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reach non-enrolled school age children and awareness in the community
if targeting 2020 to control both schistosomiasis and soil-transmitted
helminths in Ethiopia.

TO INTEGRATE OR NOT TO INTEGRATE? DEVELOPING AN
EVIDENCE-BASED TOOL FOR NEGLECTED TROPICAL DISEASE
CONTROL

Claire J. Standley’, Ellie Graeden?, Justin Kerr?, Erin M. Sorrell’,
Rebecca Katz'

'George Washington University, Washington, DC, United States, Talus
Analytics, Boulder, CO, United States

While evidence from clinical and modeling studies have demonstrated the
potential benefit of integrating vertical disease programs, few evidence-
based tools exist to assist decision makers in evaluating and comparing
approaches for integration of control measures, to determine the most
impactful and cost-effective approaches for their setting. We have created
an application available for mobile devices or on the web, with a simple
user interface, to support on-the-ground decision-making for integrating
disease control programs or their components, given local conditions and
practical constraints. The model upon which the tool is built provides
predictive analysis for the effectiveness of integration of schistosomiasis
and malaria control, two common parasitic diseases with extensive
geographical and epidemiological overlap, and which result in significant
morbidity and mortality in affected regions. Working with data from
countries across sub-Saharan Africa and the Middle East, we present here
a proof of principle for the use of our tool in providing guidance on how
to optimize integration of vertical disease control programs.

SURGICAL MANAGEMENT OF MORBIDITY DUE TO
LYMPHATIC FILARIASIS: HYDROCELE SURGERY IN HEALTH
DISTRICT HOSPITALS IN MALI

Massitan Dembélé’, Benoit Dembele?, Zana Berthé?, Seydou
Goita?, Salif Seriba Doumbia3, Boubacar Guindo?, Modibo Keita?,
Abdoul Karim Sidibé’, Steven Reid*, Marily Knieriemen?, Yaobi
Zhang®

'Direction Nationale de la Santé, Ministére de la Santé et de I’'Hygiéne
Publique, Bamako, Mali, °Helen Keller International, Bamako, Mall,
3Malaria Research and Training Center, Filariasis Research Unit, Bamako,
Mali, “Helen Keller International, New York, NY, United States, *Helen
Keller International, Regional Office for Africa, Dakar, Senegal

Mali is committed to national lymphatic filariasis (LF) elimination by
2020. The program has two main components: interrupting transmission
of LF through mass drug administration and managing morbidity

and preventing disability. Mali has achieved great progress toward LF
elimination: to date, 31 of the 63 health districts (HDs) have reached the
criteria to stop MDA. However, improvements in morbidity management
and disability prevention are more difficult to achieve. Interventions for
the surgical management of hydrocele and lymphedema management
were introduced in 2012. These interventions are very demanding by
the patients because of social impacts in their daily live. From 2014-15,
the national program, with the support of HKI with funding from the
End Fund, performed surgical treatment of 369 LF patients in 16 HDs.
General practitioners performing surgery were trained on hydrocele case
management and hydrocele cases were identified at the community level.
Surgeons obtained informed consent prior to the surgical procedure

and maintained patient records. A descriptive analysis to show the
impact of hydrocele management was performed on 175 patients who
were included in this analysis based on the completeness of the patient
record. The median age of patients was 52 years and 75% (132/175)
were married. The majority of patients 82.3% (144/175) did not report
postoperative complications. The median duration of hospitalization
was 4 days (ranging 2-55 days). Results showed that 32.6% (57/175)

patients reported a considerable positive impact on their work and 44.6%
(78/175) reported improved sex lives. Of those patients operated, 77 %
(54/70) indicated satisfaction after surgery and noted improvement in their
daily lives. Dissatisfied patients had developed postoperative secondary
infections that were managed with supportive therapy. This study shows
that the management of hydrocele surgery can be done in a district
hospital setting in Mali without major complications and achieve general
patient satisfaction. Consequently, the LF morbidity management and
disability prevention project will be expanded to other HDs.

ACHIEVING THE ENDGAME: IMPROVING INTEGRATED CASE
SEARCHES FOR GUINEA WORM DISEASE AND TRACHOMA
TO ACHIEVE ERADICATION AND ELIMINATION TARGETS

Lucas E. Buyon', Randall Slaven?, Paul Emerson?, Jonathan King?,
Donald Hopkins?, Kelly Callahan2

"Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United
States, “The Carter Center, Atlanta, GA, United States, International
Trachoma Initiative, Atlanta, GA, United States, “World Health
Organization, Geneva, Switzerland

Guinea worm disease and trachoma are both neglected tropical diseases
(NTDs) slated for eradication and elimination as a public health problem,
respectively, by the World Health Organization. In 2010, The Carter Center,
the Ghana Ministry of Health and local partners, carried out integrated
case searches for rumors of possible cases of Guinea worm disease and
persons with trachomatous trichiasis (TT), the end stage of trachoma.
These case searches were conducted to meet eradication and elimination
targets. The first series of case searches were carried out in four districts,
which were searched community to community, with patients referred to
a centralized surgical facility. This method of searching did not adequately
cover the target population and resulted in low surgical uptake. The
second series of case searches, which were conducted house-to-house
with patients being offered immediate investigation of suspected Guinea
worm disease cases and TT surgical care either in the home or an adjacent
primary care facility. This method resulted in higher surgical uptake.

The house to house immediate resolution approach was also shown to
be more cost effective. The cost to investigate suspected cases of both
diseases in the house to house immediate response approach was about
USD$13.99 per case examined, compared to a cost of $19.78 per case
examined in the community with referral to surgical facilities approach.

A review of the two approaches showed significant cost differences and
favorable outcomes to the house to house immediate response approach.
This approach should be considered an option for disease “end game”
where case searches are required to meet targets. This approach should
be considered in an integration fashion with other NTDs to maximize cost
saving and efficient use of resources.

ARE WE REACHING EVERYONE AS WE MOVE FROM
CONTROL TO ELIMINATION OF NTDS: FINDINGS FROM AN
INTEGRATED TREATMENT COVERAGE SURVEY IN NORTHERN
NIGERIA

Nazaradden Ibrahim’, Safiya Sanda’, Laura Senyonjo?, Sunday
Isiyaku?

'Sightsavers, Kaduna, Nigeria, *Sightsavers, Haywards Heath, United
Kingdom

Countries like Nigeria have developed and are implementing programmes
for integrated control of Neglected Tropical Diseases (NTDs). Sightsavers
is leading consortium of partners in scale-up for elimination of NTDs

in northern Nigeria. However, little data are available to verify reported
coverages of previously conducted Mass Drug Administration (MDA).

The purpose of this presentation is to validate the reported coverage
from Community Drug Distributors (CDD) through integrated post-MDA
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coverage survey in Kaduna, Katsina and Niger states. This also highlights
differences by drug type, persons with disabilities (PWD) and reasons

for non-compliance. A population based survey using two-stage cluster
sampling methods was conducted to verify the proportion of individuals
who ingested the drugs during last rounds of MDA. Washington Group
(WG) questions were integrated into the questionnaire. Since not all drugs
were distributed at the same time, to reduce recall bias, drug samples
were shown to participants during the survey. A total of 7,688 persons
were enrolled from six Local Government Arears (LGAs) in three states.
Overall, the therapeutic coverages in survey population were lower than
those reported by CDDs. 58.6% (95% Cl 56.0-61.2) and 68.7% (95%
C166.1-71.3) swallowed Mectizan/Albendazole in Kubau and Soba

LGAs of Kaduna state respectively. Two LGAs in Katsina had coverage of
54.9% and 50.4% (95% Cl 52.3-57.4 and 47.6-52.9) while the reported
coverage was 18% and 102% respectively. Niger had survey coverage

of 66.2% (95% Cl 64.9-70.4) in one LGA while they reported 32%.
Large proportions of eligible persons with severe disability were missed
during MDA for all drugs. Among eligible population in Kaduna, 3.5% of
PWD reported ingesting Mectizan/Albendazole, while 96.5% were non-
disabled. Similar lower coverages were seen in other two states. Despite
the intervention being community driven, more efforts are required to
ensure adequate and equitable coverages are reached, and maintained at
WHO levels for elimination to be attained. These reported levels should be
verified so that appropriate measures are taken to improve coverage.

THE IMPACT OF MASS DRUG ADMINISTRATION ON
HOOKWORM AND SCHISTOSOMIASIS IN LOFA COUNTY,
LIBERIA BEFORE AND AFTER THE OUTBREAK OF EBOLA
VIRUS DISEASE

Lincoln Gankpala', Emanuel Brooks', Abakar Gankpala', Aaron T.
Momolu', Kerstin Fischer?, Joshua Bogus?, Fatorma Bolay', Gary J.
Weil2, Peter Uwe Fischer?

'Liberian Institute for Biomedical Research, Charlesville, Liberia,
?Washington University School of Medicine, St. Louis, MO, United States

Lofa County was an epicenter of the 2014 Ebola virus disease (EVD)
outbreak, and an extensive hand washing and hygiene campaign was
launched in the summer of 2014 that lasted about 18 months. We are
comparing the impact of annual (1x per year) vs semiannual (2x) mass
drug administration (MDA) with ivermectin, albendazole and praziquantel
on lymphatic filariasis, onchocerciasis, soil transmitted helminths (STH),
and schistosomiasis in 32 villages. This study focuses on results for STH
and schistosomiasis. Between 1,850 and 2,678 subjects aged 5 years and
older were screened each year by duplicate Kato Katz stool exams. Rates
and intensities of ascariasis and trichuriasis were low at baseline in 2012,
but hookworm and Schistosoma mansoni infections were rampant with
prevalence rates of 61% and 88% and geometric mean egg counts of 232
and 213 epg, respectively. Prevalence rates in the spring of 2014 following
MDA were essentially unchanged, but egg counts for hookworm and

S. mansoni were reduced from baseline by 51% and 31%, respectively.
Ebola prematurely ended our survey in 2014 and prevented MDA for 1
year, but the epidemic brought extensive changes in hygiene in the study
communities. MDA was reintroduced in April 2015, and the communities
were re-tested in the spring of 2016. At that time the hookworm
prevalence rate was only 27% (a 45% reduction from 2014), and with
only 47 epg (a 59% reduction from 2014). In contrast, the reductions

in S. mansoni prevalence (10%) and intensity (20%) during this time
interval were unimpressive. These results suggest that local elimination of
hookworm may be easier to achieve with MDA than local elimination of
schistosomiasis. We also suspect that the dramatic reduction in hookworm
after the EVD outbreak was due to improved hygienic practices that
reduced reinfection rates following MDA. The EVD outbreak provided

a unigue opportunity to study the additive impact of hygiene on top of
MDA.

FINDINGS FROM A SITUATIONAL ANALYSIS FOR
INTEGRATED COMMUNITY CASE MANAGEMENT IN RURAL
HEALTH ZONES OF HAUT-KATANGA IN THE DEMOCRATIC
REPUBLIC OF THE CONGO

Jean-Yves Mukamba', André Bope Bope?, Annie Ndaya B3, Eric
Swedberg?*, Troy Martins

'PATH, Kinshasa/Gombe, Democratic Republic of the Congo, ?PS,
Kinshasa/Gombe, Democratic Republic of the Congo, *National Program
on Diarrhea Prevention, Kinshasa/Gombe, Democratic Republic of the
Congo, “Save the Children, Fairfield, CT, United States, *PATH, Seattle, WA,
United States

Though rich with resources, the population of Katanga province in the
Democratic Republic of Congo (DRC) is primarily rural, poor and harbors
some of the highest child mortality rates in country. The province also has
the lowest ratio of health care workers (HCWs) to inhabitants, particularly
nurses (4 per 10,000 persons), and health coverage is very low: only 25%
have access to health facilities (HFs) within 5 km of distance. In response,
the DRC recently developed guidelines for implementation of integrated
community case management (iCCM). In response, the MalariaCare
partnership assessed nine health zones (HZs) in Katanga for opportunities
to develop community health sites (CHS). Following national criteria -
which include parameters for population density and preference for higher
difficulty of access to and >5km distance from the local health center - the
project found 96 eligible villages in 52 health areas (HAs) during a pre-
visit screen. Following on-site assessments, MalariaCare further modified
selection criteria to only include sites >10km & <30km from health center
with head nurses able to supervise CHS. A final group of 53 villages in 45
HAs were ultimately identified for CHS development. Several challenges
were encountered during this site selection process. For example, the
average population per village site is 2,389 persons (median population

is 2,003; range 912-7,400), exceeding the recommended 1,000 persons
(500 per community health worker—CHW) per CHS. Additionally, the
average distance between a CHS and an HF was 17.3 km [5.6-48 km],
with a median of 15 km - raising challenges for adequate supervision

and adequate resupply. This mapping exercise demonstrated that using
reasonable CHS criteria, widespan implementation of CHW-based

iCCM in this province will be challenging due to the lack of supporting
health facility infrastructure. Consequently, supervision models should

be developed to allow for the higher population densities and longer
distances from health facilities, than were originally anticipated for
implementation of iCCM in Katanga province.

DEVELOPING EVIDENCE BASED COMMUNICATION AND
SOCIAL MOBILIZATION STRATEGIES 26 MASS DRUG
ADMINISTRATION

Geordie Woods', Leah Wohlgemuth', Brian Fuller?, Rachel
Stelmach?, Alexis Serna?, Jean Jacques Tougoue?, Kathryn
Crowley?, Abdel Direny?, Margaret Davide-Smith?, Arianna Serino?,
Lisa Rotondo?, Philip Downs?, Margaret Baker?

'Sightsavers, New Orleans, LA, United States, 2RTI International,
Washington, DC, United States, *U.S. Agency for International
Development, Washington, DC, United States

There is a need for stronger, evidence based, social mobilization
approaches and information education and communication (IEC) materials
to support behavior change for mass drug administrations (MDA) in the
control of neglected tropical diseases (NTDs). In order to address this
problem a draft guide on how to design effective social mobilization
strategies and IEC materials for MDAs was developed. Results of the study
that served to guide the development of this document are presented
here. The study consisted of a desk review and four rapid case studies

- from national NTD programs supported by ENVISION, funded by the
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U.S. Agency for International Development (USAID) and managed by RTI
International. Case studies included a budget and expenditure analysis

of IEC and social mobilization budget lines, information extracted from
knowledge attitudes and practices (KAP) surveys, review of IEC and social
mobilization materials and strategies, and in-depth interviews with key
informants. The total dollar amount spent on IEC and social mobilization
as a percentage of total program costs ranged from 4.2% to 11.8%.

The items that account for the highest portion of this budget were print,
wearable items, events, town criers and radio, but this varied considerably
by county. Practices identified with potential for success across different
country settings included use of community distributors as trusted

sources of information and inclusion of messages focused on side-effects.
Opportunities for strengthening social mobilization included: revise IEC
materials that were often too technical and lacked information related to
taking part in MDAs, strengthen social mobilization and communication in
training of drug distributors, develop simple strategies based on evidence,
and evaluate materials and strategies. The resulting guide, including
templates and planning tools, is briefly presented.

A COMPREHENSIVE SUSTAINABILITY FRAMEWORK FOR
NEGLECTED TROPICAL DISEASES ELIMINATION PROGRAMS

Irene Wangeci Thuo
The George Washington University, Washington, DC, United States

Neglected tropical diseases (NTDs) are a group of 17 parasitic and bacterial
infections that cause disability and kill more than 500,000 people a year
worldwide (Hotez, 2008). The World Health Organization (WHO), the
world’s leading authority on health issues, has declared at least 10 of
these NTDs as controllable and in some cases eliminable (WHO, 2014).
Lymphatic Filariasis (LF) and onchocerciasis are two of the NTDs that are
targets for elimination by 2020 and 2025 respectively (WHO, 2014). In
order to reach the elimination goals, WHO has overseen the development
of more than 74 country specific multi-year national plans for the control
and elimination of NTDs (NTD Master Plans). These plans provide the
framework for countries to start elimination programs, rapidly scale

the programs up to reach all those in need of treatment, and to sustain
treatment for the needed duration and initiate long-term environmental
changes that prevent re-infection, as reported previosly. Sustainability
research however, reveals that the approaches recommended by WHO do
not address all the necessary steps that NTD programs must take in order
to sustain program activities and outcomes to ensure disease elimination.
More specifically, while the plans provide the necessary technical guidance
to reach control or elimination, they lack adequate guidance on how

to address non-technical aspects of sustaining the programs beyond
suggesting the strengthening of government ownership, enhancing
planning for financial sustainability and integrating control of NTDs

into national primary health care systems, as reported previously. Using
multi-case study methodology, this qualitative research adopts available
sustainability frameworks in health and development sectors to LF and
onchocerciasis elimination programs in two states, four local government
areas in Nigeria. The result is a sustainability framework that defines the
critical components of NTD programs that need to be sustained and the
means by which each of these components can be sustained.

THE ROAD TO ELIMINATION OF SCHISTOSOMIASIS AND
SOIL-TRANSMITTED HELMINTHS AS PUBLIC HEALTH
PROBLEMS: THE MALAWI STORY SO FAR

Jane M. Whitton', Samuel Jemu?, Fiona Fleming', Michelle
Clements!

'Schistosomiasis Control Initiative, London, United Kingdom, ?Malawi
Ministry of Health, Lilongwe, Malawi

Since 2012, the Malawi Ministry of Health (MoH) with technical support
of the Schistosomiasis Control Initiative, have successfully carried out four

national preventive chemotherapy (PC) campaigns totalling 14.6 million
treatments with praziquantel and albendazole to reduce schistosomiasis
(SCH) and soil transmitted helminth infections (STH). Impact surveys

have shown the Malawi programme is at a critical stage on the road to
elimination of SCH and STH as public health problems. Results from WHO
recommended monitoring and evaluation activities to assess a program

by measuring impact, performance and process are combined to illustrate
the programmes achievements. For impact evaluation, twenty-two sentinel
schools were randomly sampled for data collection in approximately 2,500
school-age children, prior to each national PC campaign. Cross-sectional
parasitological data was used to evaluate prevalence and high-intensity
infection of Schistosomiasis and STH. To validate programme performance
in terms of treatment coverage, multi-stage cluster surveys were used.

The first conducted after the 2012 treatment campaign, with subsequent
surveys carried out in 2014 and 2016. A data quality assessment (DQA)
study allowed the Malawi programme to review the effectiveness and
efficiency of the MoH reporting systems for treatment numbers. Despite
numerous challenges, reductions in prevalence and high-intensity infection
have been observed for both Schistosoma species and STH in all target
groups. Results from the coverage surveys have shown the need to
increase treatment coverage of non-attending school-age children and
adults in areas known for high transmission. Finally the DQA survey has
highlighted weaknesses in reporting process which the programme has
now adapted. The results of the surveys will be presented and illustrate
how subsequent programmatic adaptions to a program in its infancy, in
training, communication and delivery, have led to improved efficiency

and effectiveness of control efforts. The next steps, taking this program
beyond control to an elimination of as a public health problem phase, will
be discussed.

SHRINKING THE NEGLECTED TROPICAL DISEASE MAP IN
TANZANIA: TRACHOMA AND LYMPHATIC FILARIASIS

Upendo Mwingera', Maria Chikawe', Andreas Nshala', Jeremiah
Ngondi', Mathias Kamugisha?, Sarah Craciunoiu?, Katie Crowley?,
Mwele Malecela?

