Ltd.,
Cambridge, United Kingdom, 3Public Health England, Salisbury, United
Kingdom, “Imperial College London, London, United Kingdom, SErasmus
Medlical Center, Rotterdam, Netherlands, °KU Leuven - University of
Leuven, Leuven, Belgium, "University of Warwick, Coventry, United
Kingdom

In December 2010, a new genotype of respiratory syncytial virus (RSV)
with a 72-nucleotide duplication within the attachment (G) gene was
identified in Ontario, Canada, and named ON1. Using the ON1 as a
unique tag, this study aimed to understand; (1) how new RSV variants are
introduced, spread and persist in communities, (2) the genomic signatures
that define the emergent RSV variants and whether such substitutions
may be associated with potential fitness advantages, and (3) the patterns
of RSV spread across geographically defined regions (local and global).
Partial G gene (n=483) and whole genome (n=184) sequence datasets
collected between 2010 and 2016 were analyzed using genetic diversity,
phylogenetics and statistical methods to understand the molecular
epidemiology of RSV in Kilifi County, Coastal Kenya. Further, Kenyan
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(partial G gene; n=2526) and global (full G gene, n=2238; whole genome,
n=1194) sequence datasets collected between 1977 to 2016 were
analysed in a Bayesian framework for the inference of the phylogeographic
history of local and global RSV spread, respectively. Following initial
detection genotype ON1 in Kilifi in 2012, there was rapid replacement

of the previously circulating RSV group A genotype GA2 by ON1 in
subsequent epidemics. While this suggests elevated fitness of ON1 viruses,
there was no clear evidence of altered pathogenicity of ON1 relative to
GAZ2 in Kilifi. Signature amino acid substitutions were identified between
surface proteins (G, F), polymerase (L) and matrix M2-1 proteins of Kilifi
ON1 and GAZ2 viruses, suggesting co-evolution amongst antigenic and
non-antigenic genes of RSV variants. Genetic and phylogenetic analyses
reaffirmed previous conclusions that each RSV epidemic is characterized by
the frequent introduction of multiple variants, few of which persist across
epidemics. Finally, the phylogeographic analyses predicted the northern
hemisphere to be the major source population of RSV viruses into the
tropics and the southern hemisphere and virus spread between locations
in close proximity to be important for virus persistence within a country.

MAPPING THE ENVIRONMENTAL SUITABILITY FOR MIDDLE
EASTERN RESPIRATORY SYNDROME CORONAVIRUS

Joshua C. Osborne, Rebecca E. Ramshaw, lan D. Letourneau,
Shreya Shirude, Simon I. Hay, David M. Pigott

University of Washington, Seattle, WA, United States

Middle East Respiratory Syndrome Coronavirus (MERS-CoV) is a respiratory
pathogen transmitted to humans from dromedary camels reported across
the Arabian Peninsula with a case-fatality rate of 35% overall. Repeated
infection in both the endemic and imported settings demonstrate the
need for preemptive preparedness for detection and treatment of MERS-
CoV. Serological detection of MERS-CoV antibodies in dromedary camels
ranging beyond geographies with known occurrences of human infection
suggests that broadscale mapping is warranted. To this end, we construct
a Boosted Regression Tree model of the ecological niche suitable for
MERS-CoV spillover into human populations. We use this model to show
administrative level relative risk estimates that are weighted by human

and camel populations. As a result, we define a much broader geography
of spillover potential of MERS-CoV due to the environmental similarity

of these regions. MERS-CoV is listed as a priority pathogen by the World
Health Organization, and a primary candidate for vaccine development as
identified by the Coalition for Epidemic Preparedness Innovations initiative.
Moving forward, a geographically precise, broadscale understanding of
MERS-CoV spillover potential will be vital to the formulation of active
surveillance and investigation strategies and to inform the deployment and
provisioning of future vaccines.

DEVELOPING ALTERNATIVE SURVEILLANCE METHODS,
FROM THE NEAR INFRARED SPECTROSCOPY TO PREDICT
ZIKA INFECTION ON AEDES AEGYPTI, TO METAGENOMICS
TO DETECT THE INVASION OF NEW ARBOVIRUSES AND
HAPLOTYPES

Marcio G. Pavan’, Gabriela A. Garcia’, Lilha M. Santos', Mariana
R. David', Maggy T. Sikulu-Lord?, Ademir J. Martins', Jeffrey R.
Powell?, Cristopher E. Mason#, Rafael Maciel-de-Freitas'

'FIOCRUZ, Rio de Janeiro, Brazil, 2University of Queensland, St. Lucia,
Australia, 3Yale University, New Haven, CT, United States, “Weill Cornell
Medicine, New York, NY, United States

A significant expansion on the geographic distribution of arboviruses
occurred in the last decades, making more than half of human population
under risk of transmission. Global cities receive millions of tourists and
goods from all over the world and thus it is likely that new mosquito
genotypes can be introduced, as well as new viruses. Timely detection of
emerging threats and outbreak depends on efficient risk assessment. In
endemic regions, there is an urgent need to early diagnose DENV, CHIKV
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and ZIKV in native Aedes aegypti populations. In the other hand, mass
gathering events raise the vulnerability of a global city to the introduction
of new pathogens. Herein, we propose different surveillance methods

- (i) for endemic areas, the use of Near Infrared Spectroscopy (NIRS) to
detect arbovirus in A. aegypti for a rapid, cost-effective and accurate
surveillance system; and (i) for monitoring cities in mass gathering events,
Next-Generation Sequencing methods to detect early introduction of new
arboviruses/mosquito genotypes. We analyzed 400 A. aegypti mosquitoes
for each group (infected with DENV, CHIKV or ZIKV) to develop calibration
models for NIRS. Partial Least Square regression models were performed
with leave-one-out cross validation. The ZIKV model had >95% specificity
and 94.2-99.3% accuracy at 4 and 7dpi. Preliminary results of DENV at 7
and 14dpi showed 85% specificity and 76% accuracy. To accomplish the
second aim, A. aegypti samples were collected 3-months before, 3-m after
and 1-year after the Rio 2016 Olympics in 8 venues and also in a control
area, where tourists were not expected (90 female mosquitoes/area). DNA
was extracted individually and analyzed in SNP-chip containing ~30K
SNPs of A. aegypti. These results will be compared to our SNP database
of worldwide mosquito populations to identify its origin. Mosquito
females also had the midgut dissected individually, and DNA and RNA
extracted and prepared for metagenomics and RNA shotgun metagenomic
sequencing (SMS) to determine if new arboviruses entered during the
Olympics and if they recurrently infected mosquitoes after the games.

THE ARRESTING VERTICAL TRANSMISSION OF HEPATITIS B
VIRUS (AVERT-HBV) STUDY IN THE DEMOCRATIC REPUBLIC
OF THE CONGO: PRELIMINARY RESULTS

Peyton Thompson', Jonathan B. Parr’, Kashamuka
Mwandagalirwa?, Noro L. Ravelomanana?, Martine Tabala?,
Malongo Fathy?, Patrick Ngimbi?, Bienvenu Kawende?, Charles
Mbendi?, Jérémie Muwonga?, Ravi Jhaveri¢, Gavin Cloherty?,
Marcel Yotebiengs, Steven R. Meshnick’

'University of North Carolina-Chapel Hill, Chapel Hill, NC, United States,
2Kinshasa School of Public Health, Kinshasa, Democratic Republic of the
Congo, *National AIDS Control Laboratory, Kinshasa, Democratic Republic
of the Congo, “Lurie Children’s Hospital, Chicago, IL, United States,
>Abbott Laboratories, Abbott Park, IL, United States, *Ohio State University,
Columbus, OH, United States, "Gillings School of Global Public Health,
Chapel Hill, NC, United States

Despite the widespread availability of effective vaccination against hepatitis
B virus (HBV), it remains endemic throughout sub-Saharan Africa. Mother-
to-child transmission (MTCT) of HBV is preventable through birth dose
vaccination and identification/treatment of “high-risk” pregnant women
(those with high viral loads and/or HBV e antigen [HBeAg] positivity).

The purpose of this study is to show the feasibility of adding HBV testing
and treatment of pregnant women, and birth-dose vaccination, to the
existing infrastructure of an HIV prevention of MTCT (PMTCT) program

in the Democratic Republic of the Congo (DRC). We are enrolling
pregnant women at two maternity centers in Kinshasa, DRC that have
ongoing HIV PMTCT programs. We are screening women using point-
of-care HBV surface antigen (HBsAg) testing (Abbott Alere Determine™,
Abbott Park, IL). Women with positive HBsAg testing who present at <24
weeks' gestation are eligible for enrollment. Enrolled women are being
evaluated for high-risk disease using HBV viral load (Abbott RealTime) and
HBeAg (Abbott ARCHITECT) and for baseline liver and kidney function
abnormalities. Pregnant women with high-risk disease are offered
tenofovir disoproxil prophylaxis between 28- and 32-weeks’ gestation and
continued through 12 weeks' post-partum. Exposed infants are given a
birth dose of monovalent HBV vaccine within 24 hours of life. Of 4,016
women screened, 109 (2.7 %) were HBsAg-positive and 91 women have
been enrolled. Among the 71 who have undergone additional testing
thus far, nine (12.7%) of the enrolled women have high-risk disease; none
of these women have baseline liver or kidney function abnormalities. Of
the 19 infants who have been born to date, 14 (73.7%) have received
birth dose vaccine within 24 hours. This ongoing study demonstrates the
feasibility of adding HBV screening and treatment of pregnant women,
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and infant birth-dose vaccination, to the existing HIV PMTCT platform in
Kinshasa. Challenges exist in administering timely birth dose vaccination to
Congolese infants; these implementation issues must be addressed prior to
roll-out of universal birth dose vaccination in Africa.

SPATIO-TEMPORAL DYNAMICS OF MEASLES IN THE
PROVINCE OF WESTERN KASAI IN DEMOCRATIC REPUBLIC
OF CONGO FROM 2000 TO 2014

Dilubenzi Suami Divine, Bigirinama Rosine, Didier Bompague

URF/University of Kinshasa/INRB, Kinshasa, Democratic Republic of the
Congo

Background: Despite immunization efforts since 2000, measles remains
a major public health problem in the DRC. The upsurge of outbreaks
throughout the country in general and in the province of the western
Kasai especially motivated the realization of this study. Aim: To start
understanding of recurrence of these outbreaks. Methods: Measles cases
and deaths reported in Kasai Occidental between 2000 and 2014 were
used to calculate the attack rate and develop thematic maps for possible
spatial heterogeneities. The outbreaks occurred during the period were
analyzed together with an assessment of measles surveillance system.
Results: A total of 33,126 cases (3.82% deaths) have been reported on
all that ZS (Luebo, Mweka and Benaleka) were more at risk. Children <5
years unvaccinated (65.8%) were more affected and no difference in sex.
Conclusion: The identification of the epicenter formed of the 3 ZS opens
a perspective to lead the studies to the scale of health areas in order to
search for the factors explaining these heterogeneities

SEROPREVALENCE OF HEPATITIS A AND HEPATITIS E VIRUSES
AMONG PREGNANT WOMEN IN HAITI

Alexandra Tejada-Strop', Rania Tohme!, Jocelyne Andre-Alboth?,
Lana Childs’, Xin Ji', Vivianne de Oliveira Landgraf de Castro?,
Jacques Boncy?, Saleem Kamili’

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
2National Public Health Laboratory, Port-au-Prince, Haiti, *Federal University
of Mato Grosso do Sul, Campo Grande, Brazil

Hepatitis A virus (HAV) and hepatitis E virus (HEV) are mainly transmitted
through contaminated food and water. HEV infection is associated

with a high fatality rate among pregnant women, and gestational
complications have been reported among pregnant women infected with
HAV. Determine the seroprevalence of HAV and HEV infections among
pregnant women in Haiti. We selected 1307 residual specimens from the
2012 Biannual Sentinel Serosurveys for HIV among Pregnant \WWomen.

We stratified the population into West (includes Metropolitan Port-au-
Prince) and non-West regions (all other departments). Specimens were
tested for total HAV antibody immunoglobulin (total anti-HAV), anti-HEV
immunoglobulin M (Anti-HEV IgM), and anti-HEV immunoglobulin G (Anti-
HEV IgG). We evaluated the overall prevalence and the prevalence in the
West and non-West regions and the association between demographic
and socioeconomic characteristics with HAV and HEV infections. Overall,
96.8% of tested pregnant women were positive for total anti-HAV, 10.3%
for Anti-HEV IgG, and 0.3% for Anti-HEV IgM. The prevalence of Anti-
HEV IgG in the non-West (12.3%) was significantly greater than in the
West region (5.3%) (p<0.0001). Prevalence of total anti-HAV (p=0.008)
and Anti-HEV IgG (p<0.05) was significantly associated with age. Total
anti-HAV increased from 92% to 98%, and Anti-HEV IgG increased from
6% to 16% among women aged 15-19 years and those aged >35 years,
respectively. The majority of pregnant women in Haiti had evidence of past
exposure and immunity to HAV. HEV is circulating at a greater rate in the
non-West region than the West region. Improvements in food and water
safety such as the implementation of the Water, Sanitation, and Hygiene
(WASH) program may help with prevention of these viral infections in
Haiti.

ASSESSING SERUM ANTI-ROTAVIRUS IMMUNOGLOBULIN

A AS A CORRELATE OF VACCINE-INDUCED PROTECTION
AGAINST ROTAVIRUS GASTROENTERITIS IN HIGH AND LOW
CHILD MORTALITY SETTINGS: ANALYSIS OF POOLED IN
DIVIDUAL-LEVEL DATA FROM NINE CLINICAL TRIALS

Julia M. Baker’, Jacqueline E. Tate?, Juan Leon’, Michael J.
Haber, Benjamin A. Lopman’

'Emory University, Atlanta, GA, United States, ?Centers for Disease Control
and Prevention, Atlanta, GA, United States

A correlate of protection would facilitate rapid and efficient assessment

of modified rotavirus vaccine strategies and the next generation of
rotavirus vaccines. We aimed to quantify a threshold of post-vaccine
serum anti-rotavirus immunoglobulin A (IgA) antibody units that serves

as an individual-level immune correlate of protection against rotavirus
gastroenteritis among vaccinated infants across child mortality settings.
Individual-level data on 5,074 infants enrolled in nine GlaxoSmithKline
Rotarix phase Il and Ill clinical trials from 16 countries were pooled. Cox
proportional hazard models were fit to estimate hazard ratios (HRs) and
95% confidence intervals (Cls) describing the relationship between a series
of anti-rotavirus IgA thresholds and the occurrence of mild/moderate or
severe rotavirus gastroenteritis up to 1 year of age. Seroconversion (serum
anti-rotavirus IgA =20 U/mL) conferred substantial protection against mild/
moderate and severe rotavirus gastroenteritis across settings. Among
infants in low child mortality settings, seroconversion provided near perfect
protection against severe rotavirus gastroenteritis (HR=0.04, 95% CI=0.01,
0.32). In high child mortality settings, seroconversion reduced the risk of
severe rotavirus gastroenteritis by 52% (HR=0.48, 95% Cl=0.26, 0.90).

As anti-rotavirus IgA threshold increased, the HR comparing the rate of
gastroenteritis among those above that threshold to seronegative infants
generally decreased. A given anti-rotavirus IgA threshold typically provided
higher protection in low child mortality settings compared to high child
mortality settings and for more severe disease compared to mild/moderate
disease. Serum anti-rotavirus IgA is a valuable, though imperfect, correlate
of vaccine-induced protection against rotavirus gastroenteritis across
settings. Serum anti-rotavirus IgA alone may be insufficient to accurately
predict an infant’s risk of rotavirus gastroenteritis, however, serum
anti-rotavirus IgA seroconversion provides an informative threshold for
assessing rotavirus vaccine performance.

MATERNAL SECRETOR STATUS AFFECTS ORAL ROTAVIRUS
VACCINE RESPONSE IN BREASTFED INFANTS IN
BANGLADESH

Frank B. Williams', Abdul Kader?, Dorothy M. Dickson’, Ross
Colgate’, Muhammad Muhammad Ikhtear?, Salma Sharmin?,
Shaidul Islam?, Taufiqur R. Bhuiyan?, Masud Alam?, Uma Nayak?,
Josyf C. Mychaleckyj?, William A. Petri3, Rashidul Haque?, Firdausi
Qadriz, Beth D. Kirkpatrick?, Benjamin Lee’

'University of Vermont, Burlington, VT, United States, 2International
Center for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh,
3University of Virginia, Charlottesville, VA, United States

Rotavirus (RV) remains the leading global cause of infectious diarrhea
among infants despite availability of live-attenuated oral vaccines,
which underperform in low-income settings. Histoblood group antigen
expression on mucosal surfaces and in exocrine secretions (i.e. Secretor
status) has been associated with RV susceptibility, with non-Secretor
infants protected against symptomatic RV infection. However, the
contribution of maternal breast milk Secretor status on infant responses
to oral RV vaccination remains unclear. We hypothesized that infant and
breast milk Secretor-positive status would be associated with increased
vaccine response. Therefore, we performed a sub-study within PROVIDE,
a Rotarix vaccine efficacy trial conducted in Dhaka, Bangladesh, to
determine if infant or maternal Secretor status was associated with
infant post-vaccination RV-specific IgA seroconversion. Seroconversion
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was defined as post-vaccination plasma RV-IgA >20 U/mL at 18 weeks

of age following pre-vaccination concentration <20 U/mL. Infant and
maternal Secretor status were determined by enzyme immunoassay of
saliva and breast milk, respectively. Phenotype data were available for

246 maternal-infant dyads. Seventy-four mothers (30%) and 71 infants
(29%) were non-Secretor. Seroconversion rates were significantly higher
among infants born to maternal non-Secretors (37% vs 22%, P=0.01);
this effect was strongest among infant Secretors (55% vs 24%, P<0.01).
Maternal status was not associated with breast milk RV-IgA or infant pre-
vaccination RV-IgG. In a model evaluating both maternal and infant status,
maternal, but not infant, phenotype remained significantly associated with
seroconversion (P<0.01). Maternal Secretor status significantly affected

RV vaccine response in Bangladesh. One hypothesis for these findings
suggests inhibition of vaccine response by Secretor-dependent antigens in
breast milk, possibly by serving as decoy receptors or by modulating the
infant microbiome. Further studies may yield insights into pathogenesis
and host response, but breast feeding should not be withheld at
vaccination.

ALLERGIES, OBESITY AND RISK OF HOSPITALIZATION FOR
SUSPECTED ARBOVIRUS INFECTIONS

Anita Susana Hargrave', Rachel Sippy?, Anna Stewart-lbarra?

