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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

astmh.org



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 a