"Tanzania Neglected Tropical Disease Control Program, Dar es Saalam,
United Republic of Tanzania, ?National Institute for Medical Research, Dar
es Saalam, United Republic of Tanzania, *IMA World Health, Washington,
DC, United States, “RTI International, Washington, DC, United States

The Tanzania Neglected Tropical Diseases (NTD) Control Program has
made significant progress since its launch in 2009, achieving complete
geographic coverage for mass drug administration (MDA) for the 5
preventive chemotherapy (PCT) NTDs including lymphatic filariasis (LF), soil
transmitted helminths (STH), onchocerciasis, trachoma and schistosomiasis
in 2016. The results of LF transmission assessment surveys to date indicate
that transmission in some implementation units has stopped, reducing
the number of endemic districts from166 to 103, with LF remapping
confirmation in 2015. In 2009, one district met the criteria for stopping
MDA, 5 additional in 2014, and 33 additional districts by 2015 making a
total of additional 39 districts reaching criteria for stopping MDA. Thus in
2016, only 63 districts will need LF MDA. A total of 56 districts were ever
trachoma endemic above the treatment threshold (greater than or equal to
10%). Another 4 districts were endemic with prevalence between 5-9.9%
at baseline. The program also completed trachoma mapping nationwide
in 2014; only 3 districts (Chunya, Ngara and Chemba) were found to

be endemic with above 5% trachomatous inflammation, follicular (TF),
thus requiring Zithromax MDA. Impact surveys indicated that trachoma
MDA could be stopped in 22 districts, thus further shrinking the Tanzania
trachoma map. By the end of 2015 only 18 districts needed Zithromax
MDA. Additional districts are expected to achieve the TF level of <5%

and meet the WHO criteria to stop MDA in 2016. Tanzania is on track

to reach its 2020 trachoma and LF elimination targets, in line with WHO
goals provided that the program is able to sustain the scale-down trend

in MDA and strengthen other disease control and elimination intervention
measures.
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HEALTH-SEEKING BEHAVIOR FOR EPILEPSY IN AN
ONCHOCERCIASIS ENDEMIC AREA OF CAMEROON

Julia Irani’, Maya Ronse!, Alfred K. Njamnshi?, Adam Hendy',
Katja Siling’, Joseph Kamgno?®, Bob Colebunders?, Tine Verdonck?,
Sarah O’Neill", Koen P. Grietens'

'Institute of Tropical Medicine, Antwerp, Belgium, *The University of
Yaoundé 1, Yaoundé, Cameroon, *Centre for Research on Filariasis and
other Tropical Diseases, Yaoundé, Cameroon, “University of Antwerp,
Antwerp, Belgium

Certain onchocerciasis-endemic areas in central Africa, such as Northern
Uganda, South Sudan, Tanzania, the Democratic Republic of Congo,

and potentially Cameroon are affected by a severely debilitating form of
epilepsy called Nodding Syndrome (NS). In certain areas of Cameroon an
increased prevalence of epilepsy might constitute a form of NS although
diagnosis is unclear as the exact cause of the disease is still unknown. To
inform policy on health provision for epilepsy and/or NS, an ethnographic
study was carried out on local health seeking itineraries of people severely
affected by epilepsy in 5 onchocerciasis-endemic villages in the Sanaga
basin area in Cameroon. Patients generally chose between treatment in
the biomedical sector, traditional healing or religious services. Treatment
choice was mainly influenced by the cost of treatment, accessibility of
health providers and perceived aetiology of the disease. The sudden
increase of epilepsy over the last 40 years is often attributed to sorcery.
As such, epilepsy is believed to be ‘thrown at’ or ‘injected’ into people
using mystical means. While some people with epilepsy do not attend
health facilities due to these aetiological beliefs, most seek a combination
of biomedical and traditional care. As biomedical treatment is commonly
perceived to have a merely calming effect on the disease, traditional
healers are consulted to address the root of the problem, usually referring
to increased social tensions or accusations of unnatural acquisition of
wealth through sorcery. In terms of biomedical care, once satisfying
medication is found, usually no medical follow-up consultations are
solicited and additional medicine can be obtained from both official and
unofficial sources. Alternatively, a religious path can be chosen, potentially
leading to the interruption of biomedical treatment in order to let God
cure the disease. Strengthening access to appropriate care is urgently
needed as research in similar contexts has shown that even when the
disease aetiology is perceived to be sorcery, people will attend biomedical
care if this is perceived to improve patients’ condition.

DELIVERING INTEGRATED PREVENTIVE CHEMOTHERAPY EN-
MASSE FOR NEGLECTED TROPICAL DISEASES IN TANZANIA

Andreas Nshala, Maria Chikawe, Oscar Kaitaba, Edward
Kirumbi, Upendo Mwingira

Tanzania Neglected Tropical Disease Control Program, Dar es Salaam,
United Republic of Tanzania

Neglected tropical diseases (NTD) cause a serious public health problem

in sub-Saharan Africa, mostly due to poverty and inadequate sanitation.
In Tanzania, lymphatic filariasis, trachoma, onchocerciasis, soil transmitted
helminthiasis and schistosomiasis are endemic, putting all 50 million
inhabitants at risk of infection. The World Health Organization urges
member states to initiate integrated control programs using available
highly effective low cost interventions like preventive chemotherapy (PCT).
In 2009, Tanzania launched an integrated NTD program that works to
deliver mass treatments to affected communities. Program has expanded
in phases from a geographic coverage of just 27% in 2010 to 100%-

in 2010 for onchocerciasis, in 2014 for LF, and in 2016 for STH and
Schistosomiasis. By 2016, the program covers (all) 166 implementation
units with required PCT packages. The program is uniquely designed as

all interventions are delivered through the central ministry of health’s
decentralized healthcare delivery system. PCT is planned and implemented
at the district level. Treatments are distributed through community and
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school mechanisms with one reporting system countrywide. This design
makes it possible for the program to deliver large numbers PCT per
annum. A total of 55 million treatments were delivered to over 22 million
people in 2014, and 45 million treatments to over 19 million people in
2013.In 2016, the program aims at delivering 60 million treatments to
23 million people. Key to this success is an army of dedicated medicine
distributors; community based drug distributors and primary school
teachers. Their involvement increases as the program expands, from
21,902 in 2009 to 113,689 community based drug distributors in 2016
and from 3,065 to 36,985 primary school teachers. They receive training
yearly on PCT administration and are supervised by over 14,047 health
workers. Over the past 7 years, great success in delivering PCT to large and
diverse populations has been registered and Tanzania is close to reaching
the targeted end points.

TANZANIA ON TRACK TOWARDS ACHIEVING GLOBAL
GOALS FOR CONTROL AND ELIMINATION OF NTDS BY 2020,
EVIDENCE FROM THE FIELD

Boniphace llindili’, Andreas Nshala?, Jeremiah Ngondi?, Jeremiah
Ngondi?, Luke King?*, Mathias Kamugisha®, Edward Kirumbis, Delali
Bonuedié, Maria Chikawes, Upendo Mwingira'

'IMA World Health, Washington, DC, United States, ?IMA World Health,
Dar es Saalam, United Republic of Tanzania, *RTl International, Dar es
Salaam, United Republic of Tanzania, “IMA World Health, Dar es Salaam,
United Republic of Tanzania, *Tanzania Neglected Tropical Disease Control
Program, Dar es Salaam, United Republic of Tanzania, °RTl International,
Washington, DC, United States

The Regional Strategic Plan for NTDs in the African Region 2014-2020 is
guided by three key objectives which national NTD programs are working
to achieve by 2020. The objectives are to scale up access to interventions
and systems capacity strengthening; enhance planning for results, resource
mobilization and financial sustainability of National NTD programs; and
strengthen advocacy, coordination and national ownership. NTDs are
endemic in all parts of Tanzania, with an estimated 47 million people at
risk of infection with two or more NTDs. Tanzania’s NTD program targets
schistosomiasis, trachoma, lymphatic filariasis, onchocerciasis, and soil
transmitted helminthiasis through community and school-based mass drug
administration (MDA) of preventive chemotherapy. The program evaluated
the achievements of the Tanzania NTD control program toward the African
Regional Strategic goals for NTD control and elimination for the period
2014-2016. By 2014, the geographical coverage for specific disease
preventive chemotherapy was 97.94% for LF, 100% for onchocerciasis,
35.54% for schistosomiasis, 59% for STH and 100% for trachoma. With
program expansion geographical coverage rose from 64% in 2014 to
100% by end of 2016. All 26 regions and 166 districts have government
employed NTD coordinators and trained NTD secretariats managing NTD
activities. Each health facility has staff trained in NTD control program
implementation. Advocacy and sensitization for NTD control has reached
all senior government and political leaders in all regions and districts. There
are pockets of lower MDA coverage rates in hard to reach communities
and where the estimated number of school-aged children is not well
established. Evaluation results indicate that Tanzania has made progress
toward all four African regional strategy key objectives. In order for the
program to build on these significant improvements, further steps are
needed to address insufficient MDA coverage in some districts, and to
address the morbidity caused by these diseases.
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WHILE YEMEN IS HEADING TOWARDS SCHISTOSOMIASIS
ELIMINATION, WAS IT SUCCESSFUL IN ENSURING EQUITY?

Dhekra A. Annuzaili’, Abdulhakim Alkohlani2, Sami AlHaidari?,
Alaa Hamed?, Nehad Kamel?, Ahmed Alsofi#, Ryadh Bin Ismail?,
Albis Gabriele*, Michael French’

"Imperial College London, London, United Kingdom, 2Ministry of Public
Health and Population, Sana‘a, Yemen, The World Bank, Egypt, Egypt,
“World Health Organization, WHO/EMRQO, Cairo, Egypt and, Geneva,
Switzerland

The SCH (Schistosomiasis Control Programme ) ( soil transmitted
helminths) STH programme in Yemen has been suspended two times
during its cycle (2010-2016). The first was in 2011-2012 due to the
involvement of Yemen in the Arab spring that led to a revolution

against the former regime, and in 2015- until current due to civil war
between several armed militias from one side and an external war with
neighbouring countries from the other side. The programme has resumed
since February 2016 despite the continuation of war. Meanwhile, over

25 million free treatments (using 62 million tablets of praziquantel and
25 million tablets of albendazole) have been provided to Yemenis living

in endemic areas for schistosomiasis and soil transmitted helminths
during the years of 2010 -2015. Yemen NTD programme mainly the
schistosomiasis and the soil transmitted helminths has reached to a stage
that following treatment the proportion of infected districts that are low
has risen from 14.9% in 2010 to 87.1% in 2014 indicating that the large
majority of the country is now classified as low infection. The Infection
levels in districts followed-up have more than halved from 19.8% to 8.4
and the proportion of heavy or heavy/medium infections the prevalence
before and after treatment has also fallen substantially (less than 4%). The
programme implemented MDAs and surveys in some conflict areas and
even targeted marginalized groups. In addition, it has been successful in
keeping the gender balance among females and males SAC by the MDAs,
and have achieved a considerable coverage among enrolled and non-
enrolled SAC.

IDENTIFICATION AND BIOLOGICAL CHARACTERIZATION
OF NOVEL PHARMACOLOGICALLY ACTIVE COMPOUNDS
OBTAINED FROM HIGH THROUGHPUT SCREENING OF
LEISHMANIA PARASITE

Bilal Zulfiqar, Amy J. Jones, Todd B. Shelper, Vicky M. Avery
Griffith University, Brisbane, Australia

Leishmania is a trypanosomatid protozoan parasite which causes the
disease leishmaniasis. The mode of transmission of this disease is via the
bite of a sandfly, genus Phlebotomus (old world) and Lutzomyia (new
world). Leishmaniasis is endemic in 88 countries worldwide and each day
new cases emerge with increased morbidity and mortality. Presently, 12
million people are infected and around 350 million people are constantly
at risk of acquiring this disease. The life cycle of Leishmania parasite
exists between the sand fly (promastigote form) and the mammalian
host (amastigote form). According to clinical manifestations leishmaniasis
can be characterized as cutaneous, muco-cutaneous or visceral
leishmaniasis; the latter being fatal. The disease itself is treatable but
faces many challenges mainly due to emerging resistance and increased
toxicity from current drugs. The therapeutic efficacy varies depending
upon the disease pattern, species and geographical distribution of the
parasite. An automated assay suitable for high throughput screening
(HTS) is desperately needed which is cost effective and robust for the
selection of a hit molecules for optimization as a therapeutic candidate.
In an aim to identify compounds with activity against L. donovani DD8
parasites, a primary screen of 5000 structurally diverse compounds was
performed using the promastigote viability assay (extracellular form) and
an intracellular amastigote assay. Confirmation of activity was performed

together with cytotoxicity studies against THP-1 (host cell) and HEK-293
cell lines. The HTS approach employed here resulted in the discovery of a
new anti-leishmanial compound with an IC, of 0.592 + 0.139 uM against
the intracellular form of the parasite and IC,, of 2.374 + 0.859 uM against
the extracellular form. Screening data and results from additional assays
such as cidal-static and time to kill assays, plus % infectivity in the host
cells after pre-incubation with the compound will be presented.

VALIDATION OF POINT-OF-CARE MOLECULAR TESTING FOR
DIAGNOSIS OF ULCERS DUE TO LEISHMANIA, FUNGI AND
MYCOBACTERIA

Braulio M. Valencia', Rachel Lau?, Ruwandi Kariyawasam?,
Alejandro Llanos-Cuentas’, Andrea K. Boggild?

'Instituto de Medicina Tropical, Lima, Peru, ?Public Health Ontario
Laboratories, Toronto, ON, Canada, University of Toronto, Toronto, ON,
Canada

Due to the highly toxic nature of standard drugs used in the treatment

of cutaneous leishmaniasis (CL), and overlapping clinical features of CL
with ulcers due to fungal and mycobacterial infections, confirmatory
diagnostic testing must be undertaken. We evaluated the performance
characteristics of a handheld battery operated device for differentiation
of Leishmania from known fungal and mycobacterial causes of cutaneous
ulcers. Using ATCC strains of Leishmania (L. V. braziliensis, L. V.
panamensis, L. V. guyanensis), mycobacteria (M. abscessus complex) and
fungi (Paracoccidioides brasiliensis), we validated PalmPCR for detection of
Leishmania, fungal, and mycobacterial species known to cause cutaneous
ulcers. We further validated the device for detection of Leishmania from
clinical specimens including filter paper lesion impressions, cytology
brushes, and tissue. Respective primers targeted a conserved region of
kinetoplast DNA (kDNA) for detection of Leishmania, pan-mycobacterial
Hsp65, and pan-fungal D1D2 regions. PCR products were visualized
using the EGel Go reader, a portable battery-operated system for agarose
electrophoresis. Outcome measures were sensitivity and specificity, where
conventional end-point or real time PCR was the reference standard.
Compared to the reference standard, the PalmPCR device detected

100% of ATCC strains of Leishmania, fungi, and mycobacteria. There
was no cross-reactivity of primers with any negative control. The PalImPCR
device accurately categorized clinical specimens as positive or negative
for Leishmania 94.1% of the time (16/17 specimens), yielding sensitivity
and specificity of 91.7% and 90.0%, respectively. Positive predictive
value and negative predictive value were 91.7% and 90.0%, respectively,
for detection of Leishmania. We have verified that the PalImPCR device
performs comparably to conventional end-point or real time PCR for

the detection of Leishmania, fungi, and mycobacteria. This work has
implications for CL diagnostic process improvement, and has the potential
to improve point-of-care diagnostic sensitivity compared to conventional
tests such as smear.

EVALUATION OF MACROPHAGE ACTIVATION MARKER
NEOPTERIN AS A PHARMACODYNAMIC BIOMARKER IN
VISCERAL LEISHMANIASIS

Antonia E. Kip', Ahmed Musa?, Eltahiri A. Khalil,, Monique
Wassuna?, Fabiana Alves*, Thomas P. Dorlos

"Antoni van Leeuwenhoek Hospital/Slotervaart Hospital, Amsterdam,
Netherlands, ?Institute of Endemic Diseases, University of Khartoum,
Khartoum, Sudan, *Drugs for Neglected Diseases initiative, Nairobi, Kenya,
“Drugs for Neglected Diseases initiative, Geneva, Switzerland, *Dept.
Pharmaceutical Biosciences, Uppsala University, Uppsala, Sweden

Visceral leishmaniasis (VL) is caused by the Leishmania parasite, which
replicates within host macrophages, thereby increasing the overall
macrophage biomass which decreases again with waning parasitic
infection. The aim of this study was to evaluate neopterin - a macrophage
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activation marker - as possible pharmacodynamic (PD) marker to monitor
VL treatment response, for which recrudescence of parasites is a long-
term event which is difficult to predict. Samples were collected from

VL patients in Sudan and Kenya receiving 1) a combination therapy of

1 liposomal amphotericin B (L-AmB) infusion followed by 10 days of
miltefosine (L-AmB+MIL, 48 patients) or 2) 28 days of miltefosine (MIL,

48 patients). Neopterin was quantified with an ELISA kit in 498 plasma
samples collected on miltefosine treatment day 1, 7, 11 (L-AmB+MIL),

14 and 28 (MIL) and 1 and 6 months after treatment. Baseline neopterin
levels were elevated in all VL patients with a mean+SD of 135+93.4
nmol/L, regressing during treatment to 45.4+40.0 nmol/L (L-AmB+MIL)
and 34.0+29.4 nmol/L (MIL). Neopterin levels were stable during the first 7
treatment days for monotherapy patients (111+70.4 nmol/L to 109+56.4
nmol/L), while levels of combination therapy patients halved (160+107
nmol/L to 74.0+65.8 nmol/L). 19 patients received rescue treatment within
6 months after treatment. These relapsed patients showed a significantly
higher fold-increase in neopterin levels within 1 month after treatment
(2.17£0.91) than patients that cured (1.04+0.81, p<0.001, Mann-Whitney
U test). In combination therapy, neopterin concentrations one day after
L-AmB infusion were significantly higher for cured (173112 nmol/L) than
for relapsing patients (98.2+49.6 nmol/L, p<0.01, Mann-Whitney U test).
In conclusion, neopterin dynamics differed between the two treatment
arms. The, possibly prognostic, initial surge in neopterin levels in cured
combination therapy patients could imply an instant immunomodulatory
effect of L-AmB on the Th1 response. Another possible marker in
predicting treatment failure in VL is the relative neopterin concentration
increase within 1 month after treatment.

CHARACTERIZATION OF NEW CHEMICAL SCAFFOLDS FOR
THE TREATMENT OF HUMAN AFRICAN TRYPANOSOMIASIS

Amy J. Jones', Marcel Kaiser?, Vicky M. Avery!

'Eskitis Institute for Drug Discovery, Brisbane, Australia, 2Swiss Tropical and
Public Health Institute, Basel, Switzerland

Trypanosoma brucei rhodesiense and T. b. gambiense are the aetiological
agents of Human African Trypanosomiasis (HAT), a neglected, parasitic
disease prevalent in sub-Saharan Africa. The number of cases of HAT

has declined by over 80% in the last 20 years due to the introduction

of rigorous surveillance and treatment programs. However, to achieve

the goal of eliminating HAT as a public health problem by 2020, new
molecules are needed as currently available drugs have limited efficacy,
poor safety profiles and protracted, impractical administration schedules.
This abstract describes preliminary ADME and mechanism of action
studies of a novel class of promising anti-trypanocidal compounds. A
novel class of anti-trypanocidal compounds was previously identified
through a HTS whole cell screening campaign against T.b. brucei.
Analogues were evaluated against T.b. brucei and the human infective
subspecies Tb. gambiense and T.b. rhodesiense to build basic structure
activity relationships and aid prioritization of lead compounds. Lead
compounds underwent physiochemical and metabolism assessment and
development of resistant strains was initiated to gain insights into possible
molecular targets. Following evaluation of over >30 structural analogues,
3 compounds were prioritized based on anti-trypanocidal activity and
medicinal chemistry properties. The compounds exhibited IC, | values
ranging from 0.32 to 4.83 pM against the human infective subspecies
T.b. rhodesiense and T.b. gambiense . Preliminary metabolism studies in
human and murine microsomes reveled extensive non-NADPH mediated
degradation that will need to be addressed through chemical modification
of the molecules. In conclusion, the compounds identified in this study
are potent, selective trypanocidal agents. Preliminary mechanism of action
studies are currently in progress to identify to the molecular target of

the molecules to allow the development of more potent analogues with
improved metabolic stability which can be progressed along the drug
discovery pipeline for HAT.

A RETROSPECTIVE REVIEW OF THE HOSPITAL FOR TROPICAL
DISEASES LEISHMANIASIS CASES IN 2013-2015

Katherine M. Gaskell, Rachael Burke, Margaret Armstrong,
Diana Lockwood

Hospital for Tropical Diseases, London, United Kingdom

The Hospital of Tropical Diseases (HTD) at University College Hospital
London (UCLH) is a national center for treatment of Leishmaniasis.
Guidelines for the Treatment of Leishmaniasis in travelers differ
worldwide with varying outcomes. \We retrospectively reviewed 38 cases
of Leishmaniasis treated at HTD during 2013-15. We collected data on
demographics, travel exposure, causative species, lesion location and
number, treatment regimens and outcomes. 25(66%) were male, median
age was 33.5 years old, range (17-81 years). We describe the severity at
presentation by lesion number, size and location. 17(45%) of cases were
Old World Leishmania infections. We used Leishmania DNA PCR to identify
species of which 21(55%) patients had infections with Leishmania Vianna,
a subspecies of L. braziliensis. 10 (26%) were acquired in the Peruvian
Amazon. Amastigotes were identified in 20 (61%) of PCR positive
biopsies. 3(9%) presented mucocutaneous leishmaniasis (MCL), 2 of 3
were L.Donovani infections acquired in Spain with vocal cord lesions and
without skin involvement. 4(11%) presented with Visceral Leishmaniasis
and treated with Intravenous (IV) Ambisome. All Cutaneous Leshmaniasis
(CL) cases are managed as outpatients. 21(64%) Received daily IV
Sodium Stibogluconate (SSB), 17(81%) of these L. Vianna infections.
Most patients reported side effects with a wide range in severity. 6(18%)
received treatment with oral Miltefosine with no treatment failures. In
patients receiving IV SSB 2 (9%) failed on first line treatment, one was
subsequently treated with oral Miltefosine and one with intra-lesional

SSB both successfully. Side effects included mild reversible transaminitis,
reversible QT prolongation, mild anaemia and Leucopenia. The majority
of CL presenting to the HTD is in young adults with L.Viannia from the
Peruvian Amazon and Central America. Risk of progression to MCL is low;
treatment is well tolerated with a low relapse rate in our setting.