'University of California San Francisco, San Francisco, CA, United States,
2Institute for Global Health and Translational Science, SUNY Upstate
Medical University, Syracuse, NY, United States, 3Institute for Global Health
and Translational Science, SUNY Upstate Medical University; Department
of Medicine, Syracuse, NY, United States

Dengue, chikungunya and Zika are mosquito-borne arboviruses that lead
to over 390 million infections per year worldwide. They can manifest as

a short flu-like illness or as life-threatening organ dysfunction. The risk
factors for development of severe complications requiring hospitalization
remain poorly understood. In the same communities afflicted by these
diseases, there are growing rates of allergies and obesity. These conditions
are linked to pro-inflammatory states and altered immunity. The objective
of this study was to elucidate how allergies and obesity change the risk of
hospitalization due to arboviruses in an endemic region in southern coastal
Ecuador. From 2014 to 2018, subjects were enrolled after being clinically
diagnosed with an arbovirus infection by a Ministry of Health physician in
the city of Machala. Weight and height were measured to calculate Body
Mass Index (BMI), and a survey of demographics, symptoms, and health
history including self-report of allergies was conducted after enroliment.
The relationships between hospitalization and three measures: (1) BMI,

(2) history of allergies and (3) overweight/obese BMI or allergies, were
analyzed using general liner models adjusting for potential confounders.
Three hundred and thirty-seven adults were recruited with complete

data; of these patients, 34 were hospitalized, 57 reported allergies

and 203 patients had a BMI over 25, classifying them as overweight/
obese. For every BMI unit above 25, there was a 9% decrease in odds

of hospitalization (95% confidence interval, 0.83—0.99). Those with
reported allergies had a 23% decrease in the odds of hospitalization (95%
confidence interval, 0.25—1.99) compared to those without allergies.
Patients with either a history of allergies or an overweight/obese BMI
classification had a 44% decrease in the odds of hospitalization (95%
confidence interval: 0.21—1.50). Having a BMI above normal or allergies
exhibited protective effects against hospitalization among adults with
clinically diagnosed arbovirus infection; additional research is necessary to
better understand the mechanisms contributing to these associations.

LASSA FEVER IMMUNE RESPONSE CROSS REACTIVITY TO
RECOMBINANT ANTIGEN BASED IMMUNOASSAYS

Megan Heinrich', Matthew Boisen?, Luis Branco', Katherine
Hastie3, Diana Nelson?, Duane Bush?, Irina Aimukanova?, Mambu
Momoh?, Francis Baimba#*, John Adeyemi®, Testimony Olumades®,
Benevolence Ebo®, Olusola Ogunsanya’, MacDonald Onyechig,
Johnson Etafo®, Matthew Afam Eke®, Philomena Eromon¢, Andrew
Hoffmann'©, Brandon Beddingfield™, Ikponmwosa Odias, Chinedu
Ugwue, Onikepe Folariné, Augustine Goba*, Pardis Sabeti',
Christian Happi¢, Donald Grant'?, Erica Ollmann Saphire3, John
Schieffelin', Robert Garry™
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During the 2019 Nigerian Lassa fever outbreak, serologic studies were
conducted at Redeemers University, Nigeria and Kenema Government
Hospital, Sierra Leone to assess the level of Lassa-specific IgG and IgM
cross-reactivity towards recombinant Lassa virus (LASV) antigens from the
three most prevalent circulating strains: LASV lineages Il and Il (Nigeria)
and Lineage IV (Sierra Leone, Liberia, Guinea). Long-term LF Survivor
samples were screened using recombinant LASV antigen-based IgG/IgM
ELISA kits for Lassa-specific reactivity to Nucleoprotein (NP), Glycoprotein
(GP), and Z protein (ZP). Assay reagents included ELISA microwell plates
that were coated with individual antigens or mixtures of all three lineages
of a particular antigen (Pan-Lassa), stabilized and packaged for use in West
Africa. For human sample screening a 1:100 dilution was used. Samples
exhibiting Lassa-specific IgG or IgM reactivity were selected to be retested
for antigen specific end-point titers. Correlation of NP and GP assay
reactivity was low (R2 <0.5) highlighting a differential adaptive immune
response to viral antigens in convalescence. Cross-reactivity of antibody
response to multiple lineages was significant (R2 >0.850) for both NP and
GP antigens however, ZP exhibited poor cross-reactivity (R2 <0.500) and
specificity. Samples from both Nigeria and Sierra Leone demonstrated
consistent cross-reactivity to all three lineages of NP and GP antigens.
Endpoint dilution of NP and GP reactive samples further elucidated cross-
reactivity with lineage specific endpoints within 4-fold dilutions. Median
end-point dilution for NP antigen was 1:6400 (maximum 1:51,200)

and GP antigen 1:1600 (maximum 1:12,800). For samples with anti-GP
endpoint >1:400, positive agreement with the Lassa GP pseudovirus
neutralization reference method was 97.4% (38/39; 95th% Cl 86.5

- 99.9%). Detection of anti-NP and anti-GP antibodies are important
biomarkers of Lassa fever humoral immune response. These results help
will guide selection of recombinant LASV antigens used in LF surveillance
and vaccine development.

EVALUATION OF THE PERFORMANCE OF ALERE Q FILOVIRUS
DETECT TEST AND THE ALERE Q ANALYZER FOR DIAGNOSIS
OF EBOLA COMPARED TO RT-PCR

Yanis Ben Amor’, Zelda Moran', Maitreyi Oka', William
Rodriguez?, Cassandra Kelly?, Mamdou A. Baldé3, Moussa Moussa
Condé?, N'Faly Magassouba?

'Columbia University, New York, NY, United States, 2Foundation for
Innovative New Diagnostics, Geneva, Switzerland, *Laboratoire des Fiévres
Hémorragiques en Guinée, Conakry, Guinea

Over the past five years, outbreaks of Ebolavirus have resulted in
devastating morbidity and mortality in West and Central Africa and Ebola
remains a significant public health threat in several countries. Access

to molecular diagnostic testing is crucial for effective early outbreak
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identification and response, but nucleic-acid based tests are primarily
limited to large laboratories with advanced equipment and highly trained
technicians. In 2017, we performed an analysis of the accuracy of the
Alere q Filovirus Detect Test using whole blood samples collected in Guinea
in 2014-15. We compared each test result from Alere g to its respective
RT-PCR record from the time of collection. To account for uncertain sample
transport and storage history between collection and investigative testing,
whenever the Alere g test was discordant with the original result from
2014, a confirmatory RT-PCR was performed. Two separate statistical
analyses were conducted, the first (primary) excluding any samples with
differing RT-PCR results, and, to account for possible sample degradation,
the second (secondary) including all samples but considering the 2017
RT-PCR as the true Ebola status. Sensitivity in primary analysis was 97.3%
(95% ClI: 90.7% - 99.7%), and 97.7% (95% Cl: 91.85% - 99.7%) in
secondary analysis. Specificity was lower, at 89.1% (95% CI: 81.4% to
94.4%) in both analyses. Limitations included uncertain sample transport
and storage history of samples, including the transportation to the United
States and treatment with gamma irradiation after testing by Alere g

but prior to confirmatory RT-PCR testing. This may have impacted the
accuracy of the 2017 RT-PCR test result. The Alere q Filovirus Detect

Test demonstrated high sensitivity and moderate specificity when used

on whole blood samples collected in Guinea during the 2014-15 Ebola
outbreak. Significant challenges faced during this study are likely to apply
in futures studies attempting to validate new diagnostics using banked
samples, and should be considered during study design and results
interpretation.

VIRAL HEMORRHAGIC FEVERS IN PREGNANCY: A
SYSTEMATIC REVIEW AND META-ANALYSIS

Ribka Amsalu
University of California San Francisco, San Francisco, CA, United States

Driven by globalization, urbanization, changing human feeding habits,
and change in land use, the risk for infectious disease epidemics and
pandemics has increased over the years. In the last three decades,
several infectious diseases have emerged as diseases of concern with
epidemic or pandemic potential including Severe Acute Respiratory
Syndrome (SARs), Influenza, Coronavirus infection (MERS-CoV), and
Ebola Virus Disease (EVD). While, there are evidence-based interventions
to tackle most infectious diseases, the evidence-base on the effect of
viral hemorrhage fevers in pregnancy is limited. Viral hemorrhagic fevers
(VHFs), is a term usually applied to disease caused by Arenaviridae (Lassa
fever), Bunyaviridae (Rift Valley Fever), Filoviridae (Ebola and Marburg)
and Flaviviridae (Yellow fever, Dengue) viruses. Globally, VHFs have
accounted for nearly three fifth of infectious disease epidemic events in
the last decade. We conducted a systematic review and meta-analysis to
summarize the current evidence to determine whether VHF epidemics
are associated with adverse pregnancy outcomes. Adverse pregnancy
outcomes were defined as miscarriage, stillbirth, preterm birth, low-
birth weight, and early neonatal death. Electronic literature search were
conducted in PubMed, Embase, Web of Science and Cochrane library.
The search was limited to English language. Common VHFs- dengue,
yellow fever, lassa fever, rift valley fever, and ebola were included in the
search. Medical subject heading, keyword search and the bibliographies
and reference list of selected articles identified 1543 studies. Title and
abstract screening was done by two authors using predesigned selection
criteria. The eligible articles were then exported to Systematic Review
Data Repository for data extraction. Most of the studies identified were
observational studies, cohort and case control, and quality was assessed by
the Newcastle-Ottawa Scale. Effect sizes were estimated for each adverse
outcome and as composite indicator by disease by using Risk Ratio with
corresponding 95% confidence interval. Results and conclusion will be
presented at conference.

“THE CAT THAT KILLS PEOPLE”: COMMUNITY BELIEFS
ABOUT EBOLA ORIGINS AND IMPLICATIONS FOR DISEASE
CONTROL IN EASTERN DEMOCRATIC REPUBLIC OF THE
CONGO

Michael Hawkes', Kasereka Masumbuko Claude?

'University of Alberta, Edmonton, AB, Canada, *Université Catholique du
Graben, Butembo, Democratic Republic of the Congo

The current Ebola epidemic in Eastern Democratic Republic of Congo
(DRC) has surpassed 1,000 cases and 600 deaths. Social resistance is a
major barrier to control efforts, and invites an exploration of community
beliefs around Ebola and its origins. Mixed-methods study, using focus
group discussions (FGDs) with key community informants and a 19-item
survey questionnaire broadly sampling the outbreak zone. Between

4 to 17 August, 2018, we conducted 4 FGDs (20 participants) and
surveyed 286 community members across Eastern DRC. FGDs revealed

a widespread rumour early in the epidemic of two twins bewitched by
their aunt after eating her cat, who developed bleeding symptoms and
triggered the epidemic. However, this myth appeared to dissipate as

the epidemic progressed and biomedical transmission became generally
accepted (medical syncretism). In our survey, 6% of respondents endorsed
supernatural origins of Ebola. This subgroup did not differ from other
respondents in terms of knowledge of biomedical modes of transmission
or resistant attitudes toward control measures, but was more likely to
believe that traditional healers could cure Ebola. Wild animals were
recognized as sources of Ebola by 53%. Our findings suggest that
skepticism and/or denial of the biomedical discourse, coupled with and
mistrust and fear of ETUs may fuel “underground” transmission of
Ebola outside western-style medical facilities, as patients seek care from
traditional healers, who are ill-equipped to deal with a highly contagious
biohazard. A deeper understanding of beliefs around Ebola origins may
illuminate strategies to engage communities in control efforts.

A REVIEW OF THE GENETIC AND ANTIGENIC PROFILE
OF INFLUENZA VIRUSES CIRCULATING IN CEBU CITY,
PHILIPPINES, 2009-2017

Maria Theresa Payumo Alera’, Louis Macareo?, Stefan
Fernandez?, In-Kyu Yoon?, John Mark Velasco?, Wudtichai
Manasatienkij?, Catherine Lago’, Chonticha Klungthong?

'Philippines-Armed Forces Institute of Medical Sciences Virology Research
Unit, Cebu City, Philippines, 2Armed Forces Research Institute of Medical
Sciences, Bangkok, Thailand, 3International Vaccine Institute, Seoul,
Republic of Korea

Genetic changes of influenza viruses may occur and form novel subtypes
resulting in pandemics. Influenza surveillance is critical to detect mutations
to assess the potential effectiveness of seasonal influenza vaccines.

The objective of the study was to identify the antigenic and molecular
characteristics of circulating influenza viruses in Cebu City, Philippines.
2,491 nasal/throat swabs collected from volunteers aged 6 months old
and above presenting with influenza-like illness in city health clinics from
2009 to 2017, were tested by influenza real-time RT-PCR. 627 of 2,491
(25%) samples with Ct value <27 were randomly selected for sequencing.
Influenza A viruses accounted for 426 of the 627 (68%) and Influenza B
viruses for 201 (32%). A breakdown of Influenza A subtype viruses were
as follows: 236/426 (55%) Influenza A/H3 and 190/426 (45%) Influenza
A(HTN1)pdm09. A phylogenetic analysis of influenza A/H3N2 using 41
gene sequences showed the following clades: 1 (2009), 3B (2011-2012),
3C.1(2011), 3C.3(2012-2015), and 3C.2a (2015 to 2017). Influenza
A/H3 subtype showed close antigenic identity to Northern Hemisphere
vaccine strain A/California/7/2004/ Vaccine and Southern Hemisphere
vaccine strain A/Switzerland/8060/ 2017/Vaccine. A phylogenetic analysis
using 23 Influenza A(H1N1)pdm09 gene sequences showed that the virus
strain during the 2009 influenza season belonged to genetic clade 1. It
was closely related to A/California /7/2009 vaccine strain. Clade 6 was
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the dominant A(HTN1)pdm09 subtype virus circulating between 2013
and 2017. Phylogenetic analysis of influenza B using 44 gene sequences
showed both B/Victoria and B/Yamagata lineages co-circulating between
2011 and 2014. Clades of Influenza B Victoria lineage belonged to 1A
and 1B while Influenza B Yamagata lineage belonged to clade 3. The
study emphasizes the importance of sustained epidemiologic and virologic
influenza surveillance coupled with timely antigenic and genetic evolution
analysis which can be used by health authorities to guide policy decision
making.

DEVELOPMENT OF SUBSTITUTED GUANIDINO-OSELTAMIVIR
AS POTENT AGAINST INFLUENZA VIRUS TARGETING
NEURAMINIDASE ACTIVITY

Sumit Kumar', Sonu Kumar?, Prem P. Sharma?, Atul FNU?,
Prakasha Kempaiah?, Brijesh Rathiz, Poonam FNU

'Department of Chemistry, Miranda House, University of Delhi, New

Delhi, India, *Laboratory for Translational Chemistry and Drug Discovery,
Department of Chemistry, Hansraj College University Enclave, University of
Delhi, New Delhi, India, *Department of Medicine, Loyola University Stritch
School of Medicine, Chicago, IL, United States

Influenza, is an inoculable viral infection, belongs to orthomyxoviridae
family is caused by number of circulating influenza viruses classified

as influenza A, B and C. The influenza strains, HIN1, H3N2, H2N2,

H5N1 causes epidemic that influences the respiratory organs in

human and animals. As per the WHO reports, influenza creates major
threat for human population, killing > 2,50,000 - 5,00,000 people
worldwide. Oseltamivir, orally approved drug inhibits the neuraminidase
(transmembrane protein). Neuraminidase plays an important role in release
of virus from infected cell by cleaving sialic acid present on the surface

of cell membrane. Therefore, neuraminidase are considered as potential
drug target for anti-influenza agents. The active form of oseltamivir,
oseltamivir carboxylate (Tamiflu) formed by the action of endogenous
esterase inside the cell membrane and targets the neuraminidase. The
use of oseltamivir showed a substantial decrease in influenza related
death over the time, however rapid mutations of the virus resulted in the
resistance against oseltamivir and other antiviral agents. In view of the
ongoing pandemic threat and the emergence of resistance to oseltamivir,
the development of new effective therapeutics must be of high priority.
Guanidino-oseltamivir (GO) is one of the pro-drugs of oseltamivir with
high anti-influenza activity in culture, however its poor bioavailability
needs to be improved. Therefore, we decided to develop new analogs of
GO by implementing slight chemical modifications. The main objective
of our investigation is to build N-alkyl amides substituted GO and O-alkyl
ester substituted GO analogs as potent anti-influenza agent. Several new
GO analogs were synthesized and assayed for biological testes. The initial
screening results supported few of the compounds as highly potent with
inhibitory concentration of ~20 nM in culture with minimal toxicity. All the
interesting observation will be presented.

PREVALENCE OF HIGH-RISK HPV GENOTYPES RELATED
TO CERVICAL CANCER IN WOMEN OF LIMA, PERU
THROUGHOUT THE YEARS 2012 - 2017

Caddie Laberiano Fernandez', Wilmer Silva-Caso?, Javier Arias
Stella’, Migue A. Aguilar-Luis?, Luis J. del Valle?, Jorge Valverde-
Ezeta?, Denisse Champin?, Graciela Risco de Dominguez?, Juana
del Valle-Mendoza3

!Instituto de Patologia y Biologia Molecular Arias Stella, Lima, Peru,
2Facultad de Ciencias de la Salud - Universidad Tecnoldgica del Peru, Lima,
Peru, 3School of Medicine, Research and Innovation Centre of the Faculty
of Health Sciences, Universidad Peruana de Ciencias Aplicadas, Lima,
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Peru, “Barcelona Research Center for Multiscale Science and Engineering,
Department d” Enginyeria Quimica, EEBE, Universidad Politecnica de
Catalunya (UPC), Barcelona, Spain

Human Papilloma Virus (HPV) is the most important risk factor in the
pathogenesis of cervical cancer and precancerous lesions of the cervix.
Currently more than 170 types of HPV have been characterized and their
distribution of genotypes varies geographically. In Peru, is reported that
about 20.5% of cervical cells with normal morphology determined by
Papanicolau test (PAP) were infected by HPV. However, data regarding HPV
infection is still limited, therefore our study is of the utmost importance
since we evaluated high-risk HPV frequencies over the span of 6 years
(2012 - 2017) in women from Lima, Peru. A Retrospective study was
conducted based on the statistical analysis performed on a database of a
total of 6665 samples from asymptomatic women over 15 years of age
from the Stella - Maris Clinic in Lima - Peru (2012 - 2017). All samples
were subjected to the COBAS ® 4800 HPV test (PCR to amplification of
and nucleic acid hybridization for the detection of 14 high-risk HPV types
in a single analysis (HPV 16,18,31, 33, 35, 39, 45, 51, 52, 56, 58, 59,

66 and 68). We found that 27.7 % (n = 1849) were positive for high

risk HPV genotypes 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68,
while 9.8 % (n = 650) tested positive for the HPV16 genotype, lastly only
1.91% (n = 127) were positive only for the HPV genotype 18. The most
frequent coinfection was between the HPV16 genotype and any of the
other genotypes evaluated as high risk (HPV 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66 and 68) was seen in 4.29% (N = 286). In conclusion, our
results demonstrate a significant percentage of positive infections by the
HPV16 genotype, however the group that is considered as positive for the
other high risk genotypes (HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66
and 68 ) except without characterizing them individually, represented a
percentage of 27.74%, which indicates that in our study population the
flow of viruses considered high risk is very heterogeneous.

THE ROLE OF PLASMODIUM FALCIPARUM DERIVED
MICROVESICLES IN MALARIA RELATED ANEMIA

Florence Awamu', Kai Matuschewski', Faustin Kamena?