A LOOP-MEDIATED IS OTHERMAL AMPLIFICATION (LAMP)
KIT FOR MOLECULAR DETECTION OF TRYPANOSOMA CRUZI
DNA: A FEASIBILITY STUDY

Susana A. Besuschio’, Monica Llano Murcia?, Alejandro Benatar,
Maria de los Angeles Curto’, Israel Cruz?, Séverine Monnerat?,
Albert Picado?®, Concepcion Puerta?, Joseph Ndung'u?, Alejandro
G. Schijman’

"Laboratorio de Biologia Molecular de la Enfermedad de Chagas, INGEBI-
CONICET, Buenos Aires, Argentina, *Pontificia Universidad Javeriana,
Bogota, Colombia, *FIND, Geneva, Switzerland

Loop-mediated isothermal amplification (LAMP) tests have been developed
as molecular tests for neglected parasitic diseases such as leishmaniasis

or sleeping sickness. A LAMP test for Trypanosoma cruzi, the etiological
agent of Chagas Disease (ChD), would allow a rapid and reliable diagnosis,
in particular in cases of acute and congenital ChD (CChD). We evaluated
the performance a Trypanosoma cruzi LAMP kit using purified DNA, spiked
blood and clinical specimens. Quantitative PCR (QPCR) was used as a
reference. Different extraction methods for LAMP were also evaluated. The
LAMP reaction was performed at 62.5°C for 45 min. Analytical sensitivity
was measured in ten-fold dilutions of CL Brener (TcVI) and Silvio X10

(Tcl) DNA. Analytical specificity was measured using ten-fold dilutions of
different Leishmania species and Trypanosoma rangeli DNAs as well as
non-infected human DNA. Seronegative blood in EDTA (EB) or heparin (HB)
was spiked with ten-fold dilutions of CL Brener. EB spiked blood was also
used as dried blood spot (DBS). Stored DNA from EB clinical samples was
tested, including 4 Congenital ChD cases, 5 Chronic ChD cases with low
parasite loads, 10 immunosuppressed ChD patients and 5 seronegative
controls. DNA extraction was done with a commercial kit (EB, HB and DBS
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samples) and using the boil & spin (B&S) method (HB samples only). The
T. cruzi LAMP kit showed better analytical sensitivity than qPCR in purified
DNA specimens, especially for Tcl DNA. Analytical sensitivity was 107 and
107" par.eq/mL from spiked EB and HB extracted by columns, respectively,
and 102 par.eg/mL from HB using B&S. The analytical sensitivity in DBS
samples was 107 par.eq/mL. T. cruzi LAMP was positive in congenital and
immunosuppressed ChD samples spanning from 4.8 to 3,684 par.eg/ml,
in agreement with gPCR. Chronic ChD samples were only detectable by
gPCR, with Ct values below the limit of quantification. The kit was specific
for T cruzi DNA and samples from seropositive patients. The preliminary
results demonstrate the potential of using T. cruzi LAMP as a molecular
test for CChD and Chagas reactivation.

ANALOGS OF THE NATURAL PRODUCT CHAMUVARININ
TARGET THE TRYPANOSOMATID FOF1-ATP SYNTHASE
MITOCHONDRIAL COMPLEX V

Stefanie K. Menzies, Lindsay B. Tulloch, Andrew L. Fraser,
Eoin R. Gould, Elizabeth F. King, Marija K. Zacharova, Gordon J.
Florence, Terry K. Smith

University of St Andrews, St Andrews, United Kingdom

Current treatments for trypanosomatid diseases are outdated,

increasingly ineffective and associated with severe adverse effects. We
recently reported trypanocidal activity of a series of novel synthetic bis-
tetrahydropyran 1,4-triazole (B-THP-T) analogs based on the framework
of the natural product chamuvarinin, an acetogenin first synthesized by
our groups. Acetogenins are potent inhibitors of the human mitochondrial
Complex I, however our compounds show potent inhibitory activity against
bloodstream form Trypanosoma brucei, in which Complex | is absent,

thus chamuvarinin must target another protein in the trypanosomatids.
The mode of action of our B-THP-T compounds is unknown so this

work aimed to identify their target in Leishmania major and T. cruzi. We
synthesized a series of B-THP-T analogs for use in photo-affinity labeling
(PAL), to covalently tag our target for protein target identification in vivo.
We subsequently identified the FoF1-ATP synthase (mitochondrial complex
V) as a potential target of our compounds using pull-down experiments.
Next we undertook a series of biological analyses to validate this pull-
down. By labeling B-THP-T-tagged proteins with the Cy5.5 fluorophore we
confirmed that the target is mitochondrial by fluorescence co-localization.
Using a luciferase-based ATP quantitation assay we show that B-THP-T
compounds inhibit cellular ATP production and that they ablate oxidative
phosphorylation. Taken together, these data indicate that our B-THP-T
compounds are trypanocidal through their mitochondrial targeting of the
FoF1-ATP synthase. We are using genetic manipulation of T cruzi and L.
major FoF1 ATP synthase subunits to validate these findings. With the
target of our bis-tetrahydropyran 1,4-triazoles identified as mitochondrial
complex V a structure-based approach can be used to optimize inhibitor
potency and specificity.

MULTIPLEX BEAD ASSAY FOR DETECTION OF ANTIBODY
RESPONSES AGAINST TRYPANOSOMA CRUZI USING NOVEL
PENTAVALENT ANTIGENS TCF26 AND TCF43

Guilherme Maerschner Ogawa', Circe McDonald?, Malcolm
Duthie3, Steven Reed?, Vitaliano A. Cama*

'Centers for Disease Control and Prevention-CNPq Fellowship, Atlanta, GA,
United States, ?IHRC Inc., Atlanta, GA, United States, 3Infectious Disease
Research Institute, Seattle, WA, United States, “Centers for Disease Control
and Prevention, Atlanta, GA, United States

Serological assays for Chagas disease are important for case detection,
screening of donated biological materials, and could also be used in
serosurveillance. We evaluated two novel multivalent antigens TcF26
and TcF43 in a multiplex bead assay (MBA). Each of these recombinant
antigens expresses 5 reactive epitopes, previously reported to increase

the sensitivity and specificity in single-plex assays. Each pentavalent
antigen was optimally coupled to a specific classification of Seromap
polystyrene beads for use in MBA. Assay performance parameters were
determined with a panel of 108 samples previouslly characterized by
radioimmunoprecipitation assay (RIPA) (44 were RIPA +, 64 RIPA -) plus 24
samples from a non-endemic area, and results were analyzed by receiver
operating characteristic (ROC). For TcF26, positive samples had a average
reactivity of 14,307 fluorescent units (range 68-25,419) and negatives
98.5 units (7-1,157) respectivelly. The cut-off for positivity was 711.5,
providing 98.9% specificity, 93.3% sensitivity, negative predicted value
(NPV) of 96.6% and positive predicted value (PPV) of 97.3%. For TcF43,
positive samples had a average of 20,272 units (range 2,670-28,542)
while negatives had 1,434 units (29-10,955); a positive cut-off was
established at 3,654 units and provided 89.8% specificity, 97 % sensitivity,
NPV of 98.75% and PPV of 80.85%. The combined analysis of these
results, using TcF43 for first line screening followed by confirmation with
TcF26 results, resulted in sensitivity of 92.5%, specificity of 98.9%, NPV
of 96.8% and PPV of 97.4%. The incorporation of these antigens into
MBA would allow parallel testing against multiple analytes for Chagas.
Although preliminary, these results suggest the potential advantages of
detecting antibodies against these antigens in MBA testing for Chagas
disease.

MINIMIZING THE COST OF CONGENITAL CHAGAS DISEASE
IN THE UNITED STATES THROUGH MATERNAL SCREENING

Eileen Stillwaggon, Victoria Perez-Zetune
Gettysburg College, Gettysburg, PA, United States

Chagas disease, caused by Trypanosoma cruzi, is transmitted by

insect vectors, as well as through blood transfusion, organ transplant,
consumption of insect feces in food and water, and from mother to
child during gestation. Programs of vector control and screening of
blood products and transplant organs have been successful in reducing
transmission. Congenital infection, however, could perpetuate Chagas
indefinitely, even in countries with no or almost no autochthonous
vector transmission. Even mothers who themselves have been infected
congenitally and who are not symptomatic can transmit to their babies.
About 30% of infected persons will develop lifelong cardiac or digestive
complications that can be fatal. Treatment of infants with benznidazole
has close to 100% cure rate, and efficacy in adults is estimated between
40% and 70%. This is the first study of the costs of screening and
treatment for Chagas in the United States. We construct a decision-
analytic model to find the cost-minimizing option, comparing the costs
of testing and treatment, as indicated, for mothers and infants with

the lifetime societal costs of no testing and consequent morbidity and
mortality due to lack of treatment or late treatment. We find that a
protocol of screening and treatment is cost-minimizing for all rates of
congenital transmission between 1% and 10% and all levels of maternal
prevalence above 0.2%. Lifetime societal savings due to screening and
treatment are more than $4000 per Hispanic birth. There are more than
900,000 births to Hispanic women in the United States per year. Educating
obstetricians to offer prenatal or cord blood serologic screening to Hispanic
mothers makes it possible to treat mothers, infants, siblings, and other
family members at risk of serious Chagas morbidity.

SODIUM STIBOGLUCONATE AND PAROMOMYCIN FOR
TREATING VISCERAL LEISHMANIASIS UNDER ROUTINE
CONDITIONS IN EASTERN SUDAN

Atia A. Mohammed Atia
KalaCORE DfID, UK-London and SUDAN-Khartoum, Sudan

objectives Among patients with primary and relapse visceral leishmaniasis
(VL) in eastern Sudan, we determined the proportion eligible for treatment
with sodium stibogluconate and paromomycin (SSG/PM) and, of these,
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their demographic and clinical characteristics; initial treatment outcomes
including adverse side effects requiring treatment discontinuation;
treatment outcomes by 6 months; and risk factors associated with initial
(slow responders) and late treatment failure (relapses and postkala- azar
dermal leishmaniasis, PKDL). methods A retrospective cohort study in
Tabarak Allah Hospital, Gedaref Province, eastern Sudan, from July 2011
to January 2014. results Of 1252 individuals diagnosed with VL (1151
primary and 101 relapses), 65% were eligible for SSG/PM including 83%
children, almost half of them malnourished and anaemic. About 4% of
individuals discontinued treatment due to side effects; 0.7% died during
treatment. Initial cure was achieved in 93% of 774 primary cases and 77 %
of 35 relapse cases (P < 0.001). Among the 809 patients eligible for SSG/
PM, 218 (27 %) were lost to follow-up. Outcomes by six months among
the 591 patients with available follow-up data were: definitive cure (n =
506; 86%), relapse (n = 38; 6%), treatment discontinuation (n = 33; 6%),
PKDL (n = 7; 1%) and death (n = 7; 1%). Among those completing a full
course of SSG/PM, relapses and under-fives were at significantly higher
risk of early and late treatment failure, respectively. conclusion Whether
SSG/PM as a first-line regimen is an undeniable progress compared to SSG
monotherapy, it excluded a considerable proportion of VL patients due to
drug safety concerns. We call for accelerated development of new drugs
and treatment regimens to improve VL treatment in Sudan.

CLINICAL EVALUATION OF A RAPID DIAGNOSTIC TEST
FOR GAMBIENSE HUMAN AFRICAN TRYPANOSOMIASIS
DEVELOPED USING RECOMBINANT ANTIGENS

Crispin Lumbala', Sylvain Bieler?, Simon Kayembe', Jacquies
Makabuza', Stefano Ongarello?, Joseph Ndung'u?

'PNLTHA, Kinshasa, Democratic Republic of the Congo, *FIND, Geneva,
Switzerland

Diagnosis and treatment are the cornerstones of strategies to control
Trypanosoma brucei gambiense human African trypanosomiasis (HAT).
Screening using serological tests is the entry point in diagnostic algorithms.
Until recently, the Card Agglutination Test for Trypanosomiasis (CATT)

was the only screening tool used routinely. This test has a number of
limitations, including bulk packaging and need for equipment and
electricity. These have recently been addressed by the introduction of
rapid diagnostic tests (RDTs). However, current RDTs are manufactured
using native antigens that are costly and challenging to produce. An RDT
developed using recombinant antigens was evaluated by passive screening
in 10 sites, and by active screening in 5 mobile teams in the Democratic
Republic of the Congo. CATT, an RDT produced using native antigens

(SD BIOLINE HAT), and the new RDT (SD BIOLINE HAT 2.0) were used to
screen 57,632 individuals and interpreted blindly by two readers. 260

HAT cases were confirmed by parasitology. When results of both active
and passive screening were combined, the sensitivity of the screening
tests was 62.5%, 59.0% and 71.2%, and the specificity was 99.2%,
98.9% and 98.1%, respectively. Sensitivity estimates were lower than
previously reported, as some HAT cases were detected by one test and not
the others. Sensitivity in passive screening (74.6%, 70.0% and 90.1%)
was higher than in active (51.8%, 49.2% and 54.8%). The difference
may be attributed to differential expression of antigens by parasites over
time, resulting in immune responses to multiple antigens with advancing
disease. While sensitivity of the tests was already high in passive screening,
combining the SD BIOLINE HAT with the SD BIOLINE HAT 2.0 resulted

in higher sensitivity (98.4%). This effect was more pronounced in active
screening, where the sensitivity of all 3 tests was low, and combining the
two RDTs resulted in a greatly improved sensitivity (83.0%). While the
cost-effectiveness of algorithms including several screening tests should be
investigated, this study has demonstrated that using two or more tests to
screen for HAT greatly improves sensitivity.

IMPROVED ACCESS TO DIAGNOSTICS FOR RHODESIENSE
SLEEPING SICKNESS AROUND A CONSERVATION AREA
IN MALAWI RESULTS IN EARLIER CASE DETECTION AND
REDUCED MORTALITY

Marshal Lemerani', Sylvain Bieler?, Fredrick Jumah', Paul Bessell®,
Joseph Ndung'u?

"Ministry of Health, Malawi, Lilongwe, Malawi, ?FIND, Geneva,
Switzerland, 3Epi Interventions Ltd., Edinburgh, United Kingdom

Trypanosoma brucei rhodesiense human African trypanosomiasis (HAT)
presents as an acute form of disease that develops rapidly, advancing into
a neurological form that can only be treated with melarsoprol, an arsenic
drug that has been reported to cause death to 5-10% of treated patients.
It is a zoonosis that is transmitted by tsetse flies from wild and domestic
animals, which are the main reservoirs. Elimination of rhodesiense HAT

is challenging, particularly when the reservoirs are in conservation areas.
Bringing diagnostic services for rhodesiense HAT closer to the populations
that are at risk would increase chances of detecting cases in early

stages of disease, when treatment is safer and more effective. Malawi is
endemic for rhodesiense HAT, especially among populations living around
conservation areas. Since 2010, between 18 and 35 new HAT cases

have been reported annually in the country. Most of the infections occur
around Vwaza Marsh Game Reserve, located in the north of Malawi. Until
2013, diagnosis of HAT in the region was only available at the Rumphi
District Hospital, more than 60 km away from the game reserve. In 2013,
the Ministry of Health of Malawi, in a partnership with FIND, initiated a
project that radically enhanced passive detection of HAT in health facilities
located around Vwaza Marsh. The capacity of 5 facilities to confirm the
disease in clinical suspects was strengthened by upgrading laboratories
and training technicians. Facilities were also supplied with equipment for
parasitological diagnosis of rhodesiense HAT, including centrifuges and
LED fluorescence microscopes. One facility was upgraded to perform
LAMP, a highly sensitive and field applicable molecular test for detecting
parasite DNA. Between August 2014 and March 2016, 49 HAT cases were
diagnosed with this new strategy. Between January and March 2016, all
of the 13 cases that were diagnosed were treated successfully. Compared
to years before the project was initiated, data obtained so far indicate that
the availability of diagnostic services closer to where people get infected
promotes earlier case detection, better prognosis and reduced mortality.

IMPROVED ACCESS TO PASSIVE SCREENING FOR
GAMBIENSE HUMAN AFRICAN TRYPANOSOMIASIS DETECTS
MOST PATIENTS IN FIRST STAGE DISEASE

Crispin Lumbala’, Simon Kayembe', Jacquies Makabuza', Albert
Picado?, Paul Bessell?, Sylvain Biéler?, Joseph M. Ndung’u?

'National Sleeping Sickness Control Programme, Kinshasa, Democratic
Republic of the Congo, Foundation for Innovative New Diagnostics,
Geneva, Switzerland, *Epi Interventions Ltd, Edinburgh, United Kingdom

Majority of gambiense human African trypanosomiasis (HAT) cases
detected in a new passive screening strategy implemented in Kongo
Central province, Democratic Republic of the Congo, are in early or 1
stage disease, which is easier and safer to treat than late or 2" stage
disease. The strategy, which is integrated in the primary healthcare
system, involves performing a HAT rapid diagnostic test (RDT) on a patient
with symptoms suggestive of HAT but negative for malaria (or positive

for malaria but still symptomatic after malaria treatment). If the HAT

RDT is positive, the patient is referred for parasitological testing, and if
confirmed, is treated. When a patient is negative by microscopy, further
testing is done using a molecular test for parasite DNA known as LAMP. If
a patient is at a facility that does not have LAMP, a blood sample is dried
on filter paper and taken to a LAMP facility by a project motorcycle. LAMP
positive patients are considered strong HAT suspects and undergo further
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tests by microscopy, a requirement for case confirmation according to
WHO guidelines. Roll-out of the strategy was preceded by introduction

of HAT RDTs in all 597 public health facilities in the endemic region; 23
strategically located facilities were upgraded to perform confirmatory
testing, including LED fluorescence microscopy, and 5 among them to also
perform LAMP, with appropriate training in all facilities. This reduced the
median distance travelled by referred patients to 11.2km, and the median
distance that samples are transported for LAMP to 33km. 32 HAT cases
were detected from July 2015 to March 2016; 19 (59%) of them were
identified as suspects after testing positive with HAT RDTs at facilities that
were not previously screening for HAT. Furthermore, 21 (66%) were in

15t stage disease, a significant paradigm shift from the past when most
cases identified passively would be in late or 2" stage disease. With the
new strategy, the population at risk is fully covered, patients are screened
for HAT on their first contact with the health system, and access to
confirmatory diagnosis is improved. This is an important approach in the
push to eliminate gambiense HAT.

DIRECT MEMBRANE FEEDING AS SAYS FOR ESTABLISHING
XENODIAGNOSIS STUDY IN VISCERAL LEISHMANIASIS: A
PROOF OF CONCEPT STUDY

Shyam Sundar’, Puja Tiwary', Shakti Kumar Singh?, Om Prakash
Singh', Anurag Kushwaha', Edgar Rowton?, Phillip Lawyer?, David
Sacks?

'Institute of Medical Sciences, Banaras Hindu University, Varanasi, India,
?Division of Entomology, Walter Reed Army Institute of Research, Silver
Spring, MD, United States, 3Laboratory of Parasitic Diseases, National
Institute of Allergy and Infectious Diseases, National Institutes of Health,
Bethesda, MD, United States

The role of reservoir in transmission of anthroponotic VL is inadequately
understood, and needs to be quickly elucidated in the context of an
elimination program. With this view, a xenodiagnosis study to investigate
the role of Leishmania donovani-infected individuals from across the
infection spectrum in driving the transmission of endemic VL is need to be
established. Further, to gain an insight into the mechanism that governs
Leishmania infection, it is important to understand the context of the
dose of parasite which is likely to affect the evolution of the disease. In
the present study, we performed chick skin membrane feeding using sand
fly to find out infective dose requisite for detection of the parasite in the
sand fly midgut. colony of Phlebotomus argentipes developed using at
Kala Azar Medical Research Center (KAMRC), Muzaffarpur, Bihar (India).
Females of P argentipes were fed on heat inactivated human blood for
1-2hr through a chick-skin membrane feeder containing 2x103, 2x10%,
2.5x10% 5x10% and 2x10° promastigotes/0.5ml. A group of 20-30 unfed
flies kept in feeding cup and the membrane feeders were placed upon
the feeding cups. Membrane feeders were fixed in a circulating water
bath maintained at 40°C. Blood fed females were separated and kept

in one pint paper cup provided with 30% sugar solution in incubator.
Midguts of fully blood fed females were dissected at 24, 48, 72, and 96
hours post-infection and observed under microscope for the presence
Leishmania promastigotes. The dose at which parasite detected was 2x10°
promastigotes/0.5ml among several concentration used. Although the
parasite detection was very less at 24 hr (1or 2) but at 48 and 72hr many
parasite were observed. Further, no parasite was seen after 96 hr. Different
promastigote forms were seen in the infected flies. Among these included
procyclic promastigotes, nectomonads and haptomonads, metacyclic
promastigotes. In conclusion, with this experiment, it can be concluded
that sand flies colony developed is permissive for Leishmania parasite
intake from human blood and outfitted for xenodiagnostic experiments.

EFFECT OF N6-(FERROCENMETHYL)QUINAZOLIN-
2,4,6-TRIAMINE ON MURINE MODEL OF CUTANEOUS
LEISHMANIASIS

Norma Galindo-Sevilla', Francisco Hernandez-Luis?, Cesar
Mendoza-Martinez?, Alejandro Rodriguez-Lezama®, Laura
Quinonez-Diaz®

'Instituto Nacional de Perinatologia, Mexico, City, Mexico, *Facultad de
Quimica, Departamento de Farmacia, Universidad Nacional Autonoma
de Mexico, Mexico, City, Mexico, *Programa de Maestria y Doctorado en
Ciencias Quimicas, Universidad Nacional Autonoma de Mexico, Mexico,
City, Mexico, “Tegsiquim, S.A. de C.V., Toluca, Edo. Mexico, Mexico,
*Division de Ciencias de la Salud, UJAT, Villahermosa, Tabasco, Mexico

Treatment for leishmaniasis began more than 100 years ago with the
introduction of antimonials. Efforts have been done to improve efficacy,
increase tolerability, diminish toxicity and parasite resistance as well

as abate the cost. However, we are still far from reaching even half of
those goals, meaning an urgent need to increase efforts in the search for
compounds with improved characteristics. Recently, the synthesis, chemical
characteristics, IC50 (50% inhibitory growth concentration) and in vitro
parasite effects were described for N6-(ferrocenmethyl)quinazolin-2,4,6-
triamine (H2). Here, we are reporting H2 effect over Leishmania mexicana
infected mice on foot pad. BALB/c infected mice with MNYC/BZ/62/M379
Leishmania strain were treated IM with 4 mg kg-1 daily during 28 days

in groups of five animals per cage. All mice had visible and measurable
lesions at the beginning of the compound administration. One group for
vehicle (20% DMSO) and other for meglumine antimoniate 120 mg kg-1
were used for comparison, with four groups of treatment for compound.
Mice receiving vehicle or meglumine antimoniate shown the expected
lesion growing, while mice receiving H2 compound stop the lesion growth
during treatment, showing 50% less lesion size than vehicle or meglumine
antimoniate in a model of resistant Leishmania mexicana infection. Any
death was registered during this scheme of treatment, with dynamic
animals. Lesion growth resumed two weeks after treatment ended,
reaching 25% less lesion size than vehicle at third week after treatment
end, while meglumine antimoniate was 10% up of the vehicle lesion

size. This is our fifth experiment, with similar results. As a conclusion,
N6-(ferrocenmethyl)quinazolin-2,4,6-triamine (H2) had better effect than
meglumine antimoniate over lesion size by Leishmania mexicana infection.
A complete parasite elimination has not been reached yet, however dose
and treatment length could be increased in the future.

ANTI-LEISHMANIA ANTIBODIES IN SAMPLES OF BLOOD
DONORS FROM ENDEMIC AREAS OF BRAZIL

Mahyumi Fujimori’, Luiza da Cruz Caramelo’, Marina Portanova
Dornelas', Beatriz Julieta Celeste’, Silvano Wendel?, Hiro Goto?,
Maria Carmen Sanchez'

Sdo Paulo University, Sdo Paulo, Brazil, Sirio Libanés, Sao Paulo, Brazil

In Brazil, in 2014, the incidence of visceral leishmaniasis (VL) was

3,453 cases. In endemic areas (EA), around 95% of VL individuals are
asymptomatic and likely be undetected and accepted as blood donors. We
assessed the prevalence of anti-L. infantum-rK39 antibodies among blood
donors from Brazilian EA. IgG antibodies were surveyed by ELISA using
recombinant K39 antigen provided by Infectious Disease Research Institute,
USA (ELISA-rk39). The study was carried out with 6,125 blood donors
from 13 Brazilian states. Reactivity index (RI) was calculated for each
sample and the median of RI>1.0 were determined for each state. Samples
yielding RI>1.0 in ELISA-rk39 were tested in ELISA using Leishmania major-
like antigen (ELISA-L. major), using K28 recombinant antigen (ELISA-rk28),
DAV, indirect fluorescent immunoassay (IFl) and Kalazar rapid diagnostic
test (RDT) (Inbios). Anti-rK39-IgG antibodies were detected in 322/6,125
samples (5.2%). RI>1.0 varied from 1.003 to 10.770 (median = 1.470).
Anti-rk28-IgG antibodies were detected in 28/322 samples (8.7%). RI>1.0
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varied from 1.013 to 9.546 (median = 1.732). For DAT were considered
positive titres > 1,600, and 3 samples were positive (0.9%). In ELISA-L.
major, 141 samples were positive for (43.8%); in IFl, 11 (3.4%) and in
RDT, 17 (5.3%). From these results, it seems that rK39 is more sensitive
to detect asymptomatic infections. Anyhow, the great prevalence of IgG
antibodies achieved in blood samples from asymptomatic donors points
out to the risk of transfusional leishmaniasis in endemic areas. As in
those areas, it is not easy to differentiate transfusion- or vector-mediated
transmission; the occurrence of transmission by transfusion is probably
underestimated and raises concerns on blood transfusion safety.

DETECTION AND QUANTITATION OF LEISHMANIA DNA BY
REAL TIME PCR IN WHOLE BLOOD AND SKIN LESION BIOPSY
OF ETHIOPIAN CUTANEOUS LEISHMANIASIS (ECL) PATIENTS
PRESENTING WITH VARIED SKIN LESION TYPES

Habtamu Belay, Tedla Mindaye, Asrat Hailu
Addis Ababa University, Addis Ababa, Ethiopia

Parasitological diagnosis of Old World Cutaneous Leishmaniasis (CL) in
skin lesion specimens remains to be insensitive. This study was conducted
to explore if PCR-based diagnosis of Ethiopian Cutaneous Leishmaniasis
(ECL) could be a feasible option. The study aimed to detect Leishmania
DNA in skin lesions and peripheral blood specimens of ECL patients using
real time PCR, and to determine the sensitivity in patients presenting

with localized CL (LCL) and mucocutaneous leishmaniasis (MCL). Patients
were those referred to Leishmaniasis Research and Diagnostic Laboratory
(LRDL) at Addis Ababa University. 48 patients with diagnosis of LCL
(n=27) and MCL (n=21) were included. NNN cultures and smears were
made alongside PCR using dermal scraps, cotton swabs, PBMC, whole
blood, and buffy coat specimens. Primers 13A and 13B were used to
amplify a region of 120bp mini-circle DNA sequences. Nodular and
ulcerative lesions were commonest in LCL; while in MCL single ulcers
involving mucosa and accompanying inflamed and edematous tissue
were common. 70.4% of LCL and 71.4% of MCL patients were positive
parasitologically. Using kDNA real time PCR, 74.1% of LCL and 71.4%

of MCL patients were positive in skin biopsies; whereas in cotton swab
samples, positivity rates by real time PCR were 81.5% and 90.5% in LCL
and MCL patients respectively. The sensitivity of KDNA real time PCR using
biopsy specimen from LCL patients varied from 74.1% to 89.5% cf. rates
of 71.4 - 75.0% in MCL. Skin biopsies cf. skin slit specimens gave higher
yields of parasitological diagnosis by NNN medium. The later gave higher
yield by microscopy. Swabs of skin slit specimens gave higher PCR positive
rates cf. biopsied material. PBMC or buffy coat specimens gave a negative
parasitology or kDNA real time PCR. These results indicate that cotton
swab specimens obtained from skin slit of lesions are preferred samples for
the diagnosis of ECL using real time PCR. Inability to diagnose ECL from
buffy coat and PBMC by PCR and parasitological procedures has major
implications about diagnosis and transmission. Our data indicate that sand
flies have to feed directly on the lesions for transmission to take place.

SEROPREVALENCE AND RISK FACTORS OF BRUCELLOSIS IN
SMALL RUMINANTS SLAUGHTERED AT DEBRE ZIET AND
MODJO EXPORT ABATTOIRS, ETHIOPIA

Amanuel T. Kifle
Makerere University, Kampala, Uganda

Brucellosis is a global zoonotic disease and major public and animal
health problem in many parts of the world, particularly in places where
livestock is a major source of food and income. This cross-sectional study
was conducted between November 2012 and May 2013 to determine
the seroprevalence and assess potential risk factors of brucellosis in small
ruminants in five export abattoirs at Debre Ziet and Modjo, Oromia
Regional State, Ethiopia. Serology and questionnaire were the methods
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used. In this investigation, 853 sera samples of 485 caprines and 368
ovines brought for slaughter were selected randomly. The Rose Bengal
plate test and complement fixation test were conducted using sera
samples at National Animal Health Diagnostic and Investigation Center
(NAHDIC) serology laboratory. Data collection sheets were used to gather
information on possible risk factors believed to influence the occurrence
of Brucella infection in small ruminants such as age, species, breed, body
condition score, and origin of small ruminants. Brucellosis was found in 17
(1.99%) and 15 (1.76%) small ruminants using the Rose Bengal plate test
and complement fixation test, respectively. The univariate and multivariate
logistic regression analysis showed that age and body condition score

of the animals were risk factors to Brucella infection (p = 0.008 and p =
0.001, respectively) in small ruminants. In conclusion, based on this survey,
brucellosis is a potential problem in small ruminants in Ethiopia that should
be further explored.

INFLUENCE OF CO-INFECTION ON CARRIAGE OF HUMAN
PATHOGENS IN BROWN RATS FROM AN URBAN SLUM
SETTING

Ticiana S. Carvalho Pereira’, Fdbio Souza?, Luana Santos?,
Ruth Walker?, Arsinoé Pertile?, Gabriel Pedra?, Thiago Bahiense?,
Eduardo da Silvas, Mitermayer Reis?, Albert Ko®, James Childss,
Michael Begon?, Federico Costa’

'Instituto de Biologia, Universidade Federal da Bahia/Centro de Pesquisas
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Brazil, ?Centro de Pesquisas Gongalo Moniz, Fundacdo Oswaldo Cruz,
Ministério da Saude, Salvador, Brazil, *Institute of Integrative Biology,
University of Liverpool, Liverpool, United Kingdom, “Instituto de Ciéncias
da Saude, Universidade Federal da Bahia, Salvador, Brazil, °Insituto de
Biologia, Universidade Federal da Bahia, Salvador, Brazil, °Department
of Epidemiology of Microbial Disease, Yale School of Public Health, New
Haven, CT, United States, “Instituto de Saude Coletiva, Universidade
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Rapid urbanization in developing countries has led to the spread of slum
settlements and high infestation with the brown rat, Rattus norvegicus,
which harbours multiple pathogenic and commensal agents. Yet we know
little about the prevalence of pathogens in this reservoir and how co-
infection influences transmission of these agents and the risk of spillover
infection to humans. We conducted a survey of brown rats in 2014 in

a slum community in the city of Salvador (Bahia-Brazil) to elaborate an
interaction network between rat-borne infectious agents. We sampled

rat urine and kidney imprints and feces to identify/quantify Leptospira
interrogans and helminth species. We performed generalized linear models
to identify significant effects of coinfection on the presence and intensity
of each helminth species and L. interrogans controlling for environmental
factors and the demographics and body condition of rats. Final models
were combined to build the interaction network. We trapped a total of
299 rats of which 71% and 39% were carriers of the human pathogens
Leptospira interrogans and the nematode Angiostrongylus cantonensis,
respectively. We identified 10 other helminths among rats; the most
prevalent were Strongyloides sp. (97 %) and Nippostrongylus brasiliensis
(41%), of which the latter was present at higher intensity with higher
intensities of both Strongyloides sp. and L. interrogans. The intensity

of A. cantonensis was also higher when rats had higher intensities of
Strongyloides sp.. However no influence of L. interrogans was found.
Moreover, the prevalence of A. cantonensis was negatively associated with
co-parasitism with N. brasiliensis and Heterakis spumosa. Our findings
confirm that rats carry zoonotic pathogens, such as A. cantonensis (the
causal agent of eosinophilic meningitis in humans), which are under-
recognized and expanding causes of human disease in urban slum
settings. Furthermore, coinfection with parasites may significantly modify
carriage of human pathogens in rats and contribute to variation in the
transmission risk between regions.
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FIELD OBSERVATIONAL STUDY EVALUATING THE SPILLOVER
OF ANTIBIOTIC-RESISTANT BACTERIA BETWEEN DIFFERENT
VARIETIES OF CHICKENS AND RURAL IN NORTHERN
ECUADOR

Hayden D. Hedman’, Lixin Zhang?, Karla V. Vasco Aguas?, Carl F.
Marrs', Gabriel Trueba3, Johannes Foufopoulos', Joseph Eisenberg!

"University of Michigan, Ann Arbor, Ml, United States, “Michigan State
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The twentieth century industrialization of animal husbandry has resulted in
dramatic increases in animal production. It has also led to departures from
traditional agricultural techniques including the pervasive and widespread
administration of antimicrobial agents. Antibiotics are administered

in animal production facilities for both prophylactic and therapeutic
purposes. Over-exposure of growth promotion antibiotics has resulted

in the worldwide emergence of antibiotic-resistant bacterial strains

in most species of livestock and poultry. Such strains are increasingly
spreading from large animal production facilities into human populations,
which presents a pressing public health concern. Both physicians and
veterinarians are faced with a declining supply of effective antibiotics.

In Ecuador, small scale farming operations in rural communities often
prescribes high amounts of antibiotics for poultry raised for meat
consumption known as “production chickens” (e.g. broilers). In contrast,
free-ranging local varieties of household chickens receive almost no
antibiotics and are important as potential bridge hosts introducing
antibiotic-resistant strains from production chickens to humans. Through
a cross-sectional village-scale approach, we analyze the relationships
between antibiotic-resistant prevalence between household and
production chickens along with a subset of humans living near household
chickens. For each household, we evaluate the prevalence of antibiotic-
resistant Escherichia coli in household chickens and the spatial relationship
to the nearest production chicken coop. This investigation is relevant to
many other tropical countries where development agencies commonly
introduce production chickens as means of supporting micro-development.
There is a pressing concern to better understand how antibiotic-resistant
bacteria spread from conventional to non-conventional animal breeds and
these impacts on surrounding human populations.

EXAMINING RATS IN THE MARSHALL ISLANDS AS A
POSSIBLE ANIMAL RESERVOIR FOR MYCOBACTERIUM
TUBERCULOSIS AND ATYPICAL MYCOBACTERIA

Jerry R. Scott

University of Hawaii at Manoa John A. Burns School of Medicine,
Honolulu, HI, United States

The Marshall Islands have some of the highest rates in the world for both
Mycobacterium tuberculosis and Atypical mycobacteria infection. The
Marshall Islands and specifically Majuro General Hospital, in the capital,
have significant problems with rat infestations and rodent control. To
investigate the possibility of an animal reservoir for these diverse groups

of Mycobacteria a total of ten rats from two areas in the hospital were
captured in live traps. Five rats were captured in and around the nurses
station of the intensive care unit. The other five rats were captured in the
storage area near the surgical ward. More rats could have been captured,
however hospital staff sometimes turned the rats loose or tripped the traps
closed during the night. All of the captured rats were drowned in fresh
water the the surgical pathology department, washed and then autopsied
for evidence of granulomas and lymphadenopathy. The heart and lungs
were then harvested and saved in formalin containers. Histologic sections
of the heart and lungs showed no evidence of granulomas and acid fast
staining was negative for mycobacterial organisms. Three of the rats
appeared well nourished, but ill. None of the rats had lymphadenopathy or

grossly evident liver disease. However, nine out of ten of the rats showed
evidence of chronic lymphocytic bronchitis in a pattern that would be
significant in human patients. A control group of two rats was trapped.
One from the mountains of New Mexico and one rat from the area of
China town near the medical school. Both rats were processed in the same
manner. These rats showed no evidence of bronchitis, although the rat
from New Mexico did have several foci of coccidioidomycosis. This is only
intended to be a preliminary study. It was not possible to culture the lungs
for infectious agents and the urine and feces of the rats was not examined
during this study. Some hospital staff were concerned that other animal
reservoirs might be present such as feral dogs, cats and domesticated

pigs. Further studies might include wild dogs or local pigs as well as larger
numbers of rats analyzed with more sensitive technology such and the
Genexpert and lung cultures.

MODELING ENVIRONMENTAL TRANSMISSION OF ZOONOSIS
IN MULTISPECIES SYSTEMS

Leon Espira, Nancy Hernandez-Ceron, Joseph N. Eisenberg
University of Michigan, Ann Arbor, MI, United States

Animals harbor important pathogens that impact both livestock and
human health. In addition, the increased use of transmission models

to study animal disease has highlighted the need to consider the host-
pathogen interaction in the context of environmental and ecosystem
drivers of infection transmission. We developed a novel use of disease
transmission models to study the environmental transmission of zoonotic
disease in multispecies herding systems characteristic of many pastoral
economies in the emerging world. Specifically, we examine the role of
diversity on pathogen persistence demonstrating that, depending on
environmental factors and the mechanisms of host species interaction,
diversity can have differing effects on the transmission dynamics. Our
results extend prior work of the role of diversity in pathogen persistence
by providing a mechanistic understanding of how environmental processes
can impact modes of transmission. These models will not only help inform
public health interventions but could be crucial for conservation decisions
in areas characterized by livestock-wildlife interphases.

RISK FACTORS FOR ACUTE HUMAN BRUCELLOSIS IN
NORTHERN TANZANIA

Shama Cash-Goldwasser’, Michael J. Maze?, Matthew P.
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Morogoro, United Republic of Tanzania

Brucellosis is an important zoonotic cause of febrile illness with chronic
sequelae, but little is known about transmission pathways in sub-Saharan
Africa hampering the design of control programs. We conducted a
prospective cohort study of acute human brucellosis in northern Tanzania.
We enrolled pediatric and adult patients with fever from two referral
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hospitals in Moshi, Tanzania. We administered a standardized risk factor
questionnaire and performed Brucella microagglutination testing on acute
and convalescent serum. Cases were patients who had either a four-fold
rise in titer between paired serum samples or a single reciprocal titer >160.
Controls had titers <20 in both serum samples. We calculated odds ratios
(OR) for individual behaviors and combined behaviors to form exposure
scales to livestock and livestock body fluids. Of 1,446 patients enrolled
from February 2012 through September 2014, we identified 50 (3.5%)
acute brucellosis cases and 512 controls. Remaining participants either
had titers >20 - <160 or supplied only acute serum. Median (interquartile
range) age of cases was 31 (23, 40) years, 33 (66.0%) of 50 were female,
and 20 (43.5%) of 46 were from rural areas. On bivariate analysis,
increasing age was associated with brucellosis (OR 1.1 per year, p<0.01).
Birthing goats (OR 8.8, p=0.01) or livestock (OR 6.2, p=0.02); consuming
raw livestock blood (OR 2.7, p=0.03); exposure to goat (OR 4.0, p<0.01)
or pig blood (OR 3.7, p<0.01); feeding cattle (OR 3.9, p<0.01), goats (OR
2.8, p<0.01), or pigs (OR 7.0, p<0.01); and cleaning waste of cattle (OR
4.1, p<0.01) or pigs (OR 5.6, p<0.01) were associated with brucellosis.
Brucellosis was associated with high levels of contact with livestock
measured by the exposure scales (OR 3.2, p<0.05). No association was
found between raw milk consumption and acute disease. We found

that livestock contact was an important risk factor for brucellosis in
northern Tanzania, and that risk varied both by type of livestock contact
and by livestock species. Many of the risk factors identified are behaviors
potentially modifiable by targeted interventions.