"Humboldt University Berlin, Berlin, Germany, ?Leipzig University, Leipzig,
Germany

Severe anemia represents one of the major complications in malaria

and affects primarily young children. Red blood cell destruction by the
causative agent of malaria, intra-erythrocytic Plasmodium parasites, is the
main origin of anemia, but clinical data suggests that additional factors,
including dyserythropoiesis and phagocytosis of erythrocytes, add to the
pathology. The underlying mechanisms that explain the disproportional
loss of erythrocytes when compared to the proportion of infected

cells remain to be elucidated. One attractive hypothesis is coating and
immune recognition leading to phagocytosis of non-infected erythrocytes
with Plasmodium antigens, which are released into the blood stream
during intra-erythrocytic replication through microvesicles. In this study,
we investigated microvesicle-mediated transfer of parasitic material to
uninfected erythrocytes and its contribution to phagocytic destruction.
We purified microvesicles from Plasmodium falciparum cultures and
characterized the protein content by mass spectrometry. We show that a
signature microvesicle protein, ring-infected erythrocyte surface antigen
(RESA), can be found on the surface of non-infected erythrocytes.
Transwell co-culture experiments further substantiate our notion that
coating of normal erythrocytes by parasite antigens occurs through
microvesicle transfer. We finally tested whether this mechanism primes
uninfected cells for phagocytosis in vitro by macrophages. Our findings
show that microvesicles derived from Plasmodium-infected erythrocytes
can deposit parasite antigens on uninfected red blood cells. Whether this
mechanism contributes to the pathogenesis of malaria-related anemia can
now be examined in clinical studies.

astmh.org



THE ASSOCIATION BETWEEN ABO BLOOD GROUPING AND
MALARIA INFECTION WITHIN KENYAN ISOLATES

Redemptah Yeda
Kenya Medical Research Institute - Kenya, Kisumu, Kenya

The ABO blood groups consist of A, B and H carbohydrate antigens which
can regulate protein activities. Investigations have been conducted to
find out whether or not ABO blood groups antigens are associated with
susceptibility of malaria infections in Kenyan. This study aims to assess
the distribution of ABO blood groups and their relationship with malaria
infection among Kenyan isolates. A total 138 positive, Plasmodium
species whole blood samples were obtained from an ongoing malaria
surveillance study microscopy was done on all samples. ABO blood group
was determined by agglutination test using Anti ABD blood grouping,
monoclonal antibodies. Plasmodium speciation was achieved using ssSRNA
real-time polymerase chain reaction. Data collected was analysed using

R software version 3.4.2. Chi square was used to assess the difference
between frequencies and ANOVA used to test the difference between
parasitemia means. Out of a total of 140 samples collected, 130 (93%)
were found to be infected with plasmodium parasites as determined by
microscopy. All samples examined for malaria were also tested for ABO
blood groups accordingly, 47.7%, 26.2%, 20.8% and 4.6% were found
to be blood groups O, A, B and AB respectively. The highest proportion
of individuals in all blood groups were infected with Pfalciparum as
compared with other species, 91(70%), 26(20%), 11(8%) and 2(2%)
were positive for Plasmodium falciparum, Plasmodium ovale wallikeri,
Plasmodium malarae and Plasmodium ovale Curtis. This study indicates
that individuals of blood groups O, A and B are more susceptible to
plasmodium falciparum infection compared to individuals with blood type
AB.

PLASMODIUM FALCIPARUM GAMETOCYTE SEX RATIO IN
AN ASYMPTOMATIC POPULATION: IMPACT ON MALARIA
TRANSMISSION

Raphael O. Okoth', Benjamin Opot’, Gladys Chemwor’, Irene
Onyango', Gladys Kerich?, Dennis Juma', David Abuom', Hoseah
Akala', Ben Andagalu’, Edwin Kamau?, Jessica Cowden?, Jim Ray
Managbanag*

'US Army Medlical Research Directorate - Africa (USAMRD-A, Kenya
Medical Research Institute (KEMRI), Kisumu, Kenya, *U.S. Military HIV
Research Program, Walter Reed Army Institute of Research, Silver Spring,
MD, United States, *Walter Reed Army Institute of Research, Silver Spring,
MD, United States, *US Army Medical Research Directorate - Africa,
Kisumu, Kenya

The burden of asymptomatic and sub-microscopic malaria infections in
endemic settings is playing a role in sustaining transmission. Plasmodium
gametocyte stage that is infectious to mosquito is central to sustained
transmission. This argues for innovative transmission-blocking strategies
in order to meet global elimination goals. Mosquito infection is mainly
determined by gametocyte density and its sex ratio is crucial in ensuring
fertilization. Conventional means of sex ratio quantification - microcopy

- is imperfect and quantification has been improved by the introduction
of molecular detection tools that allow detection at lower densities. It has
been shown that adequate numbers of male and female gametocytes
need to be generated during infection for successful fertilization. However,
the range of the sex ratio that would allow transmission is unclear. Here,
we aim to estimate a range of gametocyte sex ratio that would allow
transmission in an asymptomatic population in a malaria holoendemic
region. A total of 4214 blood samples collected from 29 clusters in a
malaria transmission dynamics study in Kisumu between July 2015 and
June 2016 were used in this study. Ribonucleic acid extraction was carried
out followed by a DNase digest on all the samples. Plasmodium and
gametocyte detection was then carried out using a reverse transcription
quantitative real time polymerase chain reaction (RT-qPCR). Subsequently,

Plasmodium species composition of each positive sample was determined.
Participants who had gametocytes underwent either a membrane or direct
landing feeding assay and on day 8, all the fed mosquitoes were dissected
and diagnosed for the presence of oocyst - suggestive of successful
infection. Gametocyte sex ratio analysis is being carried out as described
by Schneider et al. with few modifications - replacing Pfs230p with
PAMGET as the male gametocyte marker. The findings of this study will
describe a range of sex ratio fit for successful mosquito mid-gut infection
and further give clue to whether a robust sex-specific quantification could
replace mosquito feeding assays. Preliminary findings of the study will be
presented.

URINARY METABOLITE CHANGES IN VOLUNTEERS
CHALLENGED WITH PLASMODIUM FALCIPARUM
SPOROZOITES

Madeleine Eunice Betouke Ongwe’, Isabelle Kohler?, Aswin
Verhoeven?, Jacqueline J. Janse?, Yoanne D. Mouwenda?, Peter
G. Kremsner?, Stephen L. Hoffman4, Bertrand Lells, Akim A.
Adegnikas, Oleg A. Mayboroda?, Maria Yazdanbakhsh?

'LUMC/CERMEL, Leiden, Netherlands, *Leiden University Medical Center,
Leiden, Netherlands, *Eberhard Karls University Of Tuebingen, Tuebingen,
Germany, “Sanaria, Inc., Rockville, MD, United States, *Centre De
Recherches Medicales De Lambarene, Lambarene, Gabon

Immunity against malaria infection is being studied extensively but

the underlying mechanisms of protection are not fully understood.
Metabolomics is a post-genomic technology enabling a minimally invasive
monitoring of the physiological responses to external and internal stimuli.
Here, we present a longitudinal study of the urinary metabolic profiles

of healthy individuals before and after intravenous administration of
Plasmodium falciparum sporozoites, aiming at deciphering the metabolic
changes observed during the course of malaria infection. Twenty healthy
malaria-exposed Gabonese and 5 malaria-naive Europeans were voluntary
challenged with live P falciparum sporozoites and followed up until they
developed symptoms (Gabonese) and became thick blood smear positive
(Europeans). Urine samples was collected before and after challenge

at several times points until treatment. Samples were analysed in an
untargeted approach using hydrophilic interaction chromatography-mass
spectrometry (HILIC-MS). A combination of the univariate and multivariate
data analysis approaches was used for dissecting the metabolic effects of
a host response to the infection. Data analysis showed a clear difference in
metabolomic profile between malaria-naive and malaria-exposed subjects
at baseline. Overall, 8 most important metabolites discriminate before and
after the challenge and between parasitemic and non-parasitemic malaria-
exposed Gabonese. One particular metabolite, glutamine conjugate
phenylacetylglutamine, significantly distinguished malaria-exposed
individuals who controlled their parasitemia even before the challenge
from those who did not. This metabolomics study highlighted the changes
in the urinary metabolite profiles related to P falciparum challenge and
identified potential urinary biomarkers of parasitemia.

INVESTIGATING A PLASMODIUM FALCIPARUM
ERYTHROCYTE INVASION PHENOTYPE SWITCH AT THE
WHOLE TRANSCRIPTOME LEVEL

Prince B. Nyarko
University of Ghana, Accra, Ghana

The central role that erythrocyte invasion plays in Plasmodium falciparum
survival and reproduction makes this process an attractive target for
therapeutic or vaccine development. However, multiple invasion-related
genes with complementary and overlapping functions afford the parasite
the plasticity to vary ligands used for invasion, leading to phenotypic
variation and immune evasion. Overcoming the challenge posed by
redundant ligands requires a deeper understanding of conditions that
select for variant phenotypes and the molecular mediators. While host

astmh.org



factors including receptor heterogeneity and acquired immune responses
may drive parasite phenotypic variation, we have previously shown

that host-independent changes in invasion phenotype can be achieved
by continuous culturing of the W2mef and Dd2 P, falciparum strains

in moving suspension as opposed to static conditions. Here, we have
used a highly biologically replicated whole transcriptome sequencing
approach to identify the molecular signatures of variation associated with
the phenotype switch. The data show increased expression of particular
invasion-related genes in switched parasites, as well as a large number
of genes encoding proteins that are either exported or form part of the
export machinery. The genes with most markedly increased expression
included members of the erythrocyte binding antigens (eba), reticulocyte
binding homologues (rh), surface-associated interspersed protein (surfin)
gene families, exported protein family 1 (epf7) and the Plasmodium Helical
Interspersed Sub-Telomeric (phist) gene family. The data indicate changes
in expression of a repertoire of genes not previously associated with
erythrocyte invasion phenotypes, suggesting the possibility that moving
suspension culture may also select for other traits.

ENDOTHELIAL ACTIVATION IS ASSOCIATED WITH DISEASE
SEVERITY ACUTE KIDNEY INJURY AND COGNITIVE
IMPAIRMENT IN PEDIATRIC SEVERE MALARIA

Benson J. Ouma’, John M. Ssenkusu?, Estela Shabani?, Dibyadyuti
Datta*, Robert O. Opoka®, Richard Idro®, Paul Bangirana®, Gregory
Park*, Moses L. Joloba', Kevin C. Kain’, Chandy C. John*, Andrea
L. Conroy*
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and Biostatistics, Makerere University School of Public Health, Kampala,
Uganda, *Department of Pediatrics, University of Minnesota, Minneapolis,
MN, United States, “Ryan White Center for Pediatric Infectious Disease
and Global Health, Indiana University School of Medicine, Indianapolis,
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University College of Health Sciences, Kampala, Uganda, *Department
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Uganda, "Department of Medicine, University of Toronto and University
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Endothelial activation is associated with disease severity in severe malaria
(SM), but the relationship between endothelial activation and long-term
cognitive outcomes in children surviving SM are unknown. Ugandan
children with SM and community children (CC) were prospectively enrolled
from 2008-2013 in Kampala, Uganda. Children underwent neurocognitive
evaluation at enrollment (CC) or hospital discharge (SM) and at 6, 12,

and 24 months follow-up using validated tools. Endothelial activation

was measured on admission samples by ELISA (von Willebrand factor
(VWEF), angiopoietin (Angpt)-1 and-2) or Luminex (SICAM-1, sVCAM-1,
sE-Selectin, P-Selectin). False discovery rate was used to adjust for multiple
comparisons. SM was associated with widespread endothelial activation
compared to CC (p&it0.0001 for all). Using multiple regression analyses
to evaluate the relationship between severe malaria complications and
endothelial activation, acute kidney injury (AKI) was an independent
predictor of changes in VWF, sICAM-1, sE-Selectin, P-Selectin, Angpt-2
(p&it0.0001 for all). Using linear mixed effects modelling, increases in
log,, levels of Angpt-2 were associated with worse cognition independent
of disease severity (presence of coma, number of seizures, AKI), and
sociodemographic factors (adjusted p&it0.05). Angpt-2 levels were
associated with increases in sequestered parasite biomass, acidosis
(lactate), markers of hemolysis (LDH, total bilirubin), inflammation

(TNFe, IL-10), increased CSF-to-plasma albumin index, and markers of
neuroinflammation/injury (TNFa., kynurenic acid, Tau) in children with CM
(adjusted p&it0.05 for all). These data support Angpt-2 as an important
mediator of disease severity in malaria that is a risk factor for long-term
cognitive injury.

A PLASMODIUM FALCIPARUM NF54 REPORTER LINE
EXPRESSING MCHERRY-LUCIFERASE IN GAMETOCYTES,
SPOROZOITES AND LIVER-STAGES

Catherin Y. Marin-Mogollon’, Ahmed M. Salman?, Karin M.
Koolen?, Judith M. Bolscher?, Fiona J. van Pul’, Shinya Miyazaki’,
Takashi Imai¢, Ahmad Syibli Othmans®, Jai Ramesar', Geert-Jan
van Gemerté, Hans Kroeze', Severine Chevalley-Maurel', Blandine
Franke-Fayard', Robert W. Sauerwein¢, Adrian V. Hill2, Koen J.
Dechering?, Chris J. Janse', Shahid M. Khan'

'Leiden University Medical Center, Leiden, Netherlands, *The Jenner
Institute, Nuffield Department of Medicine, University of Oxford, Oxford,
United Kingdom, 3TroplQ Health Sciences, Nijmegen, Netherlands,
“Department of Infectious Diseases and Host Defense, Gunma University
Graduate School of Medicine, Gunma, Japan, >Faculty of Health Sciences,
Universiti Sultan Zainal Abidin, Terengganu, Malaysia, *Department of
Medical Microbiology, Radboud University Medical Center, Nijmegen,
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Transgenic malaria parasites expressing fluorescent and bioluminescent
proteins are valuable tools to interrogate malaria-parasite biology and to
evaluate drugs and vaccines. Using CRISPR/Cas9 methodology a transgenic
Plasmodium falciparum (Pf) NF54 line was generated that expresses

a fusion of mCherry and luciferase genes under the control of the Pf
etramp10.3 gene promoter (line mCherry-luc@etramp10.3). Pf etramp10.3
is related to rodent Plasmodium uis4 and the uis4 promoter has been used
to drive high transgene expression in rodent parasite sporozoites and liver-
stages. We examined transgene expression throughout the complete life
cycle and compared this expression to transgenic lines expressing mCherry-
luciferase and GFP-luciferase under control of the constitutive gapdh

and eefl1a promoters. The mCherry-luc@etramp10.3 parasites express
mCherry in gametocytes, sporozoites and liver-stages. While no mCherry
signal was detected in asexual blood-stage parasites above background
levels, luciferase expression was detected in asexual blood-stages, as well
as in gametocytes, sporozoites and liver-stages, with the highest levels of
reporter expression detected in stage Ill-V gametocytes and in sporozoites.
The expression of mCherry and luciferase in gametocytes and sporozoites
makes this transgenic parasite line suitable to use in in vitro assays that
examine the effect of transmission blocking inhibitors and to analyse
gametocyte and sporozoite biology.

CIRCULATING EXOSOMAL MICRORNAS LET-7I-5P AND
MIR-451A LEVELS ARE DIFFERENTIALLY EXPRESSED IN
SICKLE CELL TRAIT (HBAS), ANEMIA (HBSS) AND HBAA
INDIVIDUALS

Keri Harp', Felix Botchway?, Michael Wilson?, Yvonne Dei-
Adomakoh?, Jonathan K. Stiles', Adel Driss'

"Morehouse School of Medicine, Atlanta, GA, United States, *Korle-bu
Teaching Hospital, Accra, Ghana, *Noguchi Memorial Institute for Medical
Research, Accra, Ghana

Sickle-cell disease (SCD) is a common genetic disorder in about 300,000
newborns globally each year and 50-80% will not survive to adulthood.
The hemoglobin (Hb) allele variant S or C (HbS or HbC) causes sickle cell
anemia when both alleles are inherited (HbSS or HbSC). Sickle cell trait
(SCT) individuals carry one of the hemoglobin variants (HbAS or HbAC)
and have been reported to have a reduced risk of developing severe
malaria compared to HbAA controls. In 2017, there were 200-300 million
cases and 435,000 malaria associated deaths mostly in Africa. Previous
in-vitro studies determined that endogenous microRNAs (miRNAs), such
as let-7i-5p, are differentially expressed in SCD erythrocytes compared

to HbAA and were associated with reduced parasite proliferation. In this
study, we tested the hypothesis that Hb genotypes govern susceptibility
of erythrocytes to Plasmodium infection via exosomal let-7i-5p. Blood
samples, with different Hb genotypes (HbAA, HbAS, HbAC, HbSS, HbSC,
HbCC), with (+) and without (-) malaria, were collected from volunteers
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in Accra, Ghana as part of NIH research projects (1K0O1TW010282,
TROTNS0916161 and 1R25TW009340). Exosomal let-7i-5p (using
RT-gPCR), Complete Blood Counts (CBC) and other clinical data were
compared between Hb genotypes with (+) or without (-) malaria. Exosomal
let-7i-5p was significantly elevated in HbSS (-) compared to HbAA (-) and
HbAS (-) individuals as well as HbAS (+) versus HbAS (). In SCT (-) we
found a correlation between exosomal let-7i-5p expression levels and
some clinical characteristics. These results indicate that elevated levels of
exosomal let-7i-5p in SCD and malaria mediate susceptibility to malaria
and could be used as a predictive biomarker for severe malaria risk.

CEREBRAL MALARIA ASSOCIATED EXPRESSION OF NRG-1 IN
HUMAN BRAIN

Juan Cespedes, Jonathan Stiles, Mingli Liu
Morehouse School of Medicine, Athens, GA, United States

Plasmodium falciparum malaria is associated with 500,000 deaths a year.
Cerebral malaria (HCM) is a neurological manifestation of infection by P
falciparum and accounts for the majority of malaria associated deaths.
CM is associated with increased expression of adhesion molecules,
vascular endothelial dysfunction, sequestration of infected red blood
cells, cerebral edema and disruption of blood brain barrier (BBB) integrity.
Neuregulin-1 (NRG-1), a neurotrophic growth factor has been shown

to attenuate several brain injuries caused by neurotoxin exposure, acute
ischemic stroke, and most recently HCM. NRG-1 is mainly expressed

in neurons, Schwann cells of the nervous system in humans and mice,
human cornea epithelial and stroma cells, and in human/mouse vascular
endothelial cells and cardiomyocytes. Previous assessments of circulating
NRG-1 in serum of survivors and non-survivors of cerebral malaria
indicated a significant decline in NRG-1 concentration compared to that
in mild malaria. It was unclear whether this decline was a result of HCM
induced inhibition or sequestration of NRG-1 at injury sites in brain. In
this study, we assessed distribution of NRG-1 expression in post-mortem
human brain tissues of individuals who died of HCM and compared results
with those who died of non-malaria causes. Our hypothesis is that in
HCM, NRG-1 expression is significantly increased in injured brain areas
matching severity and mortality while its receptor phosphorylated ErbB4
(pErbB4) is decreased. Previous post mortem studies conducted in Ghana,
yielded archived paraffin-embedded sections of brain tissues from cortex,
cerebellum and brain stem. These samples were analyzed quantitatively for
immunoreactive signals of NRG-1 and perbB4 antibody. Results indicate
that NRG-1 expression levels in neurons and blood vessels increased
significantly in HCM postmortem tissues compared to patients who died
of non-malaria causes (p<0.05) suggesting that the observed depletion of
circulating serum NRG-1 in severe disease may be due to sequestration of
NRG-1 brain parenchyma. pErbB4 expression levels significantly decreased
in brainstem neuronal cells

CENTRAL NERVOUS SYSTEM VIRUS INFECTION IN AFRICAN
CHILDREN WITH CEREBRAL MALARIA

Douglas G. Postels’, Lawrence Osei-Tutu?, Karl B. Seydel, Qian
Xu?, Chenxi Li®, Terrie E. Taylor?, Chandy C. John*, Macpherson
Mallewa®, Tom Solomon¢, Robert Opoka’, Tsiri Agbenyega?, Daniel
Ansong?, Lillian M. Khane, Kristoffer E. Leon?, Joseph DeRisi®,
Charles Langelier®, Michael R. Wilson®
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Cerebral malaria (CM) is defined as an otherwise unexplained coma
with malaria parasitemia. The condition predominantly affects African

children and presents with coma, fever, and seizures. Two-thirds of
African children with clinical CM have a malaria specific retinopathy.
Based on autopsy studies, children with retinopathy-positive CM have a
malaria infection exclusively responsible for their iliness. Children dying of
retinopathy-negative CM have non-malarial etiology of deaths. Children
with retinopathy-negative CM were hypothesized to have a non-malarial
etiology of acute illness coupled with asymptomatic malaria parasitemia,
the latter reflecting residence in an area of high transmission intensity.

As children with viral encephalitis have a similar phenotype to those with
CM, our goal was to identify the contribution of central nervous system
(CNS) viral infection to illness in children with retinopathy-negative CM.
We collected cerebrospinal fluid (CSF) from 272 Ghanian, Ugandan, and
Malawian children with CM, and selected CSF from 111 of these children
(38 retinopathy-positive, 71 retinopathy-negative, 2 retinopathy-unknown)
for analysis by metagenomic next-generation sequencing (MNGS). We
found CSF viral co-infections in 7/38 (18.4%) retinopathy-positive children
and in 18/71 (25.4%) retinopathy-negatives. Excluding HIV-1, human
herpesviruses (HHV) represented 75% of viruses identified. CNS viral
co-infection was equally likely in children who were retinopathy-positive
and retinopathy-negative (p= 0.1431). Neither mortality nor neurological
morbidity was associated with the presence of virus (OR=0.276, 95% Cl:
0.056-1.363). Retinopathy-negative children with higher temperature,
lower white blood cell count, or being dehydrated were more likely to
have viral co-infection. Level of consciousness at admission was not
associated with CNS viral co-infection in retinopathy-negative children.
Viral CNS co-infection is unlikely to contribute to coma in children with
CM. The herpesviruses other than HSV may represent incidental bystanders
in CM, reactivating during acute malaria infection.

GLYCOSYLATION OF PLASMODIUM FALCIPARUM
THROMBOSPONDIN REPEATS DRIVES MOSQUITO
TRANSMISSION AND SPOROZOITE VIRULENCE

Sash Lopaticki', Charlie Jennison’, Nichollas Scott?, Alan John',
Annie Yang', Matthew O’Neill’, Norman Kneteman?, Ethan
Goddard-Borger’, Justin Boddey'

'Walter and Eliza Hall Institute of Medical Research, Melbourne, Australia,
2University of Melbourne, Melbourne, Australia, *University of Alberta,
Edmonton, AB, Canada

Apicomplexans are the only known unicellular organisms that express
proteins bearing thrombospondin repeats (TSRs), ancient protein modules
that are stabilized by O- and C-glycosylation in metazoans. However,

other than the installation of GPI anchors, it was long believed that
malaria parasites do not glycosylate their proteins. Recently, the presence
of O- and C-glycosylation was identified on the TSRs of CSP and TRAP

in Plasmodium falciparum and PR vivax sporozoites, which was a major
advance for studying the glycobiology of malaria parasites and for vaccine
design. We subsequently showed through genetic disruption of the
O-glycosylation pathway in P falciparum that this modification functionally
stabilizes virulence proteins during infection of the mosquito midgut
epithelium and human hepatocytes in humanized mice. However, the roles
and glycosylation states of most parasite TSR proteins remain unknown,

as does the function of C-glycosylation in the malaria lifecycle. Of the
different types of protein glycosylation, C-glycosylation is unique because
of the unusual C-C linkage formed between sugar (mannose) and target
protein (tryptophan). Here, we identify new substrates that are O- and
C-glycosylated in P falciparum and demonstrate the functional importance
of these modifications for sexual development, transmission to mosquitoes
and virulence of sporozoites in humanized mice. By genetically disrupting
the C-glycosylation pathway, we reveal hitherto unknown essential roles of
tryptophan-mannosylation in the P falciparum lifecycle. Our study shows
that O- and C-glycosylation of TSR proteins comprises a protein quality
control mechanism that has evolved to drive parasite-host interactions
necessary for transmission and virulence of P falciparum, the etiological
agent of the most lethal malaria.
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STUDY OF ANTI-MALARIAL DRUG RESISTANCE USING THE
MUSE® RBC INVASION ASSAY

Kimvan Tran, Kamala Tyagarajan
Luminex Corporation, Hayward, CA, United States

The increasing resistance of malaria parasites to common anti-malarial
drugs is a major concern for controlling the disease. The evolution

of rapid, simple methods that can be used in diverse environments

can help facilitate the discovery of new anti-malarial drugs. Current
approaches include DNA-binding dyes and fluorometric approaches that
result in loss of intact and parasitized cells. Flow cytometry can provide
information on the percentage of parasitized cells; however, the cost
and complexity of current instrumentation has been prohibitive for use
in many environments. We have developed the research use only Muse
RBC Invasion Assay on the easy to use, low-cost Muse Cell Analyzer.
The assay allows for the determination of the percentage of the RBCs
invaded by Plasmodium parasites. The assay has been used for routine
monitoring of RBCs infected by different Plasmodium falciparum strains,
such as 3D7, D10, and Dd2 strains, as well as in vitro drug susceptibility
studies. In this study, the in vitro impact of anti-malarial drugs on different
Plasmodium falciparum strains was studied using the Muse RBC Invasion
Assay. In particular, we looked at the dose response of chloroquinine and
mefloquinine on 3D7 and Dd2 strains, and the impact on invaded RBC
percentages. The IC50 for chloroquinine was 18.8 nM for 3D7 and 104
nM for Dd2 strains in this study, while mefloquine had IC50’s in similar
ranges for both strains. Our results demonstrate that the 3D7 strain
showed susceptibility to chloroquine at low doses, while the Dd2 strain
was resistant and only showed response at higher drug concentrations.
Additional studies should help characterize the impact of more recent
artemisinin drugs such as dihydroarteminisin on both strains. The studies
performed demonstrate the importance of performing in vitro screening
of antimalarial drugs on multiple strains, in order to truly characterize
their action and utility. The Muse RBC Invasion Assay can be a useful

and accessible method to characterize the in vitro impact of anti-malarial
drugs, and can be a powerful drug discovery and development tool for
malarial researchers.

®

ARTEMISININ RESISTANCE MARKER OF PLASMODIUM
FALCIPARUM IN OSOGBO METROPOLIS, SOUTH WEST,
NIGERIA

Sulaiman Adebayo Nassar
Ladoke Akintola University of Technology, Ogbomoso, Nigeria

Artemisinin derivatives constitute a key component of the present-

day treatment for plasmodiumfalciparum malaria and rsesistance with
artemisinins is generally associated with S769N point mutation in the
sarco-endoplasmic reticulum-dependant ATPase6 (SERCA ATPase6) gene
of Plasmodium falciparum. However, few studies have been carried on the
current level baseline and level of mutation of this drug in Nigeria most
especially in Osun State. The present study determined the distribution of
plasmodiumfalciparum and resistance marker for artmisinins drugs from
the blood smears of 60 randomly sampled patients attending LAUTECH
Teaching Hospital , Osogbo ,Osun state after obtaining ethical clearance
from the relevant authority. The entire study period was divided into Pre-
Treatment ,drug administration and post -Treatment phases .Blood smears
of 70 consented participants were assessed microscopically using Giemsa
ststaining technique for parasite identification and parasitaemia.. Samples
found to have parasitaemia after drug administration were amplified

and assessed for distribution of the PfATPase6 S769N mutation using
Polymerase Chain Reaction (PCR) . 28 out of 30 samples subjected to PCR
had successful amplification. However, none of the amplified samples
harboured the PfATPase6 S769N mutation, suggesting 100% sensitivity
of P. Falciparum population examined at the study area. There is therefore
need for continuous surveillance for earlier detection of resistance as the
use of ACT isbeing scaled up in the country.

SELECTION OF PLASMODIUM FALCIPARUM DRUG
RESISTANCE MARKERS POST-ACT INTRODUCTION AND
A NEARLY COMPLETE REVERSION TO CHLOROQUINE
SENSITIVITY

Kevin Wamae', Dorcas Okanda’, Leonard Ndwiga', Victor
Osoti', Kelvin Muteru', Abdirahman Abdi?, Philip Bejon?, Colin
Sutherland?, Lynette I. Ochola-Oyier?

'KEMRI-Wellcome Trust Research Programme, CGMRC, Kilifi, Kenya,
2KEMRI-Wellcome Trust Research Programme, CGMRC/Pwani University
Bioscience Research Centre, Pwani University, Kilifi, Kenya, *KEMRI-
Wellcome Trust Research Programme, CGMRC/Nuffield Department of
Medicine, Centre for Clinical Vaccinology and Tropical Medicine, Churchill
Hospital, University of Oxford, United Kingdom, Kilifi, Kenya, *Department
of Immunology and Infection, Faculty of Infectious Diseases, London
School of Hygiene & Tropical Medicine, London, United Kingdom/PHE
Malaria Reference Laboratory, London School of Hygiene & Tropical
Medicine, London, United Kingdom, Kilifi, Kenya

The emergence and spread of artemisinin resistance in South East Asia are
of great concern as drug resistance renders drugs ineffective in the fight
against malaria. Additionally, resistance to previous first-line treatments,
including chloroguine (CQ) and sulfadoxine-pyrimethamine (SP), was
imported to Africa from South East Asia. Genetic markers of resistance
are important molecular epidemiological tools used for early detection
and monitoring of the spread of drug-resistant parasites. We carried out
a temporal analysis of changes in allele frequencies of 8 drug resistance
markers and 4 putative artemisinin resistance background markers over
two decades of changing anti-malarial drug policy in Kenya. Using the
crt-76 and mdr1-86 and mdr1-1246 molecular markers, we found that
the withdrawal of CQ and SP as first-line treatment in Kenya shifted

the parasite population from CQ resistant to a nearly fixed (99%) CQ
sensitive population. On the other hand, dhps mutations associated with
SP resistance (A437G and K540E) were maintained at a high frequency
(greater than 75%). Something that may be attributable to the fact

that SP is still readily available in Kenya, with a recent survey reporting a
market share of 57% in the private sector. We did not detect any of the
artemisinin resistance markers nor the background mutations that precede
artemisinin resistance except mdr2 1492V mutation. However, we show
a gradual decline in the novel nfs (K65 allele) marker, which potentially
confers resistance to lumefantrine, from 38% to 20% with a significant
allele frequency difference pre- and post-ACT introduction. In summary,
the high frequency of CQ sensitive parasites circulating in the population
supports the on-going debate on re-introduction of chloroquine for the
treatment of malaria and the impact of the decreasing frequency of nfs
(K65 allele) on the efficacy of Artemether-Lumefantrine combination
warrants close monitoring.

INFLUENCE OF OXYGEN AND CARBON DIOXIDE ON
PLASMODIUM FALCIPARUM IN VITRO RESISTANCE TO
ARTEMISININ

Sandra Duffy, Vicky M. Avery
Griffith University, Brisbane, Australia

With the goal of malaria eradication firmly on the table, several aspects
are undermining this, including the resurgence of malaria cases in

some malaria endemic countries and artemisinin combination therapy
(ACT) failure within the greater Mekong subregion of Asia. Plasmodium
falciparum (Pf) ACT resistance presents as a slow parasite clearance time
(> 5 hours) in vivo and in vitro greater than 1% survival of early ring

stage parasites, 0-3 hours post red blood cell invasion, after a 6-hour
dose of 700nM of artemisinin derivative (ART). Both these phenotypes

are correlated to mutations within the PfK13 propeller domain, but not
exclusively as some genetic predisposition is proposed to pre-empt the K13
mutation acquisition. The in vitro acquisition of K13 mutations through
escalating ART challenge has only resulted from one study where O, levels
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throughout incubation were 21% in comparison to 1-5% in other studies.
Routinely the in vitro culture of Pf utilizes a single gaseous environment
that is constant and maintained at, for example, 5% O, and 5% CO,.
However, in vivo the gaseous microenvironment has a diverse range

of concentrations and ratios of O, and CO, depending on the location
within the circulatory system and the presence of certain pathologies. To
study the impact of alterations in the gaseous environment on parasite
susceptibility to ART, the ring stage survival assay (RSA) was performed on
Pf parasites, designated resistant or sensitive (K13 mutant or WT), cultured
under different O, and CO, concentrations. To advance knowledge on

the effect changing gaseous environments has on ART sensitivity and
resistance at different stages of Pf asexual lifecycle, the RSA was also
performed at a range of O, and CO, concentrations at selected times post
red blood cell invasion. The effects of gaseous environments on parasite in
vitro resistance and susceptibility profiles, relationship to K13 mutations,
and biological evaluation of the underlaying mechanisms behind the
altered responses will be discussed.

PREVALENCE OF ANTIMALARIAL DRUG RESISTANT MARKERS
IN KWARA, NORTH-CENTRAL, NIGERIA: A DECADE AFTER
REPLACEMENT OF CHLOROQUINE AND ANTIFOLATES AS
FIRST-LINE REGIMEN

Olugbenga Akinola’, Daniel E. Egboro?, Ese lyenmoana?, Bukola
F. Abdulkadir?, Yusuf O. Yakub?, Abimbola A. Adeosun?, Hidayah
A. Olumo-Abdul, Chairat Utaipibull’, Olusola G. Gbotosho*

'National Center for Genetic Engineering and Biotechnology (BIOTEC),
Khlong Luang, Pathum thani, Thailand, *Department of Pharmacology and
Therapeutics, University of llorin, llorin, Kwara State, Nigeria, *Department
of Pharmacology and Toxicology, University of llorin, llorin, Kwara State,
Nigeria, “Department of Pharmacology and Toxicology, University of
Ibadan, Ibadan, Oyo State, Nigeria

The emergence of “super malaria” parasites, resistant to artemisinins
based combinations (ACT), portend danger to malaria control efforts.
While measures to curtail the spread must be addressed, preparedness,
also becomes necessary. One premonition is to evaluate background status
of parasites resistant to previously used drugs, especially as artemisinin
resistance selects for sensitive alleles of chloroquine resistant markers.

This study was designed to establish the current profile of Plasmodium
falciparum resistant markers of chloroquine (Pfcrt), pyrimethamine (Pfdhfr)
and Pfmdr1 in field isolates. In a cross sectional survey, 305 participants
were enrolled from four communities in Kwara state, Nigeria. Participants
were randomly tested for malaria infections, using rapid diagnostic
detection. Parasite densities were determined from thick blood smears

by microscopy. Dried blood spots samples were collected on Whatman
FTA cards, from which parasite genomic DNA was extracted. Polymerase
chain reaction (PCR) and restriction fragment length polymorphism were
conducted on genomic samples. The prevalence of P falciparum infections
by microscopy was 22.30% (68/305), with a PCR corrected value of
23.28% (71/305). P falciparum chloroquine resistant transporter (Pfcrt)
mutation (K76T) was predominantly significant (p<0.05) in all positive
samples (100%), compared to 56% and 38%, for dihydrofolate reductase
(Pfdhfr) primary point mutation (S108N) and the P falciparum multidrug
resistant gene (Pfmdr1) mutation (86Y), respectively. Background
detection of Pfcrt wild-type K76 was recorded in 41% (29/71) of the
positive samples. More than ten years after withdrawal of chloroquine
(CQ) and PYR from first-line treatment of malaria in the region, there is
still a strong presence of resistant markers to these drugs in P falciparum
isolates. However, the presence of CQ sensitive strains in mixed population
with resistant cousins may suggest development of reversal processes

by parasites probably due to fitness cost in the absence of chloroquine
and/ or evolving mechanisms towards artemisinin resistance due to ACT
pressure.

IDENTIFYING MOLECULAR MARKERS OF PLASMODIUM
FALCIPARUM ARTEMISININ RESISTANCE USING THE CRISPR-
CAS9 GENOME EDITING SYSTEM

Oheneba Charles Hagan
University of Ghana, Accra, Ghana

The emergence and spread of P falciparum to artemisinin and the
artemisinin combination therapy partner drugs threatens to upend the
gains made by the control program in recent times especially in Africa.
With hindsight from the devastation chloroquine and sulphadoxine-
pyrimethamine resistance wreaked in Africa due to an unprepared public
health system, real time monitoring of resistance has therefore been
recommended in other to forestall any similar occurrence. Monitoring

of the molecular markers of resistance is less logistically and financially
constraining compared with in vivo and in vitro monitoring especially

in resource limited setting. However, the kelch 13 molecular markers

for monitoring artemisinin resistance have arisen independently, with
multiple mutations either conferring resistance or otherwise. Gene-editing
system has previously been utilised to validate some of these mutations,
we therefore undertook to use the CRISPR-Cas9 genome editing system
validate kelch 13 mutations detected from recrudescing parasites sampled
from the monitoring sentinel sites in Ghana. We have successfully edited
kelch 13 V568G and C580R previously detected in Ghana in addition to
C580Y and R539T commonly found in Southeast Asia and C580C (silent
mutation) into Dd2 P, falciparum strain. We utilised a single plasmid system
carrying a chimeric short-guide RNA, a codon-optimised Cas9 sequence
and a donor DNA.Cloning by limiting dilution method has been used to
clone out isogenic parasites, which would be utilised to perform ring stage
survival assay to validate these mutations. In addition, conventional SYBR
green drug assays of commonly used antimalarial, fitness and growth
assays.

THERAPEUTIC RESPONSE OF SINGLE PLASMODIUM
FALCIPARUM SPECIES VERSUS MIXED SPECIES INFECTIONS
TO ARTEMETHER-LUMEFANTRINE AS COMPARED TO
OTHER ARTEMISININ COMBINATION THERAPIES IN KISUMU
COUNTY, WESTERN KENYA

Gladys C. Chemwor’, Hoseah M. Akala’, Benjamin H. Opot’,
Raphael O. Okoth', Redemptah M. Yedah', Agnes C. Cheruiyot!,
Irene Onyango', Dennis W. Juma', Ben Andagalu’, Jim R.
Managbanag?