INFLUENZA A VIRUS AMONG PIG AND DUCK POPULATIONS
IN RURAL BACKYARDS IN GUATEMALA, 2013-2014

Maria L. Muller?, Lucia Ortiz', Danilo A. Alvarez', Patricia Herrera’,
Ana S. Gonzalez-Reiche?, Ana L. Barrios', S. Cornelia Kaydos-
Daniels?, Celia Cordon-Rosales’

"Universidad del Valle de Guatemala, Guatemala, Guatemala, *University
of Georgia, Athens, GA, United States, *Centers for Disease Control and
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The human-animal interface may favor the emergence of novel influenza
A virus (IAV) strains that might pose a threat to human and animal health.
We conducted monthly cross-sectional surveys of backyard pigs and ducks
from November 2013-October 2014 on the Pacific coast of Guatemala
where IAV was isolated from migratory waterfowl. We collected nasal
swabs (pigs), tracheal and cloacal swabs (ducks), and blood from both
species. Households with each of the species were selected randomly
based on an expected IAV prevalence of 10%. One of every two pigs and
1/7 ducks were selected by convenience within each household; animals
could be re-tested in different months. We tested swabs for IAV RNA by
rRT-PCR targeting the universal IAV matrix gene, and subtyped the matrix
positive samples by rRT-PCR targeting the 2009 pandemic N1 gene.

We tested sera to detect exposure to IAV using a commercial ELISA kit,
and subtyped ELISA positive sera from ducks by HI against a H5N3 low
pathogenic strain isolated from waterfowl. An average of 32 households
with pigs and 46 households with ducks were sampled monthly. We
collected a total of 669 samples from pigs and 1090 samples from ducks.
We detected 7/669 (1%, Cl 95%: 0.4-2) rRT-PCR positive pig samples;
none tested positive for pandemic N1. Only 1/1090 (0.1%; Cl 95%:
0.1-0.5) of tracheal swabs from ducks tested positive by rRT-PCR (cloacal
results pending). We detected antibodies against IAV in 85/669 (13%;
C195%: 10-16) of sera from pigs and 98/1090 (9%; Cl 95%:7-11) from
ducks. Among seropositive ducks, 1/98 (1%; Cl 95%: 1-6) were reactive to
the H5N3 virus. HI results may suggest exposure of ducks to IAV from wild
waterfowl, but isolation and sequencing of IAV strains from positive swab
samples to identify IAV viruses circulating in pig and duck populations is
pending. We found low percentages of current IAV infections in these
backyard animals. Serologic results are limited by potential re-testing of
individuals and knowing the animal age, but suggest low exposure to IAV.
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Interspecies transmission of IAV and the implementation of an integrated
surveillance of 1AV at this setting, where multiple hosts interact, should be
evaluated.

LEPTOSPIRA SEROPREVALENCE AND RISK FACTORS IN
HEALTH CENTER PATIENTS IN HOIMA DISTRICT, WESTERN
UGANDA

Jonathan Dyal’, Anou Dreyfus?, Raewynne Pearson3, Clovice
Kankya*, Charles Kajura®, Lordrick Anaitwe?, Steven Kakooza?,
Katey Pelican®, Dominic Travis?, Michael Mahero¢, David R.
Boulware?, Lawrence Mugisha*

'Baylor College of Medicine, Houston, TX, United States, ?University of
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Uganda, *Hoima District Government, Hoima, Uganda, °College of
Veterinary Medicine, University of Minnesota, Minneapolis, MN, United
States, ’Department of Medicine, University of Minnesota, Minneapolis,
MN, United States

The burden of human leptospirosis in Uganda is unknown, but is
suspected to comprise a significant portion of undifferentiated febrile
ilinesses. The study objectives were to estimate the prevalence of
Leptospira antibodies and risk factors for seropositivity in humans visiting
two health centers in Hoima District, Uganda. 359 patients were recruited
at the Kikuube and Kigorobya Health Center IV's during March and April
2014. Every non-pregnant adult over the age of 18 presenting to the
health center, either as a patient or as a caregiver, was eligible. Interviews
were conducted by clinical officers and a blood sample was taken by

lab technicians. Exposure variables included demographics, exposure

to animals, past medical history and domestic environment. Sera were
tested by the Microscopic Agglutination Test (MAT) using eight Leptospira
serovars from different serogroups. 126 study participants (35.0%, 95%

Cl 30.2-40.3%) were seropositive (MAT titer >= 100) against any serovar.
The highest prevalence (19.8%, 95% ClI 15.9-24.4%) was against L.
borgpetersenii sv Nigeria (serogroup Pyrogenes) with 71 seropositive cases.
The prevalence of probable leptospirosis (MAT titer >=800) was 1.9%
(95% Cl1 0.9-4.2%) and was uniquely related to serovar Nigeria. Probable
leptospirosis was statistically significantly associated with self-reported
malaria in the past year (p=0.048). The few participants who reported
having skinned cattle in the two weeks prior to their blood sample (n=6)
had a relative risk of 2.6 (p=0.036) for seropositivity against any serovar.
This is to our knowledge the first study of the prevalence of antibodies to
Leptospira serovars in humans in Uganda. The seropositivity to leptospirosis
and the specific seroprevalence of 20% against L. borgpetersenii sv Nigeria
suggests high exposure in this population. Individuals participating in cattle
skinning may also be at higher risk for exposure. Overall, leptospirosis may
represent an underappreciated burden of illness in Hoima, Uganda.

IMPACT OF REV1 LIVESTOCK VACCINATION ON THE RISK OF
HUMAN BRUCELLOSIS IN AZERBAIJAN

lan Kracalik', Rita Ismayilova?, Mehriban Baghirova?, Jason K.
Blackburn?

"University of Florida, Gainesville, FL, United States, ?Anti-Plague Station,
Baku, Azerbaijan, State Veterinary Service, Baku, Azerbaijan

Brucellosis is one the most common and widely spread zoonotic diseases
in the world. Effective control of the disease is, in general, focused on
reducing or eliminating brucellosis in livestock through vaccination.
However, despite the availability of effective control measures, brucellosis
continues to pose a public health risk in both developed and developing
countries. The objective of our study was to evaluate the impact of Rev1
small ruminant brucellosis vaccination on the risk of human brucellosis in
Azerbaijan. We used monthly time-series data on human brucellosis cases
in Azerbaijan before and after a Rev1 small ruminant vaccination campaign
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(1995-2013). We used an interrupted time-series framework to estimate
the relative and absolute indirect effect of the livestock vaccination

policy on human risk. Incident risk was calucated for age groups before
and after vaccination. To identify spatial variations in temporal reporting
trends, we used the scan statistic. Additionally, we mapped temporal
trajectories of human brucellosis incidence, by administrative district, using
a spatially lagged incidence rate in a segmented regression model. Our
results showed a post vaccination decline in human brucellosis of ~1%
per month. Overall, human brucellosis was reduced by 34% by 2013.

Risk reduction was greatest in the 20-29 age group. Despite national
declines in human brucellosis, we identified spatial changes in the case
distribution characterized by a geographic expansion and an increasing
incidence among districts clustered in the south-east, compared to a
decrease elsewhere in the country. In conclusion, our findings support the
human health benefits of livestock vaccination. However, we found spatial
variation in the impact of the vaccination program that can be used to
target future efforts. Our findings highlight the use of integrating spatial
and quasi-experimental techniques to evaluate the progress of public
health interventions.

CLIMATE CHANGE AND VECTOR-BORNE DISEASES: USE
OF PARTICIPATORY EPIDEMIOLOGY TO INVESTIGATE
EXPERIENCES IN VULNERABLE, CATTLE-KEEPING
HOUSEHOLDS IN TANZANIA

Esther Kimaro, Jenny-Ann L. Toribio, Siobhan M. Mor
The University of Sydney, Sydney, Australia

Climate change is predicted to increase incidence of vector-borne diseases
(VBDs) in humans, however little is known about the impact on animal
VBDs in vulnerable areas where livestock are a primary livelihood strategy.
In the absence of historical data with which to examine the inter-relation
between climate and disease, participatory epidemiological (PE) methods
were used with Maasai pastoralists of Monduli district, Northern Tanzania
to establish local observations on two major VBDs of cattle, namely East
Coast Fever (ECF) and Animal Trypanasomiasis (AT). Data were collected
between November 2014 and January 2015 in ten randomly selected
villages of arid and semi-arid lands involving gender segregated groups
(10 men groups and 9 women groups). Matrix scoring for both men and
women groups confirmed that Maasai easily recognise these VBDs. ECF
and AT ranked amongst the top five most important cattle diseases in the
district with strong agreement between informant groups (Kendall's W
=0.399 for men and 0.451 for women; p < 0.01). All groups associated
ECF with the wet season or directly after rainy season while AT was more
variable throughout the year, with more cases reported in dry seasons.
Likewise, different villages reported seasonal differences in occurrence of
disease vectors (Rhipicephalus appendiculutus and Tsetse flies). Comparing
2014 to 1984, participant groups consistently reported declines in rainfall,
vegetation cover and quality pasture, as well as increases in severe
drought. Experiences with ECF/AT and vector abundance between these
time periods was more variable across villages, and likely relates to changes
in climate and animal management practices over the last 30 years. This
baseline study is the first to document the inter-relation between climate
and cattle diseases from the pastoralist perspective. Preliminary analyses
reveal a complex interplay between human, animal and environmental
factors, understanding of which is urgently required to devise approaches
to mitigate effects of climate change in vulnerable areas.

ONE HEALTH WORLDWIDE: EMERGING INFECTIOUS
DISEASES, GLOBAL HEALTH VETERINARIANS, AND
ZOONOTIC SURVEILLANCE

Kali Holder, Devin Tunseth, Megan Vodzak, Benjamin Norton,
Suzan Murray

Smithsonian Institution, Washington, DC, United States

What do zoos have to do with Global Health? How are veterinarians
engaging in pandemic prevention? Do non-zoonotic veterinary pathogens
impact human health? Given that most zoonotic pathogens are from
wildlife, surveillance of pathogens in wildlife is garnering more attention
from domestic and international health organizations. The National
Zoological Park’s Smithsonian Global Health Program (SGHP) is a team

of wildlife veterinarians, veterinary pathologists, biologists, physicians,
and other public health professionals tasked with investigating and
combatting emerging diseases worldwide. One Health ventures that
SGHP is invested in include: human-animal interface surveillance

(through USAID|PREDICT), xenosurveillance for MERS coronavirus and
Zika virus, and emerging ulcerative dermatitides in African megafauna.
SGHP engages in international collaboration and capacity building of
diagnostic and public health infrastructure in developing tropical countries.
Veterinarians form an integral part of this corps of experts, and their
unigue and often overlooked understanding of the interactions between
humans and wildlife make them an essential presence on the front lines
of emerging zoonoses detection and prevention. Although much has
been devoted to understanding the human consequences of well-known
zoonotic outbreaks, such as the Ebola virus, very little focus has been
placed on poorly studied zoonoses or non-zoonotic wildlife diseases

and the potential risk they present to human health. This has led to the
emergence of serious threats from previously “benign” diseases such as
Zika virus. There is even evidence that non-zoonotic animal pathogens may
play a role in the severity and transmissibility of zoonotic diseases, as when
the competency of certain arbovirus vectors increases as a result of co-
infection with animal-borne filariasis. It is the mission of multidisciplinary
One Health groups such as SGHP to tackle these challenges from all
angles and combat pandemic threats. Collaboration with other health
professionals is a vital component of ongoing integrated strategies in
improving health outcomes globally.

SEROPREVALENCE AND THE RISK FACTORS ASSOCIATED
WITH TOXOPLASMOSIS IN WOMEN RECEIVED ANTENATAL
CONSULTATION (ANC) AND DOMESTIC CARNIVORES IN
DAKAR

Fatoumata Coulibaly’, Abdrée Ndour?, Jean-Louis Ndiaye'

"Universite Cheick Anta Diop Dakar, Dakar, Senegal, *Ecole Veterinaire
Dakar, Dakar, Senegal

Toxoplasmosis is a cosmopolitan zoonosis caused by Toxoplasma gondiii
manifested by fetal loss mainly in sheep and humans. The identified
definitive host is the cat while all domestic mammals such as wild birds
and humans are intermediate hosts. Disease sporadic pace, its modes of
transmission are manifold. The object of this study was to evaluate the
seroprevalence of toxoplasmosis and the risk factors in pregnant women
and domestic carnivores in Dakar. For this, blood samples of 100 pregnant
women, 141 cats and 120 dogs were collected and sera were analyzed.
Regarding the acquisition of risk factors, a questionnaire was associated
with each sample. Two agglutination series tests showed that the women
surveyed were infested at 50 + 9.8% for toxoplasmosis. Multivariate
analysis showed that 43% of these women have had an abortion and

of those, 53% were positive for toxoplasmosis. After analysis of risk
factors, professional status and milk consumption predispose women to
be contaminated (p <0.05 and odds ratio> 1) with toxoplasmosis. For
carnivores, the agglutination test shows that the infestation is higher for
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definitive hosts (cats 55.37 + 9%) compared to dogs (43.97 + 8%). These
high prevalence confirms that this parasite is prevalent in an endemic
form in the region especially with the close cohabitation between women
and cats. They must motivate the strengthening and systematization of
screening tests during pregnancy.

UPDATE Q FEVER STATUS FROM THE RUMINANT
PLACENTAS, THAILAND 2014-2015

Pattarin Opaschaitat’, Sawanya Nu-iat', Seksit Singjam?,
Petcharat Sakdinun?, Kanthanis Limwibulpong®, Pornpun
Laolue®, Yaowarat Sawasdee®, Gamonsiri Coygasem’, Netchanok
Jiwakanong, Maza John?, Samuel Yingst'™©

'National Institute of Animal Health, Bangkok, Thailand, ?Veterinary
Research and Development Center, Lower-North Region, Pitsanulok,
Thailand, *Veterinary Research and Development Center, West Region,
Ratchaburi, Thailand, “Veterinary Research and Development Center,

East Region, Chonburi, Thailand, *Veterinary Research and Development
Center, Upper North Region, Lampang, Thailand, ®Veterinary Research and
Development Center, Lower Northeast Region, Surin, Thailand, ’Veterinary
Research and Development Center, South Region, Nakornsrithammarat,
Thailand, 8Veterinary Research and Development Center, Upper Northeast
Region, Khonkaen, Thailand, °Epidemiology and Disease Surveillance,
Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand,
19Purdue University College of Veterinary Medicine, West Lafayette, IN,
United States

Q fever, caused by Coxiella burnetii is a zoonotic disease, found
worldwide. The ruminants such as cows, buffalo, goats, and sheep

are reservoirs. The most common clinical sign in livestock is abortion,

but infected adult animals almost never show clinical signs. The main
transmission route is by inhalation in humans, and possibly animals

as well. As ruminant placenta is occasionally sold in wet markets in
Thailand for human consumption, at-risk people include the farmers,
veterinarians, animal husbandry workers, placenta-merchants, and cooks,
and potentially the general public. Human Q Fever cases were reported in
Thailand. We aimed to know the Q fever status in ruminants in Thailand.
Approximately 300 samples of the cotyledon part of ruminant placenta
were collected by convenience sampling from each region. The samples
were grossly normal, though some were retained placentas. The samples
were extracted for DNA and tested with the real-time polymerase chain
reaction (PCR) technique, which targets the IS1111. The tests were run

in the Thai governmental veterinary laboratory system, comprised of

the National Institute of Animal Health (the central region), and seven
Veterinary Research and Development Centers (regional labs). The positive
percentage of results, by region in Thailand was 63.84 (203/318) in the
east, 50.9 (170/334) in the upper north, 45.62 (151/331) in the west,
38.82 (125/322) in the central, 24.77 (81/327) in the lower north-east,
19.73 (59/299) in the upper north-east, 8.46 (28/331) in the lower north,
and 7.51 (16/213) in the south region. The total percentage for the whole
country was 32.46 (833/2475). Q fever occurred in ruminants in Thailand
without showing abortions, as occasionally seen in other countries. Good
sanitation such as disinfection, wearing personal protective equipment,
including gloves, masks, and boots, especially during the parturition time,
and routinely cleaning the animal house should be done by the farmers,
and veterinarians. The placenta-merchants and cooks should wear gloves
when handling raw placenta and thoroughly cook placenta if served for
human consumption.

DOCUMENTING THE SEROPREVALENCE OF ZOONOTIC AND
VECTOR BORNE DISEASES IN RURAL NICARAGUA

Rebecca S. B. Fischer', Christiane Duttmannz?, William Jiron
Toruno?, Melissa N. Garcia', Rodion Gorchakov', Sarah M. Gunter’,
Kristy O. Murray'

'Baylor College of Medicine, Houston, TX, United States, 2Universidad
Nacional Auténoma de Nicaragua, Leon, Nicaragua

Rural communities, particularly in low and middle income nations, are at
high risk of zoonotic and vector borne diseases. The rural poor in these
parts of the world are disproportionately affected, but the extent of which
is largely undescribed, in part due to limitations on surveillance capacity

in resource constrained settings. In Nicaragua, the tropical climate is
particularly conducive to transmission of mosquito borne viruses, such as
Dengue, Chikungunya, and Zika, and frequent close contact with domestic
and other animals in rural communities facilitates transmission of zoonotic
pathogens. In order to understand the extent to which infections like these
are circulating within the region, we undertook a cross-sectional study

to estimate the seroprevalence of infectious diseases among agricultural
workers in the Pacific lowlands of Nicaragua. Workers of a large sugar
estate underwent routine, annual occupational health screenings from
October 2015-June 2016. Age and sex of workers were available. From
June-October 2015, blood was also collected from domestic animals in the
same region. Serum from humans and animals were available for testing
and were subjected to ELISA assay for detection of antibodies to various
pathogens (ELISA for IgM or IgG and and MAT for Leptospira reactivity).
Workers were mostly male (89%) and young (median age 29yrs). In
humans, we detected a high prevalence of antibodies to Leptospira

(33%) and also detected antibodies to hantavirus (6%) and Trypanosoma
cruzi (0.5%). Dogs had evidence of leptospirosis (12%) and T. cruzi

(5%). Testing for seroprevalence of other infections, including Dengue,
Chikungunya, West Nile, and Zika are ongoing. Our data suggests that
zoonotic and vector borne pathogens are likely established and endemic,
provides evidence that hantavirus may be a threat, and documents the
presence of Chagas disease in this region of Nicaragua. This new data

can inform public health and veterinary practices and suggest areas for
targeted surveillance and intervention strategies.

SURVEILLANCE OF AMOEBIC KERATITIS-CAUSING
ACANTHAMOEBAE FOR BACTERIAL ENDOSYMBIONTS

Andrew Purssell’, Nessikha Karsenti?, Rachel Lau3, Filip Ralevski,
Ann Chong-Kit?, Andrea K. Boggild?

"University of British Columbia, Vancouver, BC, Canada, “University of
Toronto, Toronto, ON, Canada, >Public Health Ontario Laboratories,
Toronto, ON, Canada

Acanthamoebae are causative pathogens of several infections

including amoebic keratitis (AK), a potentially blinding eye infection.
Acanthamoebae isolated from the environment and from corneas

of patients with AK are known to harbor bacterial endosymbionts
belonging to chlamydiales, rickettsiales, or legionellales. Acanthamoebae
harboring Chlamydia-like endosymbionts have demonstrated enhanced
production of cytopathic effect on fibroblast monolayers, suggesting

that endosymbionts may increase virulence. We sought to illuminate

the potential bacterial endosymbionts present in clinical isolates of
acanthamoebae identified at our reference parasitology laboratory. Isolates
of Acanthamoeba spp. obtained from our biobank of surplus, anonymized,
corneal scrapings from 2012-2015 were screened for endosymbionts by
PCR. Isolated DNA was amplified in PCR reactions with 3 separate primer
pairs,detecting bacteria belonging to orders chlamydiales, rickettsiales,

or legionellales. 3 primer pairs specific to the 18s rRNA gene of
Acanthamoeba spp. were used for amplification of Acanthamoeba DNA.
Sanger sequencing of PCR products was performed, followed by BLAST
analysis for sequence homology and species identification. We screened
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27 clinical isolates of Acanthamoeba spp. for organisms known to act as
endosymbionts as described above. Five strains of Acanthamoeba (19%)
from corneal scrapings were found to contain bacterial DNA belonging to
legionellales (2 A. polyphaga (40%), others not speciated). 3 of the clinical
isolates (11%) contained members of the rickettsiales (2 A.castellani
(66%), 1 A. palestinensis (33%)). One strain (4%, not speciated) contained
a member of the chlamydiales, and sequencing revealed this to be
Neochlamydia hartmannellae. The remaining isolates of Acanthamoeba
may contain other endosymbionts undetectable by our assays. Organisms
known to act as bacterial endosymbionts are prevalent in corneal
scrapings containing AK-causing Acanthamoeba. Whether these potential
endosymbionts contribute to virulence is unknown, but offers a potential
avenue for investigation of novel therapeutics in AK.