'Department of Emerging Infectious Diseases (DEID), United States Army
Medical Research Directorate-Kenya (USAMRD-K), Kenya Medical Research
Institute (KEMRI), Kisumu, Kenya, 2United States Army Medical Research
Directorate-Kenya, Kisumu, Kenya

Information on treatment outcomes of infections comprising non-
falciparum species is scanty despite it being reported to be responsible for
around 25% of imported malaria from Africa. The recommended first line
treatment in Africa is artemether-lumefantrine (AL) with dihyroartemisinin-
piperaquine (DHAPPQ) as second line whereas in Asia, artesunate-
mefloquine (ASMQ) is the preferred choice of treatment. The aim of this
study was to compare the treatment outcomes of mixed Plasmodium
species versus pure falciparum species infections during dosing with AL,
DHAPPQ & ASMQ. Samples collected at hours 0, 4, 8, 24 and 30 from
individuals enrolled in an ACT efficacy study in Kisumu County, Western
Kenya, between 2013 and 2015 were analyzed for species composition
using real time polymerase chain reaction (rt-PCR). The assay targeted
detection of Plasmodium falciparum (Pf), Plasmodium malariae (Pm),
Plasmodium ovale curtisi (Poc) and Plasmodium ovale wallikeri (Pow).
Therapeutic response was evaluated using parasite clearance parameters
as well using the World Health Organization criteria and compared with
species composition of each infection. Recurrent parasitemia for the
subsequent time points specifically hours 24 and 30 was also characterized
to rule out re-infection. There was a steady decline in parasites for
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infections comprising Pf species alone following administration of AL

and ASMQ as opposed to those comprising Pf and other species. Pow
frequency persisted in the subjects treated with AL in all the time points
with an increase at hour 8 whereas for ASMQ, it appeared at hour four
and eight then cleared completely. Pm seems to have been cleared early
at hours 4 and 8 for AL and ASMQ respectively. Data analysis for DHAPPQ
is in progress. Obtaining more information and continued monitoring

of non-falciparum malaria during implementation of ACTs is therefore
warranted to advise clinical intervention and align them to solving
challenges of increasing traveler malaria.

SELECTIVE IMPACT OF ARTESUNATE-AMODIAQUINE

AND ARTEMETHER-LUMEFANTRINE THERAPIES ON THE
POLYMORPHISM OF PFCRT K76T, K13 PROPELLER AND
PFMDR1 (CODONS 86 AND 184) GENES IN THREE MALARIA
SENTINEL SITES IN COTE D'IVOIRE

Abibatou Konate, Paterne Akpa Gnagne, Valerie A. Bedia, Herve
Menan, William Yavo

Felix Houphouet boigny University, Abidjan, Cote D’lvoire

Plasmodium falciparum resistance to most of antimalarial drugs including
the more recent is a concern to malaria elimination. Despite their adoption
for the treatment of uncomplicated malaria in Céte d'lvoire, there is

few information regarding the selective impact of artemisinin-based
combination therapies (ACTs) on Plasmodium falciparum strains circulating
in the country. The present study aimed to assess pfcrt K76T, K13 propeller
and Pfmdr1 (codons 86 and 184) mutations before and after treatment
with artesunate-amodiaquine (ASAQ) or artemether-lumefantrine (AL) in
three sentinel site for malaria monitoring in Cote d'lvoire. P falciparum
infected samples were collected in 2013,2014 in Abidjan and 2016 in
Abengourou and San Pedro through routine monitoring of antimalarial
drug’s efficacy. Only patients with treatment response were included in
this study. Samples collection concerned Day 0 before treatment and the
day of recurrent parasitaemia during the 42-day follow-up. The single
nucleotide polymorphism in the pfcrt (codon 76) gene was analyzed PCR-
RFLP after Plasmodium DNA extraction while K73 propeller and Pfmdr1
genes were analyzed by sequencing. Overall 340 samples were genotyped
i.e. 322 from DO and 18 at follow-up day. No recrudescence was observed
in ASAQ arm. For Pfcrt K76T, a selection of mutant strains by both
therapies was found. The analysis of Pfmdr1 gene showed a selection of
mutant strains Pfmdr1 86Y (11.1%) and Pfmdr1 184F (66.7 %) in case of
new infestation after ASAQ treatment. After treatment with AL, in case

of recrudescence, the wild-type strains of Pfmdr1 N86 (100%) and Y184
(42.9%) were selected. This trend was the same in case of new infestation.
As regards the K73 propeller gene, no mutation was found after treatment
by ASAQ as well as AL. This study shows an antagonism in the selection of
strains by ASAQ and AL associations. This demonstrates the benefit of the
use of several antimalarial drugs as first-line treatments which could lead
to the delay the apparition of chemoresistance.

EVALUATING THE ANTIMALARIAL ACTIVITY OF GOSSYPOL,
A NATURAL PRODUCT AGAINST PLASMODIUM FALCIPARUM

Jersley Didewurah Chirawurah, Yaw Aniweh, Gordon A.
Awandare

West African Center for Cell Biology of Infectious Pathogens and
Department of Biochemistry, Cell and Molecular Biology, University of
Ghana, Legon, Accra, Ghana

Gossypol is a natural product from cotton seeds that has been shown

to have good antimalarial activities against both chloroquine resistant
and susceptible Plasmodium falciparum parasite strains. However, the
target and mechanisms of action of this compound have not been clearly
demonstrated. This study first evaluated the potency of gossypol using
laboratory strains and clinical isolates of Plasmodium falciparum parasites.
This was followed by the selection of resistant parasites against gossypol
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for studying the mechanisms of resistance to this compound. The gossypol
resistant parasites (P falciparum Dd2 background) were subsequently
screened against Chloroquine, Dihydroartemisinin (DHA) and three Malaria
Box compounds (MMV006087, MMV085203 and MMV008956). A total
of six (6) laboratory strains and eight (8) clinical isolates of P falciparum
were screened against gossypol using optimized growth inhibitory assays.
Additionally, gossypol resistant Dd2 strains were selected (using media
containing 3.5 uM gossypol) and screened against Chlorogquine, DHA

and the three Malaria Box compounds.The results from this study suggest
gossypol was more efficacious against the clinical isolates (IC, value of
5.108 uM) compared to the laboratory strains (IC value of 6.1135 pM).
Interestingly, the gossypol resistant Dd2 parasites were observed to be
more sensitive after three months (IC, value changed from 5.049 pM to
2.599 uM) and then resistant after six months (IC, value changed from
2.599 uM to 14.94 uM). The gossypol resistant Dd2 parasites were also
observed to be more sensitive to chloroquine, DHA and the three Malaria
Box compounds compared to their parental strains.The results from this
study suggest gossypol might possess an interesting mechanism of action
and potentially new targets. Further experiments are currently underway
to determine the mechanisms modulating the sensitivity in the gossypol
resistant Dd2 strains. This work will be instrumental in identifying novel
targets in P falciparum parasites, which is critical for the discovery of novel
antimalarial compounds against drug resistant malaria parasites.

GENETIC DIVERSITY OF PLASMODIUM FALCIPARUM
PARASITES IN PREGNANT AND NON-PREGNANT WOMEN
AND POTENTIAL RESISTANCE TO ANTIMALARIAL DRUGS IN
KENYA

Brenda Makena Mugambi
US Army Medical Research Directorate Africa-Kenya, Kisumu, Kenya

Malaria infection during pregnancy has detrimental effects owing to
decreased immunity to malaria. In high transmission regions most
individuals are presumed malaria-immune; non-pregnant women have
been shown to have faster parasite clearance compared to pregnant ones.
This suggests non-immune environment in pregnant women may select
for parasite populations associated with resistance to artemisinin. This
study will determine genetic variations in Plasmodium falciparum parasites
in pregnant versus non-pregnant women. Blood samples were collected
at hours 0, 8, 24 and days 7 and 28 from 75 malaria positive women; 25
pregnant in second trimester (arm1), 25 pregnant in third trimester (armz2)
and 25 non-pregnant (arm3); enrolled in an artemisinin combination
therapy efficacy study in Ahero, Kenya. All samples were diagnosed for
malaria using 18s rRNA rtPCR. Genotyping for both merozoite surface
proteins 1 and 2 was done to determine recrudescence and reinfection.
Single nucleotide polymorphisms (SNP) genotyping for K13, Pfmdr1,
Pfdhfr, Pfdhps and Pfcrt genes was done to determine mutations in
parasites with varying clearance using Sanger sequencing and MassARRAY.
Additionally, microsatellite genotyping using 12 markers was performed to
determine genetic variations in parasites between the two populations. Of
the 75 women; 45 consisting n=15 arm 1, n=12 arm 2 and n=18 arm 3
had samples at all study time points merited to be included in the analysis.
The 45 individuals comprised: Hr 0=100.0%; Hr 8=84.4%; Hr 24=26.7%;
Day 7=24.4% and Day 28=4.4% samples positive for Plasmodium. P
falciparum species were observed in: Hr 0=44.4%; Hr 8=44.7%; Hr
24=8.3%; Day 7=0% and Day 28=0% samples. Samples positive for
Plasmodium on days 7 and 28 were confirmed as reinfections based on
MSP genotyping. A total of 225 samples including all subsequent positives
have proceeded to MassARRAY, Sanger sequencing and microsatellites
genotyping. Findings of this study will present genotypic properties of
malaria parasites in pregnant and non-pregnant women and advise on
expression of genes associated with resistance to artemisinin among the
three arms.
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DRUG USE IN THE MANAGEMENT OF SEVERE MALARIA IN
PUBLIC HEALTH FACILITIES IN DEMOCRATIC REPUBLIC OF
CONGO

Aline Biongo Engo, Nsengi Ntamabyaliro, Didier Bomene Nzolo,
Yves Ntamba Lula, Gaston Lutete Tona

Clinical Pharmacology Unit, Kinshasa, Democratic Republic of the Congo

Democratic Republic of the Congo (DRC) is the second most affected
country by malaria deaths. National Policy recommends the usage of
Injectable artesunate or quinine for the management of severe malaria.
These drugs, especially injectable artesunate have shown to be effective
and safe. The increased number of deaths in DRC may be due to many
factors, including irrational use of drugs. The study was conducted in

all previous eleven provinces of DRC in 2014. One Referral hospital one
Urban Health Centre and one Rural Health Centers were selected in each
of the Provinces. In each of the Health Facilities, 100 randomly selected
medical files containing the prescription of an antimalarial drug from
January to December 2013 were reviewed. For each file, the following
variables were recorded: age of patient, diagnosis of malaria (clinical and
parasitological), treatment and issues of treatment. Descriptive analysis
were performed. Out of the 3254 files collected, 531(16, 2%) concerned
complicated malaria. Children under five year of age represented 52.7 %
of patients affected by severe malaria. Parasitological confirmation of
diagnosis have been made by thick smear in 228 patients (43%) and Rapid
diagnostic tests (RDTs) in 126(24 %). Treatment of positive parasitology in
51, 4%, treatment despite negative parasitology in 12, 2%. Quinine was
used in 465 patients (87, 6 %) but was never associated with Doxycycline
or Clindamycin as recommended by National Malaria Program. Apart
from antimalarials, patients received an average of 3.9 other drugs among
which antibiotics (73.2%), antalgics (48.6%), anemia drugs (22.8%) and
corticosteroids (16.8%). Seventy-four patient (14%) patients received
blood transfusion. After treatment, 168(3, 6%) patient were cured and
3, 4% died; the issue was not known for 63, 8%. Deaths rates seems to
be higher in patient concomitantly treated with corticosteroids (9, 4%)
(p=0, 000815) Treatment of malaria is not complete in almost all cases.
Numerous concomitant medications are added. There are significantly
more deaths in patients treated by corticosteroids. Determinants of this
irrational use need to be assessed.

PATIENTS’ ADHERENCE TO MALARIA TREATMENT IN
DEMOCRATIC REPUBLIC OF THE CONGO

Pierre-Michel Nsengi Ntamabyaliro', Didier B. Nzolo', Aline B.
Engo’, Yves N. Lula’, Samuel M. Mampunza', Eric S. Mukomena?,
Gaston Lutete Tona'

Clinical Pharmacology Unit, Faculty of Medicine, University of Kinshasa,
Kinshasa, Democratic Republic of the Congo, *National Malaria Program,
Kinshasa, Democratic Republic of the Congo

Irrational use of antimalarials in Health facilities is probably hampering
the fight against malaria in the Democratic Republic of the Congo (DRC)
as shown by a survey conducted in 2014. However, the use of these
drugs by the community the adherence of patients to treatment need

to be assessed as well in order to have a better picture of the use of
antimalarials in DRC. A survey was conducted in December 2017 in all
the 11 previous provinces of DRC. In each of them the catchment area
of one Rural and one Urban health center were selected. In the selected
area, all the household which had had a case of malaria in the 15 days
before the survey were selected and the patient or the caring person were
interviewed. For all antimalarial that had been prescribed the adherence
(considered as non-interruption of treatment before its end) and reasons
for treatment interruption were recorded. A total of 1987 households
were interviewed. Patients received an average of 3.1 drugs among
which the drugs recommended by the National Malaria Control program,
Artesunate/amodiaquine (ASAQ), artemether/Lumefantrine (AL) and
Quinine were the most cited. Treatment with Quinine was interrupted

in 33% of cases (259/790), ASAQ in 16.1% (106/658) and AL in 5.9%
(15/255). Reasons for interruption of quinine and ASAQ were most of

the time adverse events (51.9% and 60.0% respectively). Adherence

to Quinine and ASAQ are low. Adverse events are the major cause of
interruption of treatment for the drugs used in the management of
malaria especially Quinine and ASAQ. The impact of this in this need to be
monitored. Management of adverse events need to be considered at the
initiation of antimalarial treatment.

INCREASED GLUTATHIONE PRODUCTION CONTRIBUTES TO
THE MECHANISM OF ARTEMISININ RESISTANCE IN KELCH13-
MUTANT PLASMODIUM FALCIPARUM

Darren J. Creek, Amanda De Paoli, Ghizal Siddiqui
Monash University, Parkville, Melbourne, Australia

Artemisinin and its derivatives (ARTs) underpin the most effective
treatments for uncomplicated Plasmodium falciparum malaria. However,
resistance to ARTs is becoming increasingly prevalent and the cellular
mechanism of resistance requires further elucidation. Untargeted
metabolomics and peptidomics analysis of PfKelch13-mutant P falciparum
revealed a down-regulation of haemoglobin digestion, and an increased
abundance of key antioxidant molecules such as glutathione (GSH) and its
precursor gamma-glutamyl cysteine in ART-resistant parasites. We propose
that these differences enhance the ability of ART-resistant parasites to
ameliorate ART-induced free radical damage, as glutathione conjugation
has been shown to function as a detoxification mechanism for many drugs
that act via the generation of reactive intermediates. This study further
investigated the role of glutathione in PfKelch13-mediated ART resistance
in P falciparum parasites using metabolomics, and tested whether
inhibition of this detoxification system can be a strategy for modulation of
resistance to ART. ART-resistant isolates were incubated with buthionine
sulphoximine (a gamma-glutamylcysteine synthetase inhibitor) and
sulfasalazine (a cysteine transport inhibitor) in order to inhibit glutathione
production. Pre-incubation with these compounds increased ART ring-
stage activity in the ART-resistant parasites (40% survival decreased to
18%, p < 0.05) to a level of activity comparable to sensitive isolates. On
the contrary, pre-incubation of ART-sensitive parasites with the glutathione
precursor, N-acetylcysteine, was sufficient to reduce ART ring-stage
activity to a level comparable to the resistant parasites. This confirmed
that anti-oxidant capacity plays a key role in the cellular mechanism of
ART resistance. In conclusion, we have identified altered glutathione
metabolism as a major contributing factor to the mechanism of PfKelch13-
mediated ART resistance. Furthermore, the in vitro ART resistance
phenotype can be reversed by inhibiting this detoxification system.

EVALUATION OF THERAPEUTIC EFFICACIES OF
ARTEMETHER-LUMEFANTRINE AND DIHYDROARTEMISININ-
PIPERAQUINE FOR THE TREATMENT OF UNCOMPLICATED
PLASMODIUM FALCIPARUM AND CHLOROQUINE AND
DIHYDROARTEMISININ-PIPERAQUINE FOR UNCOMPLICATED
PLASMODIUM VIVAX IN FECTION IN ETHIOPIA

Ashenafi Assefa’, Hussein Mohammed', Anjoli Anand?, Heven
Sime’, Mekonnen Tadesse3, Yehualashet Tadesse?, Samuel Girma?,
Worku Bekele®, Kebede Etanas, Bereket Hailegiorgis Alemayehu?,
Hiwot Teka*, Matthew Murphy#, Hiwot Solomon¢, Adugna
Woyessa', Jimee Wang’
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Artemisinin-based combination therapy has been used for the treatment
of uncomplicated malaria in Ethiopia since 2004. The national malaria
diagnosis and treatment guidelines employ a species-specific approach for
malaria treatment. Artemether-lumefantrine (AL) and Chloroquine (CQ) are
the first line treatments for Plasmodium falciparum (Pf) and P vivax (Pv),
respectively. In this study, we report the clinical and parasitological efficacy
of AL and dihydroartemisinin-piperaquine (DP) against uncomplicated

Pf, and of CQ and DP against uncomplicated Pv infections. The WHO
guideline for monitoring antimalarial drug efficacy was followed for 42
days. The study was conducted from October 2017-February 2018 in two
sentinel sites in Ethiopia. A total of 379 patients were enrolled in four
arms (n = 106, AL/Pf; n = 75, DP/Pf; n = 142, CQ/Pv; n = 56, DP/Pv). Only
patients above 18 years were enrolled for the DP arms. High cure rate was
observed at 28 days (PCR uncorrected): 98% in AL/Pf (95% Cl: 93-100);
98% in CQ/Pv (95% Cl: 94-100). Efficacy at 42 days was 94% in AL/Pf
(95% Cl: 87-97), and 82% in CQ/Pv (95% Cl: 75-88). There was 100%
adequate clinical and parasitological efficacy in the DP/Pf and DP/Pv arms
up to 42 days. For secondary endpoints, 98% (95% Cl: 93-100) of AL/

Pf patients cleared parasites and 99% were afebrile by day three. For all
other arms, 100% of patients cleared parasites and were afebrile by day
three. Early treatment failure was not detected in any arm. No severe
adverse event was observed with a slight hematological recovery in all
arms. Despite pending PCR corrected failure rates which will be available
shortly, the results support the efficacy of the current anti-malaria drugs
used by the malaria control program in Ethiopia. In addition, DP appears
to be a good alternative for the treatment of both species. The high
recurrence rate observed for Pv with CQ after 28 days is concerning, and
highlights the importance of providing anti-relapse therapy.