OPTIMIZED METHODS OF GENOMIC DNA EXTRACTION
AND MYCOPLASMA DECONTAMINATION FROM DIFFERENT
SPECIES OF PATHOGENIC AMOEBAE

Biniam Hagos, loana Brasov, Robert E. Molestina
BEI Resources, ATCC, Manassas, VA, United States

Free-living amoebae (FLA) are generally regarded as innocuous soil
organisms; however, a handful of species are capable of causing

human disease. Naegleria fowleri, Acanthamoeba spp. and Balamuthia
mandiillaris are recognized as etiologic agents of amoebic encephalitis.
Acanthamoeba are also responsible for the sight-threatening infection
amoebic keratitis, particularly among contact lens wearers. A rate-
limiting step in genomic analyses of pathogenic FLA is DNA extraction.
Many commercially available DNA isolation kits are useful for PCR but
fail to provide high yields of pure genomic DNA for molecular studies.
We examined different in-house methods for the capacity to extract FLA
DNA. We found that an optimized phenol-chloroform-based purification
method was applicable to different species of amoebae when compared
to a commercial kit. While similar to other standard methods of extraction,
this modified procedure resulted in DNA of high yield and quality as it
likely takes into consideration the high amounts of carbohydrates and
nucleases found in amoebic cells. Mycoplasma contamination is also of
great concern in cultures of pathogenic amoebae, especially in strains
propagated in mammalian cell lines. We examined different methods

of decontamination of Balamuthia cultures harboring mycoplasma that
were resistant to commonly used antibiotics. The methods were based
on the rapid treatment of amoebic cysts with non-amoebicidal levels

of detergents and/or acids to eliminate the contaminating bacteria as
determined by PCR. Our non-antibiotic-based approach was effective in
curing cultures of Balamuthia from mycoplasma without affecting viability
of the amoebae. Taken together, the use of reliable methods of DNA
extraction combined with simple and economic procedures of bacterial
decontamination offers an effective approach to produce genomic DNA
from pathogenic amoebae on a large scale for a range of molecular
genetic analyses.

DIAGNOSTIC ACCURACY OF AMEBIC COLITIS BY
COLONOSCOPY

Yasuaki Yanagawa', Koji Watanabe', Naoyoshi Nagata’, Kumiko
Tsukui?, Seiki Kobayashi®, Tomoyoshi Nozaki?, Hiroyuki Gatanaga',
Yoshimi Kikuchi', Shinichi Oka’

'National Center of Global Health and Medicine, Tokyo, Japan, National
Institute of Infectious Disease, Tokyo, Japan, >Keio University, Tokyo, Japan

Amebiasis, caused by Entamoeba histolytica, is rapidly increasing as a
sexually transmitted infection in Japan. It has been also reported that
asymptomatic amoebic colitis incidentally diagnosed by colonoscopy
recently increased. Although etiologic diagnosis of intestinal ulcer mostly
relies on histological examination of biopsy specimen, it is still unclear
whether the method has enough sensitivity to rule out amoebic colitis. We

collected samples from suspected cases of amoebic colitis by colonoscopy.
Microscopic examination, culture and PCR of aspirated fluid, as well as
histological examination of biopsy specimen, were performed. Diagnosis
of amoebic colitis was made when either test was positive. Of the 23
suspected cases, amoebic colitis was diagnosed in 13 cases (57%).

The proportions of co-infection with HIV, HBV, HCV, and syphilis were
54%, 54%, 8% and 39%, respectively. At the colonoscopy, 10 patients
(77%) had clinical symptoms, including diarrhea (62 %), abdominal pain
(23%), bloody stool (15%), fever (15%), and nausea/vomiting (15%),
whereas 3 (23%) were completely asymptomatic. One case accompanied
amoebic liver abscess. The sensitivities of microscopy, culture, PCR and
histopathology were 69%, 23%, 67% and 46%, respectively. The
proportion of cases with abdominal symptom was statistically higher

in histological negative than that in histological positive (p 0.04). Three
clinical isolates, including 2 isolates from asymptomatic cases, were stably
passaged as a xenic culture. Either diagnostic tool including histological
examination used in this study doesn’t have enough sensitivity (23-69%)
for the diagnosis of amoebic colitis by colonoscopy, indicating that
combination of multiple methods be needed for the accurate diagnosis.
Also, we established 3 clinical isolates from aspirated fluids of the lesions.
We will perform genetic and phenotypic analyses of these clinical isolates
in order to elucidate the pathogenesis of amoebic colitis, especially
asymptomatic chronic infection.

GUT MICROBIOME CHANGE PRIOR TO THE ONSET OF
AMEBIASIS

Carol A. Gilchrist’, Brittany N. Schneider!, Masud Alam?, Jeffrey
R. Donowitz?, Mamun Kabirz, William A, Petri Jr', Rashidul Haque?

"University of Virginia, Charlottesville, VA, United States, ?International
Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh,
3Children’s Hospital of Richmond at Virginia Commonwealth University,
Richmond, VA, United States

Amebiasis is one of the causes of severe diarrhea in young infants <5

years of age in low and middle income countries. In our previous work we
observed that the composition of the microbiota was markedly different

in < 2 year old children experiencing amebic diarrhea compared to those
asymptomatically colonized. In particular, a high level of the pathobiont
Prevotella copri was associated with symptomatic amebiasis. We
postulated that either gut dysbiosis and the domination of the microbiota
by P copri increased the probability that an Entamoeba histolytica infection
would be symptomatic or the resistance of P copri to host-derived

reactive oxygen allowed it expand after the amebic parasite caused gut
inflammation and diarrhea. To distinguish between these two possibilities,
we examined the 16S microbiome profile in 16 surveillance specimens
collected and stored in the study biobank 89 + 77 days prior to the
occurrence of E. histolytica positive diarrhea. In our preliminary analysis we
have observed a stronger P copri signal in the samples preceding disease.
This seems to indicate that a preexisting P copri expansion dispose children
to symptomatic disease and the previous result was not a consequence of
E. histolytica infection. We also observed that even although P copri was
higher in diarrheal cases than the amount detected in E. histolytica positive
surveillance samples the onset of diarrhea actually led to an expansion of
the Enterobacteria at the expense of both P copri and Bifidobacteriales
species which dominate the pre- diarrhea microbiome in these children.
The Shannon diversity index was as expected lower in pre-diarrheal and
diarrheal samples compared to samples from 2-year old controls p<0.05.
Additional studies are planned to determine the significance of these
results.
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GENOMIC AND TRANSCRIPTOMIC COMPARISON OF
CLINICAL AND NON-CLINICAL STRAINS OF “BRAIN-EATING”
AMEBA NAEGLERIA FOWLERI

Ibne K. Ali, Alyssa Kelley, Shantanu Roy
Centers for Disease Control and Prevention, Atlanta, GA, United States

The "brain-eating” free-living ameba, Naegleria fowleri, causes rare, but
severe brain infection, known as primary amebic meningoencephalitis
(PAM) that is almost always fatal. The ameba is found globally in warm
fresh waters, hot springs, and waterparks. Recently, N. fowleri has been
found to colonize public tap water systems in US linking the death of

a young child. This coincides with an observed geographical spread in
PAM cases to the colder Northern States. A major issue affecting our
ability to investigate and prevent PAM infections is the ubiquitous nature
of this pathogen. It is unclear why PAM cases are so rare while people
are likely to be routinely exposed to N. fowleri. Variability in the ameba
virulence may explain this. However, a genotyping system capable of
categorizing N. fowleri strains based on their virulence does not exist.
The existing genotyping categorizes the US strains of N. fowleri into only
three broad genotypes. Thus, this genotyping is also not ideal for linking
exposures with cases. Here, we performed lllumina Hiseq to do whole
genome sequencing of 38 N. fowleri strains (30 from clinical cases and

8 from environmental samples) representing all three genotypes. We
also performed RNAseq in a subset of N. fowleri strains to identify gene
expression differences between the clinical and environmental strains. The
de novo assembly of mitochondrial genome shows that it is ~49.5 KB in
size. Preliminary analysis identifies SNPs in the mitochondrial genomes,
some of which are genotype-specific and some are unique (“private”)

to a particular strain. The private SNPs can be utilized to develop a more
discriminatory genotyping system, which will allow source tracking in
clinical cases, and conduct molecular epidemiological surveys. The de
novo assembly of nuclear genome of N. fowleri shows that it is ~27.5
MB in size, and contained in <600 contigs with a G-C content of ~34%.
The only reference genome of N. fowleri available publicly is dispersed in
>1100 contigs suggesting a superiority of our assembly. Analysis of nuclear
genome and transcriptomic data is currently ongoing. Key findings will be
presented in the ASTMH Meeting.

IMPACT OF NOVEL ENTAMOEBA SPECIES ON DIARRHEAL
INFECTIONS IN SOUTH AFRICA

Renay Ngobeni’, Samie Amidou’, Shannon Moonah?, William A.
Petriz, Carol Gilchrist?

"University of Venda, Thohoyandou, South Africa, 2University of Virginia,
Department of Medicine, Division of Infectious Diseases, Charlottesville,
VA, United States

South Africa has been significantly impacted by diarrheal infections. The
purpose of our study is to identify the etiology, including novel species
and burden of parasitic diarrheal disease in South Africa. We collected
diarrheal and non- diarrheal stool samples from the rural and urban
communities of South Africa. DNA was extracted and a diagnostic tagman
gPCR assay capable of identifying protozoan parasites (Entamoeba
histolytica, Cryptosporidium and Giardia) was performed. In both locations
approximately half of the samples were gPCR positive: 105 (49%) from
rural areas; Cryptosporidium (24%) E. histolytica (3%) and Giardia

(22%) and 113 (42%) from the urban areas; Cryptosporidium (11%),

E. histolytica (9%) and Giardia (22%). We further identified Entamoeba
species using a new assay with increased sensitivity. Our main finding was
the presence of E. bangladeshi in eight different stool samples. This was
an interesting finding as E. bangladeshi has not been previously reported
outside Bangladesh. Consistent with previous findings, E. moshkovskii
was not found in these populations and as predicted E. histolytica and,
non-pathogenic E. dispar positive samples were also identified. Novel
Entamoeba spp have been identified in different endemic regions of
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the world but have not been studied in S. African populations. We are
currently performing additional analysis on the unspeciated Entamoeba
positive samples as a part of a systematic approach to identify novel
clinically relevant species. Our preliminary results suggest that novel
Entamoeba species may potentially exist in the South African population.

WHOLE GENOME SEQUENCING OF CYCLOSPORA
CAYETANENSIS OOCYSTS PURIFIED FROM HUMAN STOOL
SAMPLES

Fernanda Nascimento’, Yvonne Qvarnstrom’, Yuping Wei-
Pridgeon’, Wen Li', Hediye Nese Cinar?, Helen R. Murphy?, Gopal
Gopinath?, Alexandre J. da Silva?, Delynn Moss', Michael J.
Arrowood'

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
?Food and Drug Administration, Laurel, MD, United States

Cyclospora cayetanensis is a coccidian parasite that causes cyclosporiasis,
an intestinal infection characterized by acute diarrhea in humans. Since
the 1990s, CDC and local public health departments have conducted
numerous investigations of cyclosporiasis outbreaks. These investigations
are currently hampered by the lack of molecular epidemiological tools.

In order to improve outbreak response, we aim to develop a subtyping
method that would allow linkage of cases to clusters and to implicated
food sources. Attempts to propagate Cyclospora in vitro and in vivo have
so far been unsuccessful, so stool samples from infected humans are the
only available source for this parasite. Here, we describe the optimization
of methods to purify Cyclospora oocysts from stool, extract genomic DNA
and prepare next generation sequencing libraries from ultra-low quantities
of DNA. Using these methods, genomic sequences from 10 geographically
distinct C. cayetanensis samples were obtained by Illumina sequencing.
The genome is approximately 44.5 Mbp with a GC content of 51.9%.
Preliminary genomic comparisons indicated an overall low intra-species
genomic variation. More detailed sequence comparisons are now in
progress to develop SNP profiling of annotated regions of the genomes for
epidemiological purposes, and to identify subtyping markers that can assist
in future outbreak investigations. A public Bioproject database in NCBI is
being created to host whole genome assemblies as part of this work.

GENOME-WIDE SEARCH TO IDENTIFY IMMUNODOMINANT
BABESIA MICROTI ANTIGENS FOR DIAGNOSTICS AND
VACCINATION

Nitin K. Verma', Richard Skelton’, Essuman Edward', Hong
Zheng', Ankit Puri', Peter Krause?, Sanjai Kumar'

'CBER/FDA, Silver Spring, MD, United States, ?Yale School of Public Health
and Yale School of Medicine, New Haven, CT, United States

Babesiosis, caused by intraerythrocytic protozoan of the genus Babesia is
transmitted by Ixodid ticks but also through blood transfusion. The highest
prevalence of both tick and transfusion-transmitted infection occurs in the
United States where Babesia microti infection is endemic in the Northeast
and upper Midwest. Clinical manifestations range from asymptomatic
infection to fulminant disease that could be fatal. There is no FDA-
licensed vaccine to ameliorate parasite burden and clinical disease and no
laboratory test for diagnosis of acute infection or for screening of blood
donors. In spite of the recent availability of the full genome sequence of

B. microti, there is a scarcity of well-defined, immunodominant B. microti
antigens for development of diagnostic assays for blood donor screening
or for vaccine efficacy studies. By applying a combination of genomics data
mining and screening of whole-genome-fragment-phage-display libraries
expressing the open reading frames of B. microti on immune sera from B.
microti infected patients, we have identified over 50 immuno-dominant
antigens of unknown biological function. Twenty-four of the highest
reactivity B. microti antigens have been produced as recombinant protein
in E. coli. Of these, 12 antigens displayed a strong EIA reactivity with sera
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from B. microti infected individuals from endemic areas in Connecticut
suggesting their potential as diagnostic antigens. Bioinformatics analyses
and studies on their biochemical and cellular characterization as well as
their value as diagnostic vaccine antigens are in progress.

GAMMA IRRADIATED SOLUBLE EXTRACTS OF TOXOPLASMA
GONDII TACHYZOITES INDUCED BETTER HUMORAL AND
CELLULAR IMMUNE RESPONSE DUE TO PREFERENTIAL
UPTAKE BY APCS SCAVENGER RECEPTORS

Andrea da Costa’, Nahiara E. Zorgi?, Nanci do Nascimento?,
Andrés J. Galisteo Jr.!, Heitor F. de Andrade Jr."

'Instituto de Medicina Tropical de Sao Paulo, Sao Paulo, Brazil, Instituto
de Ciéncias Biomédicas da Universidade de Sao Paulo, Sdo Paulo, Brazil,
’Instituto de Pesquisas Energéticas e Nucleares, S&o Paulo, Brazil

Toxoplasmosis occurs in one-third of the adult world population, without
adequate vaccines and causing disease in fetus or specific groups. Aside
to sterilizing effect, gamma radiation acts on antigens inducing enhanced
antisera production against snake venoms or cell and humoral response
to recombinant leprosy proteins. Gamma radiation affects proteins directly
or indirectly in water by action of oxidant radicals from water radiolysis.
Early reports showed gamma irradiated crotoxin had enhanced uptake by
macrophages, limited by scavenger receptors competitors, as probucol.
Irradiated tachyzoites induced adequate immune response with protection,
attributed to mitotic death and DNA damage. Irradiated proteins could
take a part in this process and we study the immune response induced

by gamma irradiated soluble extracts of Toxoplasma gondiii tachyzoites,
using mice immunized with native proteins as controls. Mice immunized
with irradiated extracts without adjuvants showed significant protection
after challenge with ME-49 (p<0.05) and RH (p<0.0001) strains compared
to controls. There are increased specific and high avidity IgG production
(p<0.05) when compare d to controls group. By flow cytometry and in
vitro culture, spleens of mice immunized irradiated extract presented
increased proliferation of CD4+, CD8+ and B cells and IFN-y production
as compared to controls. J774 cells had increased uptake of biotinylated
irradiated extracts as compared to the uptake of native extract (p<0.05),
due to longer and continuous uptake. All these data points to an
alternative and effective uptake and immune processing of irradiated T.
gondii extracts, probably due to specific receptor of oxidized proteins

as scavenger receptors, resulting in enhanced immunity. This data also
implies that irradiated proteins could be involved in the protection induced
by irradiated parasites. Use of antigen gamma radiation can be a simple
process to enhance vaccine efficiency, avoiding the use of adjuvants.

PHYLOGENETIC ANALYSIS OF BLASTOCYSTIS SPP. ISOLATES
IN CLINICAL STOOL SAMPLES FROM BRAZIL

Ronaldo Gryschek’, Gessica Melo?, Fabiana Paula?, Fernanda
Malta4, Celina Maruta?, Paulo Criado?®, Marcello Magri?, Vera
Castilho?, Elenice Goncalves?

"University of Sao Paulo Medical School, Sao Paulo, Brazil, ?Instituto de
Medicina Tropical de Sao Paulo, Sao Paulo, Brazil, *Hospital das Clinicas,
Faculdade de Medicina, Universidade de Sao Paulo, Sao Paulo, Brazil,
“Hospital das Clinicas, University of Sao Paulo Medical School, Sao Paulo,
Brazil

Blastocystis spp. is an organism described as enteroparasite protozoan,
commonly found in stool samples from humans. Several subtypes

have been described in humans, but pathogenic potential and aspects
epidemiological are still controversial. The aim of the present study was
to investigate Blastocystis subtypes (STs) from patients of Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sao Paulo (HC/
FMUSP), Brazil. Blastocystis spp. positive stool samples diagnosed in
Section of Parasitology of Central Laboratory (HC-FMUSP) were used for
DNA isolation. Polymerase chain reaction (PCR) was performed using

specific primers targeting the small subunit of rRNA gene. Direct DNA
sequencing of PCR products was performed, and the DNA sequences
were aligned and compared to other sequences present in GenBank
database. Phylogenetic analysis was inferred using the Neighbor-Joining
method by MEGAG software. Additionally, Blastocystis STs were identified
by determining the exact match or closest similarity against all known
Blastocystis STs using www.pubmlst.org/blastocystis. Four STs were
identified: ST1 (16.0%), ST2 (8.0%), ST3 (68.0%) and ST6 (8.0%). Allele
nos. 34 and 36 were the most frequent haplotypes. The present study is
one of the few that generates STs data from human population in Brazil,
confirming the absence of ST4. Another important finding is the presence
of ST6, rarely detected in human isolates. Subtype prevalence involving
human samples may contribute to the monitoring of infection transmission
of Blastocystis spp in endemic areas, and in future, explain any pathogenic
aspects related to distinct subtypes.

DISTRIBUTION AND HUMAN-INFECTIVE POTENTIAL
OF CRYPTOSPORIDIUM, GIARDIA DUODENALIS AND
ENTEROCYTOZOON BIENEUSI GENOTYPES IN STORM
OVERFLOW AND WASTEWATER IN SHANGHAI, CHINA

Chengchen Huang', Yaoyu Feng', Na Li', Lihua Xiao?

'East China University of Science and Technology, Shanghai, China,
?Centers for Disease Control and Prevention, Atlanta, GA, United States

Few data are available on the distributions of Cryptosporidium, Giardia
duodenalis, and Enterocytozoon bieneusi genotypes and subtypes in
storm overflow from urban areas. In the present study, 40 overflow
samples were collected from two pump stations during July-September

in 2012 and 2014 in Shanghai, China, with 40 raw wastewater samples
from the same stations as controls. They were analyzed by using PCR

for Cryptosporidium spp. (targeting the small subunit rRNA gene), G.
duodenalis (targeting the triosphosphate isomerase, B-giardin, and
glutamate dehydrogenase genes), and E. bieneusi (targeting the ribosomal
internal transcribed spacer). Genotypes of these pathogens were identified
by sequence analysis of PCR products. Samples that contained C. hominis,
C. parvum, C. viatorum, C. ubiquitum, and C. meleagridis were further
subtyped by sequence analyses of the 60-kDa glycoprotein gene. C.
hominis, C. parvum, C. ubiquitum and C. viatorum were the dominant
Cryptosporidium species. C. baileyi, C. muris, and C. meleagridis were
also found in both wastewater and overflow samples. The C. hominis

and C. parvum subtypes were common ones previously found in humans
in China, but C. ubiquitum belonged to two novel subtype families and

C. viatorum was found in China for the first time. There were eight
Group 1 E. bieneusi genotypes in wastewater and storm overflow with
genotype D as the dominant one. For G. duodenalis, subassemblage All
was the dominant genotype in these samples. There were no significant
differences in the distribution of Cryptosporidium species and E. bieneusi
and G. duodenalis genotypes between wastewater and overflow samples.
These results reaffirm that storm overflow is potentially a significant
contamination source of human pathogens in surface water and more
attention should be paid to its roles in environmental transport of
waterborne pathogens.
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DETECTION OF CYCLOSPORA CAYETANENSIS IN FOOD AND
CLINICAL SAMPLES USING A GELIFIED REAL-TIME PCR AS
SAY

Alexandre J. da Sllva’, Fernanda S. Nascimento?, Yvonne
Qvarnstrom?, Hediye N. Cinar', Gopal Gopinath', Marco A.
Krieger?, Rita C. Rampazzo3, Alexandre D. Costa?, Helen Murphy!