EFFICACY AND TOLERABILITY OF ARTEMISININ- AND
QUININE-BASED TREATMENTS FOR UNCOMPLICATED
FALCIPARUM MALARIA DURING PREGNANCY: A WWARN
INDIVIDUAL PATIENT DATA META-ANALYSIS

Makoto Saito’, Rashid Mansoor', Kalynn Kennon', Anupkumar
R. Anvikar?, Elizabeth A. Ashley3?, Daniel Chandramohan?, Lauren
Cohee’, Umberto D’Alessandro®, Blaise Genton’, Elizabeth Jumag,
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Highly efficacious treatment is required to reduce adverse effects for the
mother and fetus from Plasmodium falciparum infection in pregnancy.
The current WHO guidelines recommend quinine- and artemisinin-based
combination therapy (ACT) for first and second/third trimester women,
respectively. There is now a significant body of evidence on the safety of
ACTs in pregnancy, including in the first trimester. However, the current
guidelines are supported by limited evidence on efficacy because pregnant
women have usually been excluded from antimalarial studies. In addition,
there is no fixed guideline for antimalarial efficacy studies in pregnant
women: most study designs have been variably extrapolated from
guidelines for non-pregnant populations; which complicates aggregated
data meta-analysis on efficacy. In an effort to assemble the available
evidence on antimalarial efficacy in pregnancy in a uniform way with data
standardisation for statistical analysis, we conducted a systematic review
and an individual patient data (IPD) meta-analysis of antimalarial efficacy
studies on uncomplicated falciparum malaria in pregnancy. A one-stage
IPD meta-analysis was conducted to identify the factors associated with
PCR-corrected treatment efficacy. IPD of 4968 pregnant women (93%

of the total targeted IPD) from 19 studies (10 in Asia and 9 in Africa)

were analysed. Studied drugs included artemether-lumefantrine (AL,
n=1278), artesunate-mefloquine (n=1028), dihydroartemisinin-piperaquine
(n=874), artesunate-amodiaquine (n=841), quinine monotherapy (n=244),
artesunate monotherapy (n=230), artesunate-sulfadoxine-pyrimethamine
(n=173), artesunate-clindamycin (AC, n=142), artesunate-atovaquone-
proguanil (n=91) and quinine-clindamycin (n=67). Quinine monotherapy
and higher baseline parasitaemia were associated with a higher risk of
failure. Adverse abdominal symptoms and tinnitus were more frequently
observed with quinine compared to AL. Considering the lower efficacy and
lower tolerability, withdrawal of quinine monotherapy from the first-line
treatment for pregnant women should be considered.

THERAPEUTIC EFFICACY OF ARTEMETHER-LUMEFANTRINE
FOR THE TREATMENT OF UNCOMPLICATED PLASMODIUM
FALCIPARUM MALARIA IN COLOMBIA, 2018-2019

Mario Javier Olivera’, Angela Patricia Guerra’, Liliana Jazmin
Cortes’, Roberta Horth?, Jonathan Novoa3, Maria de la Paz

Ade*, Naomi Lucchi?, Dragan Ljolje?, Wilmer Marquino?, Martha
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Artemether-lumefantrine (AL) has been the first-line antimalarial treatment
for uncomplicated Plasmodium falciparum malaria in Colombia since
2010. The World Health Organization (WHO) recommends evaluating
antimalarial treatment regimens every three years in low-endemic
countries to confirm efficacy. To assess the therapeutic efficacy of AL

in uncomplicated P falciparum-infected patients in Quibdo, Colombia,

we conducted a 28-day trial following WHO and Pan-American Health
Organization guidance for antimalarial efficacy surveillance. From July
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2018 to February 2019, febrile patients >5 years old with microscopically
confirmed P falciparum monoinfection and asexual parasitemia 250-
100,000 parasites/uL were enrolled and treated with a supervised

3-day course of AL. The primary endpoint was adequate clinical and
parasitological response (ACPR) on Day 28. We used neutral microsatellites
to differentiate reinfection and recrudescence during the follow-up. Out
of 259 patients offered participation, 86 consented and were ultimately
enrolled, two of those were lost to follow-up, and 84 (97.7%) reached

a valid endpoint: treatment failure or ACPR. One patient had recurrent
infection with low-level parasitemia (12 parasites/ulL) on Day 28. The
parasite responsible for this infection was not isolated on molecular
testing; therefore, this patient was excluded from the microsatellite-
corrected analysis. The uncorrected and microsatellite-corrected ACPR
rates were 98.8 % (83/84) (95% confidence interval [CI]: 93.5-100%)
and 100% (83/83) (95% Cl: 95.7-100%), respectively. In addition, no
patient remained positive on Day 3, which would signal delayed parasite
clearance, commonly associated with artemisinin resistance. AL remains
efficacious for falciparum malaria in Quibdo, Colombia. Due to the time
and effort, 8 months in our study, required to conduct efficacy trials in
low-endemic settings, routine use of molecular markers for antimalarial
resistance could greatly expand the coverage of antimalarial drug efficacy
monitoring.

EFFICACY OF THREE REGIMENS OF CHLOROQUINE AND
PRIMAQUINE FOR THE TREATMENT OF PLASMODIUM VIVAX
MALARIA IN CRUZEIRO DO SUL, ACRE STATE, BRAZIL, 2018-
2019
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Treatment of Plasmodium vivax malaria infections requires the
administration of chloroquine (CQ) and an aminoquinoline, such as
primaquine (PQ), to eradicate hypnozoites, dormant liver forms that can
lead to relapses. The World Health Organization (WHO) recommends

a total PQ dose of either 3.5 mg/kg or 7.0 mg/kg depending on the
expected relapse rates for each region of the world. After reports

of frequent malaria recurrent infections, likely relapses and not new
infections, with the low PQ dose, we evaluated the efficacy of three
regimens of CQ and PQ for the treatment of uncomplicated P vivax
malaria in Brazil. This was a randomized 3-arm study among patients
presenting to malaria diagnostic posts in Cruzeiro do Sul from April 2018
to February 2019. We enrolled patients >5 years of age with microscopy-
confirmed P, vivax monoinfection and no evidence of severe disease.
Patients received CQ under direct observation for 3 days (total dose: 25
mag/kg). After confirmation of normal glucose-6-phosphate dehydrogenase
activity levels, we randomly assigned patients to receive a total PQ dose of
3.5 mg/kg divided over seven days in group 1 (non-observed therapy) and
group 2 (observed), or a total dose of 7.0 mg/kg over 14 days in group 3
(observed). We monitored patients clinically and parasitologically on days
1,2,3,7,14,21, 28, and every 4 weeks until day 168. We enrolled 257
patients: 63 in group 1, 98 in group 2, and 96 in group 3. The median
asexual parasitemia at admission was 3,988 parasites/uL. By day 28, one
patient in group 1, two patients in group 2, and no patient in group 3
presented with P vivax infection; while 21, 33, and 11 presented with P
vivax parasitemia by day 168 in groups 1, 2, and 3, respectively. Adequate
clinical and parasitological response was estimated at 59.6% (95%
confidence interval [Cl], 46.3-73.0%), 57.1% (95% Cl, 46.1-68.2%), and
85.9% (95% Cl, 78.2-93.6%), for groups 1, 2, and 3, respectively. While
all regimens were efficacious for treatment of the acute infection, the
higher WHO-recommended PQ dose was associated with superior efficacy
in preventing recurrent infections within 168 days post treatment.

UNRAVELING NEW ANTIMALARIAL TARGETS

Sonia Moliner Cubel’, Frank Schwach?, Marcus Lee?, Julian C.
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Resistance to all known antimalarial drugs has been reported, highlighting
the urgent need to discover new chemical entities with novel modes of
action. Target based screening is an excellent approach to identify novel
chemical diversity to enable development of new antimalarial drugs.
However, in malaria this approach is restricted due to the limited number
of validated drug targets. One method that has been used extensively in
malaria parasites for target discovery and chemical validation is in vitro
resistance evolution and whole genome sequencing (WGS). In many cases,
new mutations are found in genes that are predicted to encode the target.
Our aim was to follow this strategy with whole cell antimalarial inhibitors
with unknown mode of action to unravel new targets for future target-
based screenings. Antimalarial compounds with good parasitological
profile from several MedChem programs were selected and progress
through a battery of functional and cross-resistance assays to discard
those with already known modes of action. After this triage, in vitro
resistance selection studies under constant drug pressure were performed
for 9 compounds. Resistance selection attempts were succssesful with 3
of them. Degree of resistance was confirmed in IC50 assays. Experiments
were repeated in triplicate to obtain a wider diversity of genotypes and

3 different clones from the 3 independent flasks were isolated from the
resistant pools. Results from WGS of those clones as well as hints toward
the mode of action of the compounds will be presented. The human
biological samples were sourced ethically and their research use was in
accord with the terms of the informed consents under an IRB/EC approved
protocol.

EFFICACY OF ARTESUNATE-AMODIAQUINE AND
ARTEMETHER-LUMEFANTRINE FOR UNCOMPLICATED
PLASMODIUM FALCIPARUM MALARIA IN MADAGASCAR
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Since 2006, artemisinin-based combination therapy has been
recommended to treat uncomplicated malaria in Madagascar. Artesunate-
amodiaquine (ASAQ) and artemether-lumefantrine (AL) are the first- and
second-line treatments, respectively. To understand whether ASAQ

and AL remain efficacious, a therapeutic efficacy study was conducted.
Patients between 6 months and 15 years with uncomplicated Plasmodium
falciparum malaria (1,000-100,000 parasites/ul) were assessed from
May—September 2018 in a 28-day in vivo efficacy trial in two sites:
Ankazomborona (tropical, north) and Matanga (equatorial, southeast).
The 2009 World Health Organization (WHO) protocol for monitoring
antimalarial efficacy was followed. Polymerase chain reaction (PCR)

was used to distinguish recrudescence from reinfection, which allows
determination of the PCR-corrected day 28 efficacy. Assays for molecular
markers of resistance, including K73, Pfcrt, and Pfmdr1, were carried out.
A total of 344 patients were enrolled; 163/170 (96%) in the ASAQ arm
and 166/174 (95%) in the AL arm reached day 28. The day 28 uncorrected
efficacy was 98.2% (95% Cl 94.5-100%) for ASAQ and 93.4% (95%
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C189.7-97.1%) for AL. PCR-corrected analyses are being finalized.
Sequencing was attempted in 85 pre-treatment samples for the K73, Pfcrt,
and Pfmdr1 genes. Of the 83 successfully sequenced samples for the K73
gene, no mutations associated with artemisinin resistance were observed.
Of the 82 successfully sequenced samples for the Pfcrt gene, all were wild
type for codons 72-76. Of the 74 successfully sequenced samples for the
Pfmdr1 gene, a majority carried the NFD (30 single and 7 mixed infections)
and NYD (23 single and 7 mixed infections) haplotypes corresponding to
codons 86, 184, and 1246. Prior to PCR correction, which will eliminate
reinfections from the analysis and reveal an even higher efficacy, this study
indicates that both ASAQ and AL have therapeutic efficacies above the
90% WHO acceptable cut-off. Periodic monitoring of therapeutic efficacy
should continue routinely to ensure these treatments remain efficacious.

MUTATIONS IN PLASMODIUM FALCIPARUM PRO-DRUG
ACTIVATION AND RESISTANCE ESTERASE MEDIATES
RESISTANCE TO A SUB-CLASS OF SESQUITERPENE DIMER
ANTIMALARIAL NATURAL PRODUCTS
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Plasmodium falciparum is the deadliest of the Plasmodium species that
cause human malaria, and the emergence of drug resistant parasites

is a constant threat. Many parasitic mechanisms of drug resistance to
antimalarials have been both observed in nature as well as demonstrated
in vitro. Recently, P falciparum Prodrug Activation and Resistance Esterase
(PARE) was identified and its deactivation implicated in conferring P
falciparum in vitro resistance to antimicrobial pepstatin esters as well

as the benzodiazepine, MMV011438. Our work, suggests PfPARE
deactivation is also a resistance mechanism to the potent antimalarial
ester-containing sesquiterpene dimers: Fortunilide A, Fortunilide E and
Chlorajaponilide C. In addition, we screened the open source compound
libraries called the “Malaria box” and “Pathogen box” using our mutant
resistant cell line. Among these libraries, MMV011438 and MMV011576
presented reduced efficacy in parasites resistant to the sesquiterpene
dimers. Using a combination of in vitro cell-based assays with parasites
harboring mutations in PfPARE gene, recombinant PfPARE enzymatic
assays and whole genome sequencing and analysis, we provide evidence
that mutations in PfPARE confer resistance to the sesquiterpene dimers.
Ex-vivo efficacy studies performed suggest this parasitic mechanism of
resistance to several different classes of small molecules is not currently
found in field isolates. Analysis of structure-resistance relationships of 11
lindenane type sesquiterpene dimers provides insights for possible future
development of these compounds as an antimalarial therapy aimed at
preserving low nanomolar efficacy, high selectivity and circumvent possible
PfPARE mediated resistance.

LONG-TERM EFFECT OF SEASONAL MALARIA
CHEMOPREVENTION WITH AMODIAQUINE PLUS
SULFADOXINE-PYRIMETHAMINE ON MOLECULAR MARKERS
OF RESISTANCE IN OUELESSEBOUGOU, MALI
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Seasonal malaria chemoprevention (SMC) was recommended as policy
for malaria control by the World Health Organization (WHO) in Sahel and
sub-Sahel in 2012 along with monitoring of drug resistance. To assess
the long term impact of SMC on Plasmodium falciparum resistance to
Sulfadoxine-Pyrimethamine (SP) and Amodiaquine (AQ), blood smears
and blood spots on filter papers were obtained from children aged 0-5
years, randomly selected each year during two cross-sectional surveys
before and after SMC rounds in areas of Ouelessebougou where SMC
had been implemented for 0, 1, 2 and 3 years. Frequencies of molecular
markers of resistance to SP and AQ were assessed by PCR and genotyping.
None of the molecular markers of resistance significantly increased in
frequency over the period of study (2014-2016). At the beginning of

the transmission season, the frequency of the pfdhfr59R was 93.9% at
baseline and 98.2% after two years of SMC implementation (p = 0.12).
The frequencies of Pfdhps540E, Pfmdr1-86Y and PfcrtK76T mutation
were also similar at baseline and after two years of SMC implementation
4.0% vs. 3.5%, p=0.87;5.6% vs. 9.8, p =0.35 and 71.3% vs 80.7%,
p = 0.20 respectively. At the end of transmission season after SMC drug
administration, the frequencies of Pfdhfr59R, Pfdhps540E, Pfmdri-

86Y and PfcrtK76T mutation were also similar in areas where SMC was
implemented for one or three years 97.0% vs. 100%, p = 0.21; 0.8%

vs. 1.4%, p=0.64, 10.8 % vs. 18.6%, p=0.14 and 85.1% vs. 67.4% p
=0.01, respectively. The results of genotyping are consistent with those
by PCR for the mutations tested by PCR, but also indicate for the first
time the presence of the dhps581G mutation at low frequency, varying
between 0-6.2% between areas and years, and only associated with the
additional dhps431V mutation. In conclusion, two and three years of
SMC implementation were not associated with a significant increase in
the frequencies of the molecular markers of SP and AQ resistance. The
detection of the dhps haplotype bearing the 1431V and A581G mutations
for the first time in Mali even at low frequency warrants further long-term
surveillance.

EVALUATION OF AUTOMATED MALARIA DIAGNOSIS USING
HEMATOLOGY ANALYZER WITH FINGER PRICK BLOOD FOR
DETECTION OF PLASMODIUM FALCIPARUM PARASITEMIA IN
RURAL AFRICA
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Light microscopy (LM) remains the gold standard for malaria diagnosis.
Sysmex Corporation has recently developed an automated hematology
analyzer, XN-30 equipped with a new violet laser that was able to count
both malaria-infected red blood cells and white blood cells. The good
performance of XN-30 in clinical setting has been demonstrated with
venous blood (Pillay et al., Malar J 2019), but it has not been evaluated
using finger-prick blood in a rural African setting. The study was done

in The Gambia during the 2018 malaria transmission season (August-
December). Malaria suspected patients were recruited at Basse district
hospital. In addition, a malariometric survey was carried out in 6 villages
near Basse, Upper River Region. A finger prick blood sample (250 uL)
was collected for XN-30 measurement, high sensitive rapid diagnostic
test (RDT, the Alere™ Malaria Ag Pf test), thick blood film, and molecular
analysis (dry blood spots on filter paper). One hundred forty two suspected
malaria patients and 404 randomly selected healthy individuals were
recruited. Malaria prevalence was 31% (44/142) by molecular methods,
15% (22/142) by XN-30, 23% (33/142) by RDT, and 16% (23/142) by LM
in suspected malaria patients and 15% (60/404) by molecular methods,
6% (24/403) by XN-30, 17% (67/404) by RDT, 5% (20/404) by LM in
404 randomly selected individuals. A scattergram pattern was judged
suboptimal for the XN-30 analysis in 43% (61/142) malaria suspected
patients and 73% (293/404) healthy individuals. When those suboptimal
results were excluded, the sensitivity and the specificity of XN-30 in the
community to compare with molecular methods were 70% and 94 %
respectively. To compare with LM or RDT, the sensitivity/ the specificity of
XN-30 in the hospital were 90.9%/96.6%, 84%/98.2%, respectively. XN-
30 has a potential role in malaria elimination program as it demonstrated
similar performance to current standard diagnostic methods in rural Africa.
However it requires substantial improvement to reduce the proportion of
suboptimal results when a finger prick blood sample was applied.

EXTERNAL ASSESSMENT OF PROFICIENCY OF MALARIA
MICROSCOPISTS AND LABORATORY CAPACITY IN DISTRICTS
STRATIFIED FOR MALARIA ELIMINATION IN ETHIOPIA

Desalegn Nega Wada, Abnet Abebe, Adugna Abera,
Bekuretsion Gidey, Ababa Gebretsadik, Sindew Mekasha, Eyasu
Tigabu, Geremew Tasew, Adugna Woyessa

Ethiopian Public Health Institute (EPHI), Addis Ababa, Ethiopia

Successful Malaria Elimination Relies on Accurate Case Detection

and Prompt Treatment by Qualified Professionals and Well Equipped
Laboratories. Light Microscopy is an Easily Accessible and Routine
Diagnostic Tool for Malaria in Ethiopia. Hence, This Study Assessed the
Competency of Malaria Microscopists and Laboratory Capacity in Terms
of Reagents and Equipments in the 6 Regional States Targeted for Malaria
Elimination in Ethiopia, February to March 2018. A Total of 106 Facilities:
17 District Hospitals, 71 Health Centers (hcs) and 18 Private Clinics

(pcs) Were Assessed. Of the Total Facilities, 91.5%(97) Was Using Light
Microscopy While the Others Were Using Microscopy and Rapid Diagnostic
Tests to Diagnose Malaria. Availability and Appropriate Storage of

Giemsa Was Reported by 58.8%(10/17) Hospitals, 81.7%(58/71) hcs and
72.2%(13/18) pcs. In 84.6%(11) Hospitals, 35.7%(25) hcs and 26.7%(4)
pcs, Malaria Laboratories Comply with the National Quality Assurance
Guidelines. Technical Manuals and Laboratory Bench Aids Were Observed
in 56.2%(9) Hospitals, 57.1%(40) hcs and 35.3%(6) pcs. Only 55.6%(10)
pcs Had License of Registration. Of the 1896 Malaria Positive and 474
Negative PCR-Corrected Slides Administered to 237 Study Participants,
318 Slides Were Reported Falsely Negative (Rate: 42.7%) and 47 Slides
Were Reported Falsely Positive (Rate: 2.9%). The Participants Skill Was
Graded Good (Agreement: 84.6%, Kappa: 0.6) on Parasite Detection
and Poor (A: 43.8%; K: 0.11) on Species Identification. Agreement Was
Even Very Slight for Differentiation of P Falciparum from Other Species
(A: 28.41%; Kappa:0.29). Above 95% of Participants Didn't Count

Parasitemia or Reported Plus System of Estimation That is Unacceptable
Per Who Guideline. Therefore, the Low Competency of Malaria
Microscopists Together with Poor Laboratories in the Current Study Implies
the Further Need of Comprehensive Laboratory Supervisions and In-Service
Trainings of Professionals by the Ministry of Health and Relevant Partners,
Not to Miss-Diagnose the Low Number but Highly Significant Malaria
Cases in Elimination Settings.

PREVALENCE OF MALARIA PARASITEMIA AMONG UNDER-
FIVE CHILDREN LIVING WITH HIV ATTENDING SELECTED
HEALTH FACILITIES IN JOS, NORTH CENTRAL NIGERIA 2017

Kayode Abraham Olawuyi', Adebola Olayinka?, Saad Ahmed?,
Patrick Nguku?

'National Veterinary Research Institute, Vom Nigeria/Nigeria Field
Epidemiology and Laboratory Training Program, Abuja, Nigeria, *Nigeria
Field Epidemiology and Laboratory Training Program, Abuja, Nigeria,
3Ahmadu Bello University Teaching Hospital, Zaria, Nigeria

Malaria and HIV contributes to the burden of diseases among children
less than five years globally. In Africa an estimated 86% of death due to
malaria occurs among children under 5 years of age. The Nigeria National
Malaria Elimination Program reported that 30% Under 5 (U5) mortality

is due to malaria infection. Children living with HIV are more vulnerable
to malaria infection because of their immune status. It is diagnosed by
the presence of parasitaemia in the peripheral blood. We conducted this
study to determine the prevalence and factors associated with malaria
parasitaemia in children 6-59 months living with HIV in Jos, North Central
Nigeria. A cross sectional study was conducted among children aged
6-59 months living with HIV. Blood specimen was collected from 264

U5 children and tested for the presence of parasitaemia by microscopy.
Malarial parasitaemia was defined as the presence of at least one asexual
parasite in the blood film. Haemoglobin estimation was carried out and
CD4% determined. Structured, interviewer administered questionnaire
was used to obtain demographic information and potential risk factors
from caregivers. The mean age in months (+ Standard deviation) was
40.6 (x 13.7) among children 6-59 months living with HIV. The Prevalence
of parasitaemia was 16%. Mild anaemia was significantly associated
with malaria parasitaemia among children living with HIV (aOR, 2; 95%
Confidence interval (Cl), 1.7-3.3). No association was found between
CD4% and presence of malaria parasitaemia among children living with
HIV. However, the presence of stagnant water and grasses surrounding
the vicinity where these children resides were significant associated with
parasitaemia (@aOR 3; 95% Cl, 1.2-11). Therefore we conclude that the
prevalence of parasitaemia was relatively high among children 6-59
months living with HIV. Parents/caregivers of these children were educated
on the need to intensify efforts in ensuring clean environment devoid

of stagnant water and grasses as this will reduce the breeding site for
mosquitoes.

ANGIOGENIC AND ANGIOSTATIC FACTORS IN THE SALIVA OF
MALARIA PATIENTS

Cecilia Elorm Lekpor', Kwadwo Asamoah Kusi?, Andrew
Anthony Adjei’, Nana Otu Wilson?, Jonathan Stiles?
'University of Ghanal/korleBu Teaching Hospital, Accra, Ghana, *Noguchi

Memorial Institute for Medical Research, Accra, Ghana, *Morehouse
School of Medicine, Atlanta, GA, United States

Malaria death is associated with deregulation of host immune responses
to inflammatory factors such as C-X-C motif chemokine 10 (CXCL10) and
host angiogenic factors such as angiopoietin 1 (Ang-1) and angiopoietin

2 (Ang-2). Current diagnosis of malaria relies on microscopic detection

of the parasites in the blood film. This approach is invasive, increases
accidental infections and uncomfortable for some patients. The aim of this
study was to investigate biomarkers -CXCL10, Ang-1 and Ang-2 levels in
the saliva of malaria patients and compare with plasma levels with regard
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to their potential use as biomarkers in malaria. This may be useful for
further development of highly efficient non-invasive malaria detection
methods using saliva. This was a case control study involving a total of
213 (119 malaria subjects and 94 non malaria subjects) aged 1 -16 years.
Plasma and saliva levels of CXCL10, Angiopoietin (Ang)-1 and Ang-2
were measured among the study participants using Quantikine Elisa kit.
The data was analyzed at 450 nm wavelength using a Spectra Max 190
fluorescence micro plate reader. Data was presented as mean = standard
error or median and interquartile range (IQR). Pearson’s rank test was used
to determine if there was any association between the biomarkers and
malaria infection. A p-value < 0.001 was considered statistically significant.
There was decreased plasma levels of Ang-1 (p<0.009) and increased
plasma levels of CXCL10 (p<0.001) and Ang-2 (p<0.001) in individuals
with malaria compared to those without malaria. Similar trends were
observed in the saliva samples from study participants. Saliva biomarkers
CXCL10, Ang-1 and Ang-2 levels correlated significantly with plasma
levels of malaria patients. Finally, Ang-2 was informative when combined
with CXCL10 to predict the risk of malaria and could be useful in clinical
decision-making. These results provide insight into the use of saliva as a
non-invasive diagnostic method and demonstrate that Ang-2 combined
with CXCL10 is a promising predictive biomarker in malaria.

VALIDATION OF PFHRP2/3 GENE DELETION ASSAYS USING
CULTURED MALARIA PARASITES

Josphat N. Nyataya, George Awinda, John Waitumbi
Kenya Medical Research Institute/Medical Research Unit, Kisumu, Kenya

To encourage rational treatment of malaria based on confirmed diagnosis,
WHO has spearheaded the development of antigen-based rapid diagnostic
tests (RDT). These efforts could be eroded by the reported increase in
Plasmodium falciparum that have deleted pfhrp2/3 genes and therefore do
not produce Histidine Rich Protein 2 and 3. To facilitate evaluation of these
deletions in complex samples, we first validated the assay performance

in P falciparum strains grown in culture. Cultures of 3D7 and Dd2 strains
were grown in RPMI 1640 medium at 5% hematocrit of 0+ human red
blood cells supplemented with 10% heat inactivated human serum. At
3% parasitemia, the parasites were synchronization using Sorbitol to
obtain 95% of rings stage parasites. The parasites were then diluted to a
parasitemia of 7,500 parasites/uL allowed to grow for a 48-hr complete
cycle to reach a parasitaemia of 15,000 parasites/uL. A 200 pL aliquot was
removed and used for DNA extraction and subsequent amplification of
exon 2 of pfhrp2/3 genes and their respective flanking regions. Because
detection of the deleted gene is based on absence of amplification, a
quality control step included amplification of msp7 and msp2 genes.
Another 200 plL aliquot of each culture was diluted serially in RPMI and 5
ul of each dilution read on RDTs. msp7 (K1 in 3D7 and MAD20 in Dd2)
and msp2 (FC27 and IC3D7) genes were amplified in both strains. In 3D7,
pthrp2 and pfhrp3 genes and flanking regions were amplifiable, while

for Dd2, only the pfhpr3 gene and its flanking region were amplifiable. In
agreements with these results, the limit of detection of HRP2 antigen in
3D7 was 300 parasites/uL and while for Dd2, the limit of detection was 2
log higher (30,000 parasites /ulL). Our data validates the use of 3D7 and
Dd2 parasites as appropriate quality control specimens for inclusion of
pthrp2/3 gene deletions assays. Future studies will need to include HB3
strain of P falciparum that lacks the pfhrp3 gene and the flanking regions.

A NOVEL HIGHLY SENSITIVE FLUORESCENCE BASED
CARTRIDGE READER FOR RAPID DETECTION OF MALARIA
PARASITES

Allan P. Lemtudo’, Katie Todorof?, Mike Lochhead?, John N.
Waitumbi3

'United States Army Medlcal Research Directorate , Kenya, Kisumu, Kenya,
’MBio Diagnostics, Inc., Boulder, CO, United States, *United states Army
Medlcal Research Directorate, Kenya, Kisumu, Kenya

The currently approved rapid diagnostic tests for malaria (mRDT) lack
sufficient sensitivity, may not differentiate current and historical infections
of Plasmodium falciparum and have false negatives due to deletions of
histidine rich protein (HRP) genes. We describe the performance of a
novel fluorescence based cartridge device that uses waveguide planar
technology for detection of the pfHRP2 and pan-malaria pLDH. For this
study, 326 frozen blood samples that had prior microscopy results were
retested on the cartridge reader and a commonly used mRDT. Discordant
samples between these two tests were resolved by qPCR. Of the 326
blood samples, 293 (89.6%) were HRP2 positive on the cartridge reader
device and 289 (88.6%) on mRDT. The calculated HRP2 agreement

was 98.2% (320/326). By gPCR, and in agreement with the cartridge
reader, five of the discordant samples were positive by gPCR and one
was negative. Significant discrepancy was observed on pLDH. By the
cartridge reader, 302/326 (92.6%) were positive and only 220 (67.5%) by
mRDT. The calculated pLDH agreement was 74.2% (242/326). For the 84
discordances, qPCR validated the cartridge reader’s pLDH score in 83/84
samples. On speciation by qPCR, the 84 discordant samples comprised
35.7% (30/84) monoinfections of Pf with parasitemia of 46-1,376 Pf/uL,
64.3.2% (54/84) mixed infections of Pf/Pm and Pf/Po with parasitemia
ranging between 46-9120 parasites/ uL. Taken together, our results
indicate that, by HRP2, the performance of the novel cartridge reader is
comparable to mRDT. The greatest improvement is in the performance

of pLDH. The new pLDH assay will solve common false positives
attributable to HRP2 persistence in blood long after parasite clearance
and false negative results due to HRP2 gene deletions. Importantly, the
test will improve detection of non-Pf infections and thereby allow better
management of G6PD deficient patients who may have non-Pf infections.

THE ROLE OF MRDTS IN SCREENING OF ASYMPTOMATIC
INDIVIDUALS TO BE ENROLLED IN CLINICAL TRIALS

Catherine Sumbi’, Agneta Ogolo', Cornel Arima’, Cephas
Aguko’, Michael Ayaya', Everlyne Omondi', Victor Otieno’,
Vincent Akolo’, Rose Adeny’, Hosea M. Akala', Bernhards Ogutu?,
Jim R. Managbanag’

'US Medlical Research Directorate-Africa/Kenya, Kisumu, Kenya, 2US
Medical Research Directorate-Africa/Kenya, Kenya Medical Research
Institute, Kisumu, Kenya

Malaria is one of the world’s most prevalent parasitic diseases with the
highest prevalence reported in Sub- Saharan Africa. The parasites that
cause malaria are from the plasmodium genus. Clinical trials for effective
treatments against malaria are reliant on microscopy and malaria rapid
diagnostic kits (mRDTs) for determining treatment response. The antigen
specific mRDTs are preferred for their ease of usability where microscopy
may not be available. Recent studies showing genotype-based variability
in response to mRDT marker proteins warrant assessment of performance
of this method in clinical efficacy studies. 1451 participants were enrolled
in Blood Collection Protocol 1, a clinical efficacy study between 2007 and
2011 in Kombewa HDSS .They were tested for malaria using microscopy
and Parascreen mRDTs as part of assessing eligibility for enroliment into
the study. While mRDT indicated the presence or absence of malaria
parasites in whole blood samples, microscopy was done to determine

the presence or absence of malaria parasites, species and parasites
enumeration. Data generated readouts from microscopy were compared
with those from mRDT using descriptive statistics. Of the 1451, 1175

astmh.org



86

(81%) were positive while 272 (19%) were negative by mRDT. 940 (64%)
were positive while 503 (35%) were negative by microscopy. this finding
showing higher positive predictive rates for mRDTs than microscopy
suggests the mRDTs usability alongside microscopy in efficacy study.

ASSESSING THE IMPACT OF MALARIA DIAGNOSTICS CENTRE
COMPREHENSIVE MALARIA MICROSCOPY TRAINING
COVERAGE IN KENYA AND BEYOND

Rose A. Adeny’, Agneta Ogolo’, Cornel Arima’, Cephas Aguko’,
Catherine Sumbi', Michael Ayaya', Everlyne Omondi', Victor
Otieno’, Vincent Akolo’, Hosea M. Akala', Bernhards Ogutu?, Jim
R. Managbanag'

'U.S. Army Medical Research Directorate - Africa/Kenya, Kisumu, Kenya,
2U.S. Army Medical Research Directorate - Africa/lKenya Medical Research
Institute, Nairobi, Kenya, Kisumu, Kenya

A survey of research institutions and hospital facilities globally revealed
limited expertise in performance of microscopy for malaria diagnosis.
Microscopy as a gold standard for malaria diagnosis is dependent on
microscopists's expertise, periodic re-training and certification. The malaria
Diagnostics Training Centre (MDC) was established in 2004 to enhance
qualitative and quantative malaria diagnostic skills in laboratories globally.
The aim of this study was to estimate training impact since its inception.
Between 2004 and 2008, MDC implemented a 14 day training syllabus
for individuals with no malaria microscopy training and a 5-day refresher
for previous trainees. Prior to training commencement, a pre-test was
conducted to gauge the knowledge of participants and a post test to
gauge the skill sets acquired. Microscopy was alloted 50% of overall
training time. Training comprised of theoretical and practical sessions. A
total of 1843 laboratory trainees from 28 countries were trained between
2005 and 2018. Countries reached by regions were; East Africa 10, West
8, North 2, South4, Central 2 and Asia 2. The total number of countries
trained in Africa 26(93%), outside Africa 2(27%). Number of Microscopy
classes held was 126, within Kenya 109(87 %), outside Kenya 17(13%).
1843 laboratory trainees comprised those from Kenya 1472(80%),
outside Kenya 371(20%). MDC then established sister malaria diagnostic
centers in three countries after 10 day mentorship program for facilitators.
These results show that East and West Africa had the highest number

of trained personnel compared to other regions with Africa at 93%
compared to Asia at 7%. This findings show the need for establishment
of malaria diagnostic centres across regions. This argues for dedicated
funding for this framework as it would warrant an increase in coverage of
trained malaria microscopists globally as a prerequisite for adopting pre-
elimination phase.

MALARIA DIAGNOSTIC PRACTICES AND ACCURACY OF
BLOOD SMEAR MICROSCOPY IN PRIVATE HEALTH FACILITIES
OF ENTEBBE MUNICIPALITY, UGANDA

Tobius Mutabazi', Emmanuel Arinaitwe?, Alex Ndyabakira?,
Simon P. Katongole?, Pauline B. Kibwika', Moses R. Kamya',
Joaniter I. Nankabirwa’

"Makerere University College of Health Sciences, Kampala, Uganda,
2Infectious Diseases Research Collaboration, Kampala, Uganda, *Faculty of
Health Sciences, Uganda Martyrs University, Kampala, Uganda

Malaria treatment policy in Uganda recommends that all suspected cases
have a laboratory diagnosis prior to treatment. Studies have shown that
almost half of the patients visiting public facilities are still presumptively
treated despite availability of the diagnostics and personnel to do

the testing. The practices in private facilities is still unknown despite

most patients seeking care at these facilities.We evaluated the malaria
diagnostic practices and the accuracy of the malaria blood smear test

in private health facilities in Uganda. Between April and May 2018, we
enrolled 700 patients suspected to have malaria at 26 private health
facilities in Entebbe municipality. Patients records were reviewed following

the clinical evaluation and all patients sent to the laboratory for a

blood smear had a study smear collected in addition to clinical smear

to evaluate for the accuracy of blood smear microscopy. Of the 700
participants enrolled, 695 (99.3%) had a malaria diagnostic test done
before treatment. The sensitivity and specificity of the facility microscopy
was 95.8% and 90.1 respectively. Factors associated with accurate facility
microscopy included having five or more years experience of reading
smears (OR=0.134, P<0.001), conducting 5 or more smear readings a

day (OR= 0.040, P<0.001) and good laboratory illumination (OR= 5.685,
P=0.015). Adherence to the malaria diagnostic guidelines in the private
facilities located in this setting is higher than what is observed in the public
facilities and accuracy of smear reading is high. The main factor associated
with accuracy microscopy is the experience of the laboratory personnel
either through conducting many smear readings or duration of reading
smears. Private facilities in this setting should act as model facilities to
improve the malaria diagnostic practices at public facilities in Uganda.

EVALUATING THE PREVALENCE OF PLASMODIUM PARASITES
AMONG ASYMPTOMATIC INDIVIDUALS USING MICROSCOPY
AND MALARIA RAPID DIAGNOSTIC TEST IN KOMBEWA
HDSS AREA, WESTERN KENYA

Agneta Ogolo, Cornel Arima, Cephas Aguko, Catherine
Sumbi, Michael Ayaya, Everlyne Omondi, Victor Otieno, Vincent
Akolo, Rose Adeny, Hoseah M. Akala, Bernhards Ogutu, Jim Ray
Managbanag

USAMRD-A Kenya, Kisumu, Kenya

Plasmodium parasite is the main cause of malaria infection in man. In
malaria endemic areas, people tend to develop partial immunity, allowing
occurrence of asymptomatic infections. The asymptomatic infections are
an important reservoir for sustaining vector infections, and anchor the
disease in eco-epidemiological settings. Though asymptomatic individuals
significantly impacts transmission dynamics, they are often obscure to the
health systems since they do not seek treatment. The aim of this study is
to determine frequency of plasmodium infections in asymptomatic persons
using Microscopy and malaria rapid diagnostic test (mRDT) diagnostic
methods. 1451 individuals between 5 months to 65 yrs, from randomly
selected households were enrolled between 2007 and 2011 within
Kombewa HDSS. 250ul finger prick EDTA blood was collected from each
individual. 2 thick and thin smears were made, complete blood count

and RDT done using Parascreen®. Giemsa stained slides were read by
expert microscopists to determine plasmodium species and parasitemia.
Data was analyzed using descriptive statistics for frequency of positive
infections per test methods used. Inferential statistics was used to describe
variations in between diagnosis methods. Of the 1451, 940 (65%) samples
were positive by microscopy and 1175 (81%) samples were positive by
RDT. Of the 213 (23%) asymptomatic individuals by microscopy, the
distribution of Plasmodium spp was; Plasmodium falciparum 197 (21%),
Plasmodium falciparum with Plasmodium malariae 7(0.7 %), Plasmodium
malariae 3(0.3%), Plasmodium ovale 2(0.2%), Plasmodium falciparum
with Plasmodium ovale 4 (0.4%). This findings shows high burden of
asymptomatic infections using the most frequently used microscopy and
RDT diagnostic method. Asymptomatic individual presents the risk of
transmitting infections since they would not seek treatment. Strategy
should be developed for diagnosis and treatment of asymptomatic
individuals.
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EVALUATING MICROSCOPY PERFORMANCE AMONG
TRAINEES TRAINED IN MALARIA DIAGNOSTICS CENTER IN
KISUMU.