"U.S. FDA, OARSA, Division of Virulence Assessment, Laurel, MD, United
States, 2Centers for Disease Control and Prevention, Division of Parasitic
Diseases and Malaria, Center for Global Health, Atlanta, GA, United
States, *FIOCRUZ, Instituto de Biologia Molecular do Parana, Curitiba,
Brazil

Cyclospora cayetanensis is a coccidian parasite associated with numerous
foodborne outbreaks. Current diagnostic detection of C. cayetanensis
relies on microscopy, albeit this technique does not identify the parasite
to the species level. PCR methods in general are more complex than
microscopy and most protocols require multiple steps to set up reactions.
The gelified PCR technology allows the development of ready-to-use PCR
assays that minimize labor and quality issues. By using a pre-mixed, pre-
loaded and gelified reagents the execution of PCR tests is reduced to a
few very simple steps; i.e., (i) addition of DNA template to pre-mixed, pre-
aliquoted gelified reagents, (ii) mixing of content, and (iii) centrifugation
and placement into the real-time PCR thermal cycler for execution of

PCR run. We developed a streamlined real-time gelified PCR method to
detect C. cayetanensis to the species level in foods and clinical samples.
The assay was designed with an internal amplification quality control to
monitor amplification, ensure adequate quality of the DNA preparations,
and troubleshoot technical glitches. The evaluation of the method

in food samples were performed with cilantro spiked with different
concentrations of C. cayetanensis oocysts. Preliminary results indicated
that this assay can detect approximately 10 oocysts of C. cayetanensis
seeded in 25g of cilantro. The sensitivity and specificity of the technique
was evaluated using a total of 38 human stool specimens, of which 34
were microscopically positive for Cyclospora sp, collected during outbreak
investigations in the U.S. No false-positive or false negative results were
obtained. The gelified assay was also evaluated regarding its stability at
different temperatures, including room temperature, and 30°C. The results
from these experiments revealed that the assay may be stable for up to 2
months when pre-loaded vessels with the gelified gPCR mix were stored at
30°C and 4 months at room temperature.

AMIXICILE: A POTENTIAL ALTERNATIVE TREATMENT FOR
TRICHOMONIASIS

Eisha Jain, Edna Zaenker, Katelynn Atwood, Catherine Gineste,
Paul Hoffman, Cirle Warren

University of Virginia, Charlottesville, VA, United States

Trichomoniasis is a sexually transmitted infection in humans caused by
Trichomonas vaginalis. This parasitic infection is the leading causative
agent of vaginitis in women and urethritis in men worldwide. Currently,
metronidazole is the most common drug therapy for this infection, but
resistance is becoming increasingly prevalent. Amixicile is a novel inhibitor
of pyruvate:ferrodoxin oxidoreductase in anaerobic parasites. This study
compared the efficacy of a newly synthesized drug, amixicile, to that of
both metronidazole and the synthetic precursor of amixicile, nitazoxanide,
in inhibiting or killing T. vaginalis in vitro. One standard strain from ATCC
and six unidentified patient-isolated strains of the T. vaginalis parasite were
included in the study. The three drug treatments were compared, each at
concentrations varying from 1.56 - 200uM. Under anaerobic conditions in
vitro, the minimum inhibitory concentrations were determined for each of
the three drugs against the seven T. vaginalis strains tested. The MIC for
metronidazole, nitazoxanide, and amixicile were approximately 12.5uM,
100pM, and 6.25uM, respectively. To determine whether the inhibitory
effect was reversible, antibiotic-exposed isolates were again placed in fresh
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culture media and incubated for 48 hours. Amixicile appeared to have

the greatest efficacy in clearing the parasite at low drug concentrations.
These sensitivity tests show amixicile’s potential in serving as an alternative
to metronidazole in the treatment of the T. vaginalis infection in humans.
Further testing is required to confirm the effect of amixicile in more clinical
isolates and in vivo.

DRUG RESISTANCE IN BABESIA PARASITES THAT INFECT
HUMANS

Matthew Simon', Alexis Dziedziech', Lars Westblade', Audrey
Schuetz’, Stephen Jenkins', J, Stone Doggett?, Laura Kirkman'

"Weill Cornell Medical College, New York, NY, United States, 2OHSU/
Veterans Affairs Medical Center, Portland, OR, United States

In our previous work screening compounds against Babesia in vitro, we
found that atovaquone was the most potent available agent against

this parasite of growing significance in human health. We then studied
atovaquone resistance in the parasite in vitro using continuous drug
pressure on B. divergens cultures. In our mixed culture base pair changes
resulted in M64V/I amino acid changes. These amino acid changes were
associated with an increase in IC50 to atovaquone. Sequence analysis of
the cytochrome b gene revealed that these mutations are likely in the Qo
region and correlate with the M133V mutation described in Plasmodium.
We then compared these in vitro results to those from patients with smear
positivity for B. microti over several transmission seasons. In most samples
we found a wild type cytochrome b gene. In one patient with documented
chronic disease we identified a base pair change leading to an amino

acid change adjacent to the conserved PEWY region, a Y202C amino

acid change that correlated with the described Y268C mutation seen in
Plasmodium. As the number of immunosuppressed patients that are at risk
of B. microti infection increases, there is concern for worsening treatment
failures. We propose that more formal studies of partner drugs and novel
agents should be done given the current limited options to treat B. microti
infections.

A RAPID MOLECULAR TEST TO DIAGNOSE TOXOPLASMA
GONDII'IN MICE AND HUMAN SAMPLES

Janet Acosta’, Jaeson S. Calla-Choque', Andrea Diestra’, Noelia
Angulo’, Francesca Schiaffino?, Maritza Calderén?, Alejandro
Castellanos-Gonzalez?, Roberth H. Gilman?, Toxoplasmosis
Working Group in Peru

'Cayetano Heredia University, Lima, Peru, ?Johns Hopkins University,
Baltimore, MD, United States, *University of Texas Medical Branch,
Galveston, TX, United States

Toxoplasmosis is a parasitic disease caused by Toxoplasma gondii. This
infection is prevalent in humans and animals worldwide. It has been
estimated that one-third of the world population has been exposed to
this parasite. It is acquired by ingesting tissue cysts from undercooked or
raw meat, consuming food or drink water contaminated with oocysts
shed by felids, or by accidentally ingesting oocysts from the environment.
Although the course of the primary infection is usually subclinical and
the vast majority of infected human populations remain asymptomatic,
the infection can cause significant morbidity and mortality in certain
groups. The symptoms include encephalitis, chorioretinitis, congenital
infection and neonatal mortality. Current diagnosis is based on detection
of Toxoplasma-specific IgM and IgG. In this study, we established and
optimized a diagnostic test using Recombinase Polymerase Amplification
(RPA) assay for the molecular diagnosis of T. gondiii in Lima. . The RPA
assay does not require a thermocycler or other specialized equipment
and can be adapted to lateral flow detection, so it may be performed on
the field. For identification and amplification by RPA, we selected a gene
fragment within a gene (B1) that was conserved across T. gondii strains.
The limit of the RPA assays that we performed has a sensibility of detection
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of 0.5 parasites (about 50 fg of DNA), while the conventional PCR detects
about 1 parasite (100 fg of DNA). We also analyzed eight samples (all of
them were given a positive diagnosis for Toxoplasmosis), five were positive
by RPA and only three were positive by conventional PCR. The specificity
was 100 % and did not detect other parasites like Trypanosoma cruzi,
Cryptosporidium, Cyclospora, Leishmania and Plasmodium, Therefore, we
observe that this assay can be applied to human samples for the diagnosis
of the infection. The sensitivity of our methodology is 63% (5/8) and that
of conventional PCR is 38% (3/8), The RPA assay can be further improved
by combining it with lateral flow test. These results are very encouraging
and suggest that RPA could be used as a novel molecular diagnosis
technique for T. gondii infection.

IMMUNOBLOT FOR DIFFERENTIATION BETWEEN ACUTE AND
CHRONIC INFECTION OF TOXOPLASMA GONDII USING A
MURINE MODEL

Yomara Romero’, Noelia Angulo’, Edith Arocutipa’, Janet
Acosta’, Miguel Mogollon?, Alejandro Florentini®, Cristina
Montoya?, Raul Ynocente?, Jaeson S. Calla-Choque’, Juan
Jimenez?, Maritza Calderén', Roberth H. Gilman3, Toxoplasmosis
Working Group in Peru

'Cayetano Heredia University, Lima, Peru, 2Universidad Nacional Mayor de
San Marcos, Lima, Peru, *Johns Hopkins University, Baltimore, MD, United
States

Toxoplasmosis is caused by the obligate intracellular parasitic protozoan,
Toxoplasma gondiii. This infectious agent is generally foodborne and
enters the host through ingestion of raw or undercooked meat derived
from infected animals. Usually the acute toxoplasmosis occurs in
immunosuppressed patients, while most of the people remain in the
chronic phase without symptoms. Current diagnostic tests are not able
to differentiate between acute and chronic infection. In this study we
validated the response against T. gondii antigens in an experimental
mouse model of Toxoplasmosis in two stages of infection. Five female
Swiss Webster mice were infected orally with cyst of T gondii ME49 strain
and four mice were inoculated with saline solution (control group). Blood
was collected 8, 15, 30 and 60 days post-infection. The mouse brain
infections were confirmed by conventional PCR and by optical microscopy.
The immunoblot was performed using the tachyzoite lysate proteins of
RH strain as antigen, and IgM and IgG as detection antibodies. For the
IgM immunoblot we identified three immunogenic proteins with low
molecular weight (25, 30 and 39 kDa); these bands appeared within 8
and 15 days post infection and gradually disappeared until 60 days. For
the IgG immunoblot we observed the same antigenic bands and also the
specific recognition of a 28 kDa protein. The band corresponding to this
protein was observed after 30 days (chronic stage) post-infection, and
afterwards its intensity increased progressively. We can also detect other
high molecular weight immunogenic proteins. The detection of these
proteins by immunoblotting might be useful to estimate the stage and
development of infection in the diagnosis of the toxoplasmosis disease.

STANDARDIZATION OF AN ON-BEAD SANDWICH ELISA FOR
THE DETECTION OF TOXOPLASMA GONDII ANTIGEN SAG1

Cusi Ferradas’, Edith Malaga', Noelia Angulo', Yomara Romero’,
Alejandro Florentini?, Cristina Montoya?, Raul Inocente?, Miguel
Mogollon?, Juan Jimenez?, Maritza Calderon', Robert H. Gilman?
"Universidad Peruana Cayetano Heredia, Lima, Peru, Universidad Nacional
Mayor de San Marcos, Lima, Peru, Johns Hopkins Bloomberg School of
Public Health, Baltimore, MD, United States

Toxoplasmosis is a disease caused by Toxoplasma gondii. Infected adults
generally develop a chronic infection and remains asymptomatic. However,
if a person becomes immunosuppressed, the infection can be reactivated
and cause severe damage in different tissues, mainly leading to a diffuse

encephalopathy. The diagnosis of this disease is principally done by

the detection of antibodies in blood; nonetheless, IgG antibodies can
persist live long in immunocompetent toxoplasma-infected individuals,
making it difficult to differentiate between a recent and an older
infection. On the other hand, the antibody production can be impaired

in immunocompromised patients. For these reasons, it is important to
design new diagnostic tests that can detect circulating antigens (CAQ).
Although some tests have been already developed, it is necessary to
create more easy, simple and accurate approaches for the detection of
CAg. The use of microparticles provides a large surface-to-volume ratio
that facilitates detection, stability, and manipulation. The aim of this study
is to standardize an on-bead sandwich ELISA for the detection of the

main surface antigen of T. gondii (SAG1 or P30). In order to do this, we
used magnetic microparticles Dynabeads-M270 Epoxy and got a good
performance using a concentration of 0.05 mg. The standardization
process was done using Total Lysate Antigen from parasite culture of the
RH strain. The optical density (OD) of the positive control was 2.6 times
the OD of the negative control and the minimum amount of SAG1 that
could be detected was 100 ng (considering that it accounts for 3 to 5% of
the total T. gondiii protein). We processed 7 mice serum samples (4 were
infected with RH strain and 3 with ME49 strain). The ODs of the samples
from RH-infected mice were 4 to 7 times higher than the ODs of the
negative control. However, the ODs of the serum samples from the ME49-
infected mice were very similar to negative controls. The future direction of
this project is to perform this assay using other types of microparticles and
new commercially available antibodies in order to increase the sensibility
and specificity in the toxoplasmosis diagnosis.

URBAN PIGEONS (COLUMBA LIVIA DOMESTICA) AS SOURCE
OF ENVIRONMENTAL SPREAD OF CRYPTOSPORIDIUM WITH
ZOONOTIC POTENTIAL

Teresa Cristina Bomfim, Alexandre de Pina Costa

Federal Rural University of Rio de Janeiro, Veterinary Institute, Department
of Animal Parasitology, Rio de Janeiro, Brazil

Urban pigeons, also known as domestic pigeons or Rock Pigeons (Columba
livia domestica), are birds of Columbiformes order quite common in many
urban centers, living in close contact with humans. Three hundred and
eleven pigeons were captured with appropriate cages found at home and
in human’s peridomicile in the state of Rio de Janeiro, Brazil. The bottom
of the cages was protected by a plastic, to facilitate the collection of feces;
after the birds defecated they were released. Microscopic diagnosis was
performed to verify the presence of Cryptosporidium oocysts using the
technique of centrifugal flotation in sugar solution. In positive samples a
DNA extraction was performed, followed by PCR technique for the 18S
target gene. All samples obtained from the Nested-PCR reaction were
stained and observed on agarose gel and subsequently purified. After

this procedure they were sequenced at BLAST platform, and a search

of sequences obtained was performed to determine their identities and
possible similarities and homologies with previously deposited species

in GenBank ‘. Phylogenetic analyzes were performed using the MEGA 6
software. Of a total of 387 fecal samples 16.31% (54/311) were positive in
microscopy, and of these, 5,68% (22/387) were sequenced and identified
two species C. meleagridis and C. baylei. Species C. meleagridis is worrying
in terms of public health, because the pigeons are easily adapted to
human environment, whether for the abundant supply of shelter, lack of
predators, lots of food available; in addition, C. meleagridis is the third
most prevalent species in humans.
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GENETIC DIVERSITY AND TRANSMISSION DYNAMICS OF
CRYPTOSPORIDIUM PARASITES IN CATTLE OF SOUTHERN
GHANA

Bethel Kwansa-Bentum, Fred Aboagye-Antwi, Henrietta T.
Kwansa-Bentum, Ato Mensah, Eric A. Okrah, Joseph Otchere,
Michael D. Wilson

University of Ghana, Legon, Accra, Ghana

The coccidian parasite Cryptosporidium causes enteric disease in human
beings, domestic animals and wild vertebrates. Infection is often self-
limiting in immunocompetent individuals, but could be severe and chronic
in persons with compromised immune system. Studies have shown a
strong association between human cryptosporidiosis and contact with
potentially infected cattle, particularly pre-weaned calves. Whereas studies
on cryptosporidiosis in Ghana have focused on microscopy identification of
the pathogen in immunocompromised people, limited information exists
on the genetic composition of this zoonotic parasite species. The study
reported in this paper investigated the genetic diversity of Cryptosporidium
parasite across different age groups of cattle from the southern part of
Ghana. Stool samples were collected from cattle and were processed by
formol-ether concentration. After morphological identification of the
oocysts, genomic DNA was extracted from the concentrate, followed by
polymerase chain reaction assay to identify the species of the parasites.
PCR positive samples were subjected to Restriction Fragment Length
Polymorphism analysis using Sspl for species diagnosis or Vspl for
genotyping of C. parvum. Out of the 90 stool samples analysed so far, 11
were positive for C. parvum. Further analysis are ongoing to ascertain if
the strain is similar to those in human beings.

PATHOGENICITY OF DIENTAMOEBA FRAGILIS

Damien Stark’, Joel Barratt?, John Ellis?

1St. Vincent's Hospital, Darlinghurst, Australia, University of Technology
Sydney, Broadway, Australia

Dientamoeba fragilis is a trichomonad protozoan which is commonly
reported throughout the world. Despite its initial discovery over 100 years
ago remarkably little is known about this parasite. The parasites life cycle
and mode of transmission are poorly defined, and controversy surrounds
the pathogenic potential of this organism. This talk will highlight the latest
clinical studies, animal studies and the recent publication of the D. fragilis
transcriptome from which several potential markers of pathogenicity were
described. Molecular detection of the parasite will also be discussed.

COMPARISON OF TWO RECOMBINANT ANTIGENS FOR
DIAGNOSIS OF CHRONIC HUMAN FASCIOLIASIS

Angel Hsu', Isabel McAuliffe?, Lorna Cruz?, Ana M. Espino?,
Sukwan Handali?

'Emory University, Atlanta, GA, United States, Centers for Disease Control
and Prevention, Atlanta, GA, United States, *University of Puerto Rico, San
Juan, PR, United States

Fascioliasis has been recognized as an emerging/reemerging zoonotic
disease with an estimated prevalence of up to 17 million people infected
and 180 million at risk for infection worldwide. In the United States,
fascioliasis should be considered in immigrants, refugees or travelers with
eosinophilia. Public health laboratories need a simple and reliable method
for diagnosis of fascioliasis to identify and treat cases. The recognized
laboratory test of choice for diagnosis of fascioliasis is detection of disease
specific antibodies, most commonly using excretory-secretory antigens

for detection of IgG antibodies. Recently, recombinant proteins such as
FhSAP2 and Fh-CLP-1, have been used in an ELISA based format to detect
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IgG antibodies. To develop a better assay that could be used for diagnostic
and surveillance, we used the GST-FhSAP2 recombinant antigen and
Fh-CLP-1 to develop Western blot (WB) to detect Fasciola hepatica total
IgG antibodies. We evaluated the assays using well-characterized sera
from persons with or without fascioliasis. The sensitivity and specificity of
GST-FhSAP2 and FhCLP1 WB were similar at 94% and 98% and 100%
and 99%, respectively. For the multiplex immunoblot, the sensitivity and
specificity were 100% and 98%. Although the defined positive sample
size is small, the study supports the previous study results. In conclusion,
the GST-FhSAP2 and FhCLP1 antigens perform well in immunoblot format
separately or combined and can be readily adopted by public health and
commercial reference laboratories for clinical diagnosis of £ hepatica
infection in refugees, immigrants, and travelers with eosinophilia in the
United States.

APICAL SODIUM-DEPENDENT BILE ACID TRANSPORTER
OF CLONORCHIS SINENSIS: 3D STRUCTURE AND
FUNCTIONALITY

Won Gi Yoo, Fuhong Dai, Ji-Yun Lee, Sung-Jong Hong
Chung-Ang University, Seoul, Republic of Korea

Apical sodium-dependent bile acid transporter (ASBT, SLC10A2)

plays a key role in the bile acid recycling. Bile acid uptake of ASBT is
electrophysiologically coupled with co-transport of sodium ion. When
Clonorchis sinensis survive in the bile duct, an extreme environment

of bile juice, C. sinensis ASBT (CsASBT) could serve as an important
contributor in its bile-taxis and survival. In this respect, we report here

a homology modeling and molecular docking of CsASBT as a drug
target. Its complete coding sequence was 1,641 bp long and encoded

a polypeptide of 546 amino residues. Inward-facing (IF) and outward-
facing (OF) conformations of CsASBT 3D model were generated by
homology modeling using the crystal structures of Neisseria meningitidis
(PDB ID: 3zuy) and Yersinia frederiksenii (PDB ID: 4n7x) as templates. The
modeled structures were further refined and verified for higher reliability.
IF- and OF-CsASBT were built in region of 185-492 aa and 189-489 aa,
respectively, whereas remaining region was predicted to be disordered
and showed few homologues in the trematodes. Similar to the ASBTs,
CsASBT was predicted to have 10 transmembrane domains (TM) divided
into two groups: a core group formed with TM3-5 and 8-10; a panel
group formed with TM1, 2, 6 and 7. TM1-5 and TM6-10 were structurally
homologous but oppositely oriented, thus producing an internal twofold
pseudosymmetry. IF-CSASBT had three sodium binding sites. One binding
site was coordinated by TM4b, TM5 and TM9a, and the other by TM3,
TM4 and TM9. A third binding site was predicted to be coordinated by
TM4a. Taurocholate binding pocket was located in an intracellular cavity.
Structure-based virtual screening was carried out using a reliable IF- and
OF-CsASBT model. Inhibitors, not working on human ASBT, were selected
through a pharmacophore-based filtering. Taken together, we report the
refined models of CsASBT important for further study on function of the
ASBTs and on structure-based drug design targeting the ASBTs.