Everlyne Omondi, Rose Adeny, Agneta Ogolo, Cornel Arima,
Cephas Aguko, Catherine Sumbi, Michael Ayaya, Victor Otieno,
Vincent Akolo, Hoseah M. Akala, Bernhards Ogutu, Jim Ray
Managbanag

USAMRD-K/A, Kisumu, Kenya

Lack of metrics to uniformly ascertain effects of intervention such as
drugs, vaccines impact and control hinders efforts to transition to pre-
elimination phase. Malaria Diagnostics Center (MDC) was established in
2004 by United States Medical Research Directorate - Africa/Kenya, Kenya
Medical Research Institute to standardize malaria diagnostics in the region.
MDC designed a curriculum which is able to assess the competence of
candidates at various proficiency levels. As part of entrenching this habit
among malaria diagnosis professionals, it is essential to rate impact of the
training on trainees. The aim of this study was to determine the uptake of
diagnostic skill sets acquired before and after training among trainees who
attended MDC’s training in the year 2013. Ten-day malaria microscopy
course was conducted for microscopists drawn from both private and
public institutions. The course contained theoretical and practical sessions.
The impact of training was evaluated by practical and theoretical pre- and
post-training assessments on parasite detection (sensitivity and specificity),
species identification and parasite quantification. A total of 61 participants
completed the training which comprised of Ministry of health personnel

at 48(79%) and other research organizations 13(21%). The knowledge

of basic malariology (theory) at pre- and post-tests were 64% (95% Cl
61-67%) and 93% (95% Cl 91-94%), respectively (P<0.001). The mean
parasite detection (sensitivity) were 57% (95% Cl 50-64%), during

the pre-test and 90% (95% Cl 87-93%) for the post-test (P<0.001),
improvement of 32% (95% Cl 26-39%). However for specificity, there
was negative reduction from a mean of 57% (95% Cl 51-64%) in pre-test
10 51% (95% Cl 42-60%) post-test (P= 0.254), improvement -6%, (95%
Cl-12 to -0.7%). Conclusion: Overall improvement was observed in all
areas tested except for specificity which had negative (-6) improvement.
Findings show improvement in performance, if maintained would improve
the quality of microscopic diagnosis of malaria.

COMPARING COINFECTION OF PLASMODIUM OVALE AND P.
MALARIAE IN ASYMPTOMATIC INDIVIDUALS IN KOMBEWA
HDSS AREA, WESTERN KENYA

Cephas Aguko Oyieke', Cornel Arima’, Agneta Ogolo?,
Catherine Sumbi', Michael Ayaya', Everlyne Omondi', Victor
Otieno’, Vincent Akolo’, Rose Adeny', Hoseah M. Akala’,
Bernhards Ogutu?, Jim Ray Managbang'

'MDC, Kisumu, Kenya, ’KEMRI, Kisumu, Kenya

The prevalence of malaria infection in Kombewa, Western Kenya still
remains high despiteheightened interventions. Three Plasmodium species;
P falciparum (Pf), P ovale (Po) and P. malariae (Pm), P falciparum plus
P-malariae (pfm), P falciparum, R malariae and P ovale (pfmo) and P
falciparum and P, ovale (pfo) exist sympatrically. Bites from mosquitoes
carrying different species of parasites often leads to co-infection in
humans. Co-infection withdifferent species has been shown to modulate
disease progression to either asymptomatic or symptomatic. As studies
continue to highlight mortality among children less than 5 years, it
isessential to understand variability in species carriage among the different
age groups. The aim ofthis study was to estimate the role of species
composition in malaria mortality in Kombewa,Western Kenya. 1451
samples were collected under the Blood Collection protocol between
2007and 2011. These samples from Kombewa HDSS randomly screened
for malaria included both asymptomatic and symptomatic individuals.
Each blood sample was tested for presence orabsence of Plasmodium
parasites, species present determined by malaria rapid diagnostic test
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kit(mRDT) Parasreen® and confirmed by microscopy. Counts of positive Pf,
Po, Pm, Pfm, Pfo,Pfmo were obtained and recorded. From asymptomatic
individuals screened, a total of 41(3%)had pfm, 18(1%) pfo, 2(0.1%)
pfmo, 322(22%) pf and 204(14%) were negative. As for childrenbetween
6-17 years, 37 (3%) had pfm, 5(0.3%) pfo, 1(0.1%) pfmo, 331(23%)

pf and 121(8%)were negative. Adults above 18 years had 2(0.1%) pfm,
2(0.1%) pfo, 149(10%) pf 164(11%)were negative, no pfmo species
were found in adult samples. The findings above show thatchildren &It;17
years were more vulnerable to Plasmodium infections compared to adults.
Mortality could be as a result of poor health seeking behavior especially in
the absence of fever and lack ofmechanisms to trace them within house
holds

IMPLICATIONS OF PLASMODIUM PARASITES WITH HRP2
GENE DELETION ON THE PERFORMANCE OF HRP2 BASED
RAPID DIAGNOSTIC TESTS IN MIDDLE GHANA OF AFRICA

Dennis Adu-Gyasi', Linda E. Amoah?, Abagna Hamza Bukari?,
Prince Agyapong Darko', Felix B. Oppong’, David Dosoo’, Oscar
Agyei', Seeba Amenga-Etego’, Kwaku Poku Asante’

'Kintampo Health Research Centre, Kintampo North, Ghana, ?Noguchi
Memorial Institute for Medical Research, Accra, Ghana

From a previous study that evaluated HRP2 based RDTs to probe other
causes aside low parasitaemia that might give false negative results,

we sought to explore further using molecular techniques to assess the
presence of Plasmodium parasites that lack hrp2 genes infecting human in
the middle-belt of Ghana. The current study pooled together data of two
cross sectional studies that evaluated malaria RDTs in the middle-belt of
Ghana from 2014 to 2016. Blood samples were collected from participants
and used to screen for malaria using microscopy and RDT. With the RDT
results, false negative, false positive and samples with parasite densities
below detectable limits were selected. DNA was extracted and used for
speciation, multiplicity of infection identifying the presence of MSP2.
Samples that were positive for MSP2 were further screened for HRP2 and
HRP3 deletants. Performance of the malaria RDT was evaluated using the
ROC and sensitivity with the specificity. The studies were approved by the
Kintampo Health Research Centre Institutional Ethics Committee (FWA_
No.:00011103). The prevalence of Plasmodium falciparum infection based
on microscopy in the studies pooled were 39.1% (281/754) and 28.1%
(441/1569) respectively. The performance of the RDTs in the two studies
had sensitivity (SE), specificity (SP) and ROC of 98.2% (95.9%, 99.4%),
66.3% (58.7%, 73.3%) and 0.82 (0.79, 0.86), and SE, SP and ROC of
92.1% (88%, 95.2%), 81.6% (79.2%, 83.8%) and 0.87 (0.85, 0.89)
respectively. Of the selected samples screened with PCR, 53.2%(41/77)
were speciation positive. Of these, 31.7% (13/41) were MSP2 positive.
Screening among these 13 samples for HRP2 and HRP3 gene deletions,
30.8% (4/13) had pfhrp2 gene deletion in exon 1-2 segment. About
50.0% (2/4) of the pfhrp2 deleted parasites had pfhrp3 which did not
compensate for pfhrp2 deletions. This study describes the prevalence of
pthrp2/3 gene deletions in the middle-belt of Ghana based on genotyping
of Plasmodium falciparum positive samples from health facility and
community levels, with 95% Cls for all point estimates. It is necessary to
use standard guided protocol to assess the spread of HRP2 gene deletions.

MALARIA RAPID DIAGNOSTIC TESTING IS COMPROMISED BY
PLASMODIUM FALCIPARUM HISTIDINE-RICH PROTEIN 2 AND
3 DELETIONS IN ETHIOPIA: A MULTI-SITE, CROSS-SECTIONAL
SURVEY

SindewMekasha Feleke’, Ozkan Aydemir?, Hussein
Mohammed', BokretsionGidey Brhane', Hassen Mamo?, Beyene
Petros3, Madeline Denton?, Steven R. Meshnick?, Jonathan J.
Juliano?, Jeffrey Baileys, Jane Cunninghamé, Jonathan B. Parr’

'Ethiopian Public Health Institute, Addis Ababa, Ethiopia, 2Brown
University, Providince, Rl, United States, *Addis Ababa University, Addis
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Ababa, Ethiopia, *University of North Carolina at Chapel Hill, Chapel Hill,
NG, United States, *Brown University, Providence, Rl, United States, ®*World
Health Organization, Geneva, Switzerland, "University of North Carolina,
Chapel Hill, NC, United States

Plasmodium falciparum parasites with deletions of the histidine-rich
protein 2 and 3 (pfhrp2/3) genes are not detected by commonly deployed
malaria rapid diagnostic tests (RDTs) in Africa. Because RDTs account

for the majority of diagnostic testing for suspected malaria in Ethiopia,
increasing reports of these parasites has raised concerns that existing
diagnostic strategies are threatened. High prevalence of pfhrp2/3 deletions
in neighboring Eritrea recently forced a shift away from PfHRP2-based RDTs
to less sensitive, less heat stable alternatives. To determine the impact of
these parasites in Ethiopia, we conducted the first study using the World
Health Organization’s (WHO's) protocol for pfhrp2/3-deleted parasite
surveillance. 3,095 subjects with suspected malaria who presented to
government health facilities in the West Armachiho district of the Amhara
Region and the K/Humera and Atsede Tsimbila districts of the Tigray
Region were enrolled and underwent testing with two distinct, WHO
pre-qualified RDTs. Molecular and serological testing for parasites with
pthrp2 and/or pfhrp3 gene deletions is underway. Pilot testing of samples
collected from 61 subjects with PfHRP2-negative but PfLDH-positive RDT
results identified pfhrp2/3-deleted P falciparum parasites in all three
districts. Initial Luminex antigen testing confirmed the absence of PfHRP2
in 90% (55/61) of P falciparum PCR-positive samples tested. Nested

PCR with prolonged cycling failed to amplify pfhrp2 in 34% (21/61) and
pthrp3in 74% (45/61). Deep sequencing of the pfhrp2/3 genes and 29
flanking loci provided high resolution mapping of deletion regions. This
work is being complemented by additional antigen profiling, PCR assays,
and whole-genome sequencing. In summary, largescale surveillance

near Ethiopia‘s northern border with Eritrea identified pfhrp2/3-deleted
parasites in all surveyed districts. We are employing a multi-omics
approach to characterize regionally specific deletion breakpoints, identify
mutations associated with impaired PfHRP2 expression, and explore the
evolutionary history of these parasites.

MALARIA IN SEMI-ISOLATED AMAZONIAN INDIGENOUS
COMMUNITY: HETEROGENEITY OF TRANSMISSION AND
PREDOMINANCE OF SUBMICROSCOPIC INFECTION

Daniela Rocha Robortella
Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil

In Latin America, inequitable access to healthcare has a profound impact
on the indigenous populations of the Amazon rain forest that typically
suffer from an excess burden of infectious disease. Malaria official data
are underestimated due to the difficulty of access to ethnic groups, such
as the Yanomami, a traditionally semi-nomadic group living in widely
dispersed communities in the Amazon border of Brazil and Venezuela.
Here, we investigate malaria infection among 981 individuals (median

age 14 years) from four lanomamis villages from Marari indigenous
community (North of the Amazonas State). The methodological approach
involved cross sectional surveys carried out during dry season (September/
November, 2014) and at the beginning of the rainy season (January, 2015).
Different PCR protocols (ribosomal and non-ribossomal targets) were used
to increase sensitivity in detection of submicroscopic malarial infection.
Taken together, the results demonstrated that: (i) at the enroliment,
malaria prevalence was 1.6% by conventional microscopy and 6% for
PCR-based protocols, confirming the high frequency of submicroscopic
malaria infections. Although the number of cases decreased during the
second cross sectional, the submicroscopic infections remained relatively
high (4% vs. 0.7%); (i) Plasmodium vivax and R malariae were responsible
for the majority of malaria infections (35% and 32%, respectively);

(iii) in the Yanomani area, malaria transmission was not homogeneous
transmitted, with prevalence ranged from 1.5% to 12% between villages;
(iv) while the frequency of malaria infection was similar between genders,
there was a clear tendency in decreased malaria-positivity according to the
increase in age, suggesting acquired immunity against malaria.

RETINOPATHY IN CEREBRAL MALARIA IN CHILDREN IN
KINSHASA

Mireille Ngale Amba, Joseph M. Bodi, Joseph T. Kelekele,
Dieudonné N. Mumba, Nsengi Ntamabyaliro, Celestin N. Nsibu

University of Kinshasa, Kinshasa, Democratic Republic of the Congo

Democratic Republic of the Congo (DRC) is the second most affected
country by malaria worldwide, and cerebral malaria is the deadliest
complication. However, its diagnosis difficult by the non-specificity

of its signs and the lack of appropriate equipment in the context of

DRC. Fundus is an accurate and early non-invasive means of observing
pathognomonic ocular abnormalities and is very important for
understanding pathophysiology, diagnosis and prognosis of cerebral
malaria. This is an observational study conducted in the 4 districts of
Kinshasa. One Health Facility was randomly selected in each of the
districts, and all children admitted for cerebral malaria from 2012 to 2014
were included in the study after informed consent by parent or legal
guardian. A fundus was performed with direct ophthalmoscopy within 24
hours of admission. Analyzes were performed on SPSS 20.0 and EXCELL.
Pearsonian Chi- squared test was used to compare averages. Seventy-
nine patients were included in our study. Median age of 5.8 + 2.6 years.
Children aged 3 to 5year accounted for 60.8%. More than three quarters
of patients had retinal changes (77.2%). These changes consisted of
hemorrhages (100%), bleaching (34.2 %), vascular discoloration (3.8 %)
and papilledema (11.4 %). Patients also had seizures (60.7%), anemia
(78.7%), thrombocytopenia (45.9%), acidosis (54.1%) and hypoglycemia
(10%). A total of 22.8% did not have retinal changes. This may be due
to genetic factors leading to cerebral malaria without retinal expression or
incidental parasitemia in patient with other cause of coma. Fundus should
be taken in account for rapid diagnosis and prompt treatment of severe
malaria in Kinshasa. A training on the use of the ophthalmoscope to
emergency department practitioners would be needed.

THE INFLUENCE OF TRAINING OUTCOME AND COMPETENCY
ON EFFECTIVE UTILIZATION OF MALARIA MICROSCOPY
RESULT BY HEALTH PROFESSIONALS IN SOUTHEASTERN
NIGERIA

Chinyere lhuarulam Okoro’, Jide Bamiro?, Kingsley E. Dunga?,
Oluchi I. Okoro?, Francis Ihenetu®, Ikechukwu V. Ejiogu®
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University of Lagos, Lagos, Nigeria, *Department of Medical Laboratory
Science, Madonna University Elele, Owerri, Nigeria, “Beulah Medical
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of Microbiology, Federal University of Technology, Owerri, Nigeria,
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Malaria diagnosis in Nigeria was largely done based on clinical
presentations until recently when the policy on parasitological
confirmation of all suspected malaria cases before treatment was released
by the government in 2011. One of the possible causes of over-diagnosis
and over treatment of malaria in Nigeria is poor utilization of Malaria

test results in health care delivery. This study demonstrates the influence
of in-service training on malaria microscopy amongst medical laboratory
scientists on the utilization of malaria microscopy results in a selected
Government Health Facility in Nigeria. The base line study was conducted
in 2014 while a follow up study where pre tested questionnaire on
perception of Health care providers on malaria diagnostic results were
administered to end users of laboratory results in selected secondary
health facilities, Basic malaria microscopy training conducted for medical
laboratory scientists working in these selected facilities in accordance
with the World Health Organization (WHO) basic microscopy training
manual. Level of improvement and confidence in malaria result utilization
by health workers was assessed. To assess the performance after the
training intervention, paired-test was used to determine if there was any
significant difference between the performance scores before and after
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the training and between the basic and refresher training. The study
demonstrates a significant improvement in the mean written pre-and
post-tests scores from 28.4% (95% Cl 30.4-30.4%) to 75.2% (95% Cl
73.6-78.2%) (P < 0.001). . Comparing the baseline and follow up study,
there was significant difference when comparing the rate of utilization of
malaria result from the Trained Med Lab Scientists. (p < 0.001)The increase
in utilization of malaria microscopy result for effective case management
of malaria in the study area was influenced by training outcome and
competency of medical laboratory scientists.

THE LACK OF A STANDARD DEFINITION FOR SUSPECTED
MALARIA CASE—HOW CAN WE DIAGNOSE WHAT WE
DON'T FIRST SUSPECT? DIAGNOSE WHAT WE DON'T FIRST
SUSPECT?

Julie I. Thwing’, Jordan Burns?, Erin Eckert, Erin Eckert3, Kevin
Griffith?, Mateusz Plucinski’, Peter Thomas', Eric Halsey', Meera
Venkatesan?
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2United States Agency for International Development, Washington, DC,
United States, *United States Agency for International Development,
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Since 2010, the World Health Organization has recommended
parasitological confirmation by microscopy or rapid diagnostic test

(RDT) for all patients with suspected malaria. Most sub-Saharan African
countries have now widely scaled up RDTs for diagnosis; however, less
than half of children seeking care for fever receive a diagnostic test.
While there are multiple reasons for this poor coverage, malaria case
management guidelines developed by national malaria control programs
set the standard for provider behavior and are used to guide training

and supervision of malaria case management. We reviewed 25 case
management guidelines from malaria-endemic sub-Saharan African
countries and assessed whether a suspected malaria case was defined, or
if not defined, what guidance was given in regard to malaria diagnosis.
Of the guidelines reviewed, 14 gave a definition of suspected malaria

or guidance as to the population to test. Of these 14, all included fever
and 12 included history of fever, though temperature cut-offs for fever
and duration for history of fever varied. However, four of the 14 did not
recommend testing if there were signs of another fever source, and two
required at least one additional symptom of malaria. Of the remaining 11
guidelines, seven defined malaria as a febrile syndrome plus parasitologic
confirmation without giving guidance as to whom to test and four gave
only a general discussion of malaria symptoms. While all 25 guidelines
discussed fever, seven did not include history of fever. If providers are

not clearly directed to test all cases of febrile illness for malaria, they
must use clinical judgment, which is notoriously inaccurate for malaria
diagnosis, to decide if a febrile illness is suspected malaria and requires
testing. Patients with malaria infection seeking care for fever who are not
tested and therefore left untreated are missed opportunities to reduce
morbidity and mortality as well as transmission in the community. Malaria
case management guidelines for endemic zones should clearly define a
suspected case of malaria as anyone with a fever or history of fever and
require testing of all suspected malaria cases.

SENSITIVITY AND SPECIFICITY OF A NOVEL HIGHLY
SENSITIVE RAPID DIAGNOSTIC TEST FOR DETECTING LOW
DENSITY PLASMODIUM FALCIPARUM INFECTION DURING
A CONTROLLED HUMAN MALARIA INFECTION STUDY IN
EQUATORIAL GUINEA
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Plasmodium falciparum (Pf) malaria continues to pose a threat despite
the range of extensive interventions currently implemented. The inability
of conventional malaria rapid diagnostic tests (cCRDTs) to routinely detect
low-densityparasitemia that contributes to ongoing transmission is
perhaps one reason why the 2018 World Malaria Report failed to show
continued declines in the global burden of malaria. The relatively hi