OPISTHORCHIS FELINEUS HEMOZOIN DEPRESSES INTEGRIN
CELL SURFACE EXPRESSION ON CHOLANGIOCYTES

Irina Saltykova', Alexandra Pershina’, Irina Salkina', Victoria
Mann?, Sergey Ryzhov?, Paul Brindley?

'Siberian State Medical University, Tomsk, Russian Federation, °George
Washington University School of Medicine and Health Sciences,
Washington, DC, United States, Center for Molecular Medicine Maine
Medical Center Research Institute, Portland, ME, United States

Infection with the fish borne liver fluke Opisthorchis felineus is common
in the Eastern Europe (Ukraine, European part of Russia), Northern Asia
(Siberia) and Central Asia (Northern Kazakhstan). The pathophysiology of
the liver and bile duct tract due to parasitism coincides with the presence
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of adult worms in the bile ducts, implicating worm excretory-secretory
products acting on cholangiocytes, the epithelial cells lining the biliary
tree. Excretory-secretory products of O. felineus include hemozoin, a
byproduct of digestion of ingested host blood, which sequesters the

toxic heme moiety. Hemozoin release from O. felineus accumulates in
ectasia in the bile ducts -- hemozoin 'knobs’. We investigated the spread
of hemozoin in the host circulation during distant organs during acute
and chronic opisthorchiasis infection, and also the influence of hemozoin
on cell growth. Using spectrophotometry and luminometry, we detected
highest concentration of hemozoin in the bile ducts. Hemozoin was
present in the parenchyma of the liver of hamsters during acute and
chronic opisthorchiasis felinea, but not detected n heart, spleen, lung and
muscles. The human cholangiocyte cell line H69 was exposed to hemozoin
(O.F. hemozoin) isolated from bile ducts of hamsters, as well to synthetic
hemozoin, and cell growth monitored in real time (xCELLigence System,
Acea). O.F hemozoin lead to the changes of the adhesion characteristics
of cells that dramatically decreased the cell index. By multiparametric flow
cytometry, we found that both O.F and synthetic hemozoin depressed
integrin beta-1, integrin beta-5 at the surface of H69 cells, and O.F
hemozoin lead to the increasing of CD49a, an integrin alpha subunit.
These findings indicated that liver fluke hemozoin induced raid and
marked changes in the growth and adherence of cholangiocytes, findings
that warrant further investigation.

HYDROLOGICAL IMPACTS ON DISEASE TRANSMISSION OF
OPISTHORCHIS VIVERRINI IN THE LAWA LAKE COMPLEX: A
MODELLING PERSPECTIVE

Tomas Leon’, Robert C. Spear!, Kittiwet Kuntiyawichai?, Vichian
Plermakamon?, Banchob Sripa?

"University of California Berkeley, Berkeley, CA, United States, 2Khon Kaen
University, Khon Kaen, Thailand

Several stages of Opisthorchis viverrini's transmission cycle are mediated
by water: from contaminated feces to snail as an egg, from snail to fish
as cercariae, and from fish to definitive host as the infected fish is caught
and consumed. All three of these processes are dependent on hydraulic
connectivity, which changes seasonally in the floodplain ecosystem around
the Lawa Lake complex in Khon Kaen Province, Thailand, our study site
of interest. The prevailing theory, with limited empirical evidence to
support, is that there are very limited circumstances and geographical
areas in which these processes occur. Biology, parasitology, and ecology
research inform us of some guiding assumptions that provide a tentative
picture of how and where transmission is occurring in the environment.
However, an exhaustive hydrologic model has never been developed and
integrated into a transmission framework in order to explain the liver
fluke development cycle. To that end, the development of a site-specific
hydrodynamic model to understand connectivity between Lawa Lake,
the Chi River, and surrounding wetlands is key to helping us identify
"hot zones” of transmission, understand the scale of these transmission
processes, and interpret historical and present data about infection

levels in snails, fish, and humans. The model outputs flow vectors that
elucidate the relationship between the villages around the lake, the scale
of transmission, and proximity to susceptible habitats for snails and fish.
The full model integrates the hydrologic model outputs as time-varying
parameters into the disease model to describe transmission patterns.
Results generated can be used to inform sustainable environmental control
strategies in northeast Thailand and across Southeast Asia to reduce
parasite and subsequent cancer burden.

OPISTHORCHIS VIVERRINI INFECTION EXACERBATES THE
SEVERITY OF DIABETIC LIVER INJURY AND NON-ALCOHOLIC
FATTY LIVER DISEASE

Apisit Chaidee’, Sudarat Onsurathum?, Ornuma Haonon',
Patchareewan Pannangpetch’, Chatlert Pongchaiyakul', Victoria
H. Mann?, Chawalit Pairojkul’, Wannaporn Ittiprasert?, Paul J.
Brindley?, Somchai Pinlaor!

'Khon Kaen University, Khon Kaen, Thailand, ?George Washington
University, Washington, DC, United States

The highest co-prevalence between infection with Opisthorchis viverrini
and diabetes mellitus (DM) is found in the northeastern Thailand.
Inflammatory responses that lead to hepatobiliary disease is seen during
opisthorchiasis. Moreover, non-alcoholic fatty liver disease (NAFLD) and
diabetic liver injury caused by DM lead to the majority burden of liver
disease at large. However, the association among opisthorchiasis, DM and
hepatobiliary disease have not been clarified. The aim of these studies
was to investigate the effect of O. viverrini infection on the development
and progression of DM, NAFLD and diabetic liver injury in models using
hamsters and cell lines. An experiment was carried out on four groups

of hamsters: (1) normal control (NC), (2) chronic opisthorchiasis (OV), (3)
NC and HFD fed with 10% fructose in drinking water for short-term (one
month) and long-term (four months) (HF), and (4) O. viverrini infection

at 4 months and followed by HFD fed with 10% fructose in drinking
water for one and four month(s) (OVHF). Hamsters were euthanized at
designated time points at five and eight months following infection.

The fasting blood glucose levels of all experimental groups did not differ
significantly. Intriguingly, the homeostatic model assessment of insulin
resistance (HOMA-IR) in short-term HF treatment of group 3 was higher
than other groups at the same time point. However, the HOMA-IR of
long-term HF treatment of group 3 was not different from OVHF group
but higher than OV group at the same time point. Histological features of
hamster livers revealed that the highest amount of lipid droplet was found
in short-term HF treatment of OVHF group. In addition, we observed

that excretory/secretory products of O. viverrini suppressed the growth of
HepG2 cell line by dose-dependent manner when monitored under real-
time monitoring system. These findings indicate the effect of O. viverrini
on the improvement of insulin sensitivity. Infection with O. viverrini might
inhibit regeneration of hepatocytes and increase the severity of diabetic
liver injury, and hence chronic opisthorchiasis might represent a risk factor
for NAFLD.

DEVELOPMENT OF A NOVEL METHOD FOR OPISTHORCHIS
VIVERRINI DNA DETECTION IN URINE BY PCR ASSAY

Andrew Ancharski’, Paiboon Sithithaworn?, Chanika Worasith?,
Nadda Kiatsopit?, Elizabeth Carlton'

'Colorado School of Public Health, University of Colorado, Anschutz
Medical Campus, Aurora, CO, United States, °’Khon Kaen University
Department of Parasitology, Liver Fluke and Cholangiocarcinoma Research
Center, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand

Opisthorchis viverrini infects 9 million people worldwide and is endemic
in Thailand, Laos, Vietnam and Cambodia. Treatment is the most effective
tool we have to reduce the transmission and burden of disease while
increasing the quality of life for persons infected. In order to effectively
treat, we must diagnose those who are infected. Microscopy is the current
diagnostic standard for O. viverrini through the identification of eggs in
stool but is hampered by under diagnosis and misclassification. Our goal
is to develop a protocol for O. viverrini DNA detection in urine for future
diagnostic purpose. We developed and validated an extraction technique
to isolate O. viverrini DNA from urine using BioMatrix Resin by adapting

a method recently developed for Schistosoma mansoni. PCR, using

O. viverrini -specific primers (pOV-6) was performed and optimized to
detect the isolated DNA. 5ml of clean negative human urine was spiked
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with 3500 ng of O. viverrini DNA and a serial dilution was performed to
determine the detection limit. A 5ml pooled sample of 10 positive human
samples was made and we performed a serial dilution to determine the
profile of O.viverrini DNA by PCR. The PCR using pOV-6 primers on DNA
extracted from urine worked successfully in spiked samples and human
samples. The extraction method resulted in the retention of 33% of the
original DNA amount. The detection limit of O. viverrini DNA in urine

is 0.077 pg. The pooled samples showed DNA presence at a 10-25%
dilution but not at higher or lower concentrations. This is the first report
of the detection of Opisthorchis viverrini DNA in urine. Urine is easier to
obtain from humans than feces or blood samples because of cost, time,
and intrusiveness. Overall we were able to achieve the detection of O.
viverrini DNA in urine, which prompts potential investigation as to why
the DNA is there and allows for further develop a sensitive and specific
diagnostic assay for opisthorchiasis with the goal of reducing morbidity
and mortality.

MOLECULAR CHARACTERIZATION OF THE LARVAL PHASE
OF SCHISTOSOMA MANSONI IN BIOMPHALARIA GLABRATA
MOLLUSKS UNDER EXPERIMENTAL CONDITIONS

Marcia Oliveira Casotti', Roseli Tuan Tuan', Michele Gomes?,
Emmanuel Dias-Neto?, Jodo Renato Rebello Pinho?, Fabiana
Martins Paula?, Flair José Carrilho José Carrilho?, Expedito José
Albuquerque Luna?, Ronaldo Cesar Borges Borges Gryschek?,
Maria Cristina Espirito-Santo*

'Superintendéncia de Controle de Endemias (SUCEN), Sdo Paulo, Brazil,
Faculdade de Medlcina da Universidade de Sao Paulo, Sdo Paulo, Brazil,
3Instituto de Medicina Tropical, Sdo Paulo, Brazil, “Faculdade de Medicina
da Universidade de Sao Paulo, Sao Paulo, Centro Universitario Fundacao
Oswaldo Aranha, Rio de Janeiro, Brazil

Schistosomiasis mansoni affects approximately 207 million people in the
world. In Brazil, a major goal of the Control Program for this parasitosis
is to reduce the risk of geographic expansion. The main intermediate
host of Schistosoma mansoni is Biomphalaria glabrata. The detection of
larval stages in intermediate hosts is an important challenge to public
health once it can indicate early natural infections rates. The objective

of this study is to standardize the detection of S. mansoni from primary
sporocysts developed in B. glabrata mollusks tissue artificially infected with
Belo Horizonte S. mansoni lineage, using the Polymerase Chain Reaction
(cPCR), a Two Sequential PCR-amplification (Re-PCR) and TagMan® Real-
Time PCR system (qPCR). Twenty B. glabrata mollusks were infected with
thirty miracidia obtained from a laboratorial cycle of S. mansoni. For

S. mansoni DNA extraction, after thirty days, four daughter-sporocysts
were collected. Moreover, the head-foot portion was removed from four
additional specimens of B. glabrata. The nucleic acid was extracted using
the DNeasy Blood and Tissue Kit (Quiagen). Extracted DNA was quantified
using Nanodrop and amplified with the three molecular techniques

cited above, using primers that amplify 121bp S. mansoni DNA tandem
sequences. The amplification product was detected in agarose gel 2%.
The extraction process of daughter-sporocysts yielded around 6.1 ng/uL
of S. mansoni DNA. The amplification products of cPCR were faint, but
the results were better after Re-PCR and gPCR, which showed a mean

of 20.07 Cycle Treshold (Ct). S. mansoni DNA extraction from complete
head-foot portion yielded an average of 487.5ng/uL, with good results in
cPCR, Re-PCR and gPCR that pointed a Ct average of 15.92. S. mansoni
sporocyst molecular detection from the head-foot portion demonstrated
a high sensibility and specificity. Therefore, it could represent a new tool
in early characterization of snail susceptibility to S. mansoni in natural
conditions and assist in the control of this parasitosis.

IDENTIFICATION OF GENES TARGET OF REGULATION BY
MAPKS IN SCHISTOSOMA MANSONI

Sandra G. Gava', Naiara C. Paula’, Anna C. Salim’, Flavio M.
Araujo’, Guilherme C. Oliveira?, Marina M. Mourao'

'CPQRR, Belo Horizonte/MG, Brazil, ?ITV, Belém, PA, Brazil

Eukaryotic protein kinases (ePKs) are important for the regulation

of several cellular functions. It is known that 252 ePKs are encoded

by the Schistosoma mansoni genome, which corresponds to 2% of

the predicted proteome. However, only 24 ePKs have experimental
functional evidence. The family of mitogen-activated protein kinase
(MAPKSs) influences various biological activities and are widely studied

as drug targets. Our group identified MAPKs orthologs in S. mansoni by
in silico analyses and demonstrated by functional studies that MAPKSs
(SmCaMK2, SmJNK, SmERK1, SmERK2 and Smp38) are involved in
parasite development, reproduction and survival and may therefore be
considered potential targets for the development of new drugs. In this
study, we aim to contribute to the experimental characterization of ePKs
by the identification of specific genes regulated by MAPKs pathways. To
elucidate these target genes, the five selected genes were knocked down
by RNA interference in schistosomula and RNA-Seq analysis of treated
parasites were performed, including three biological replicates. For all
genes selected, we observed approximately 75% reduction on transcript
levels, except for SMERK-2. RNA-Seq libraries were then prepared with
RNA derived from knockdown parasites according to the Truseq stranded
mMRNA Library Prep protocols and were sequenced on /llumina HiSeq
2500 platform. We generated 27 paired-end libraries that generated

100 bp reads. Sequences were aligned to the latest S. mansoni reference
genome (version 5.0) and differentially expressed genes were identified by
comparing each MAPK knockdown against control parasites (treated with
unspecific GFP-dsRNA). We also checked the occurrence of potential off-
targets by using GFP or mCherry dsRNA as unspecific controls. RNA-seq
analyzes were performed comparing schistosomules treated with these
unspecific dsRNAs and schistosomules untreated. This work will allow a
better understanding of these signaling pathways, helping to elucidate the
functional roles of MAPKs, as well as assisting in the future development
of therapeutic intervention tools for schistosomiasis control.

HISTONE MODIFYING ENZYMES ARE POTENTIAL
THERAPEUTIC TARGETS AGAINST SCHISTOSOMIASIS ASIT IS
ESSENTIAL TO VIABILITY AND REPRODUCTION

Pedro H. Aguiar’, Naiara C. Paula’, Fernanda S. Coelho’,
Policarpo A. Sales’, Juliano M. Araujo', Luiza F. Andrade’,
Wolfgang Sippl2, Manfred Jung?, Antonello Mai“, Raymond J.
Pierce®, Guilherme C. Oliveira®, Marina M. Mourao'

"CPQRR/IFIOCRUZ, Belo Horizonte, Brazil, ’Martin Luther Universitat Halle,
Wittenberg, Germany, *Albert Ludwigs Universitat, Freiburg, Germany,
“Universita degli Studi di Roma La Sapienz, Roma, Italy, ®Institut Pasteur de
Lille, Lille, France, ®Instituto Tecnoldgico Vale, Belém, Brazil

Schistosomiasis is the second most prevalent parasitic disease in the
world. The treatment rely on a single drug, Praziquantel, and due to

the identification of drug resistant parasites, the development of new
chemotherapy against schistosomiasis is required. Histone modifying
enzymes (HMEs) play a central role in regulating chromatin epigenetic
modifications and are implicated as therapeutic targets in various diseases.
In this work, we employed RNA interference to validate 1 histone
deacetylases (SMHDACS), 5 demethylases (HDM) and 10 methyltranferases
(HMT) as drug targets in Schistosoma mansoni, from those, 4 were chosen
for experimental validation. Additionally, specific inhibitors developed by
the A-PARADDISE consortium were used to interrogate HMEs as drug
targets against S. mansoni. To elucidate the roles of HMEs, schistosomula
were exposed to dsRNAs, injected in mice and evidenced that SMHDACS8
is important to parasite development and survival. Additionally, HDACS,
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PRMT3 and KDM1/KDM2, seem to be associated in egg production

since infected mice had significantly lower egg burdens and female
worms presented underdeveloped ovaries. For the inhibitors screening,
schistosomula were exposed to 300 inhibitors and parasite viability was
assessed by measurement of lactate produced in the medium and by
propidium iodide staining. These inhibitors were also tested on adult
worms, in which parasites mobility were evaluated using the WormAssay
software. In the lactate and propidium iodide assays, 60 and 76 active
inhibitors were identified, respectively. Using the WormAssay, 76
compounds were active in male worms, 101 were active in female worms,
from those, 54 were active in both genders. Also, the IC50 was established
for the active compounds and cytotoxicity was tested in mice fibroblast
cells. These results indicate that HMEs are essential to parasite viability,
oviposition and/or development of reproductive system, confirming its
potential as drug targets. In addition some inhibitors seem to be potential
candidates for drugs against schistosomiasis.

CLONING AND CHARACTERIZATION OF A SCHISTOSOMA
JAPONICUM AQUAGLYCEROPORIN THAT FUNCTIONS IN
OSMOREGULATION

Yuzheng Huang', Wei Liz, Chunrong Xiong?, Ying Zhang?, Kun
C. Liu*, Peng Cao’

'Jiangsu Province Academy of Traditional Chinese Medicine, Nanjing,
China, “Jiangsu Institute of Parasitic Diseases, Wuxi, China, *Jiangsu,
Wuxi, China, “Johns Hopkins Malaria Research Institute, Dept. Molecular
Microbiology and Immunology, Bloomberg School of Public Health, The
Johns Hopkins University, Baltimore, MD, United States

As one of the three major human pathogens that cause schistosomiasis,
Schistosoma japonicum is the only one that is endemic in China. Despite
great progress on schistosomiasis control over the past 50 years in China,
S. jJaponicum transmission still occurs in certain endemic regions, which
causes significant public health problems and enormous economic

losses. During different life stages, parasites are able to survive dramatic
osmolality changes between its vector, fresh water, and mammal host.
However, the molecular mechanism of parasite osmoregulation remains
unknown. To address this challenging question, we report the first
cloning of an S. japonicum aquaglyceroporin (SJAQP) from an isolate from
Jiangsu province, China. Expressing SJAQP in Xenopus oocytes facilitated
the permeation of water, glycerol, and urea. The water permeability of
SJAQP was inhibited by 1 mM HgCl2, 3 mM tetraethylammonium, 1 mM
ZnCl2, and T mM CuSO4. SJAQP was constitutively expressed throughout
the S. japonicum life cycle, including in the egg, miracidia, cercaria, and
adult stages. The highest expression was detected during the infective
cercaria stage. Our results suggest that SJAQP is very likely to play a role in
osmoregulation throughout the S. japonicum life cycle, especially during
cercariae transformation, which enables parasites to survive osmotic
challenges.

THERAPEUTIC EXPLOITATION OF IPSE, A UROGENITAL
PARASITE-DERIVED HOST MODULATORY PROTEIN, FOR
CHEMOTHERAPY-INDUCED HEMORRHAGIC CYSTITIS

Evaristus C. Mbanefo’, Luke Pennington?, Theodore Jardetzky?,
Michael Hsieh'

'Bladder Immunology Group, Biomedical Research Institute, Rockville,
MD, United States, ?Department of Structural Biology, Stanford University
School of Medicine, Stanford, CA, United States

The vast majority of urogenital schistosomiasis-infected individuals lack
day-to-day hematuria, a cardinal sign of urinary tract injury. This suggests
that parasite factors may help balance life cycle propagation via bladder
wall penetration to allow egg passage into urine, against inducing life-
threatening hemorrhagic cystitis (HC) that would preclude life cycle
completion. IL-4-inducing principle from Schistosoma mansoni eggs

(IPSE) is the most abundant egg-secreted protein of S. mansoni, which
induces IL-4 release from basophils via binding to cell-surface IgE. IPSE also
sequesters chemokines and alters host gene transcription by translocating
into host nuclei. We hypothesized that the S. haematobium homolog of
IPSE (H-IPSE) may regulate HC. Because schistosome transgenesis remains
elusive, we tested host-modulatory properties of H-IPSE using a model

of HC based on nitrogen mustard alkylating agents (cyclophosphamide
and ifosfamide), which are used to treat cancers but often result in HC.
Current options to prevent ifosfamide-induced HC using Mesna can

have significant side effects. IL-4 has been shown to ameliorate HC in
mice, but systemic IL-4 administration results in unacceptable morbidity.
Given the IL-4-inducing properties of IPSE, we postulated that H-IPSE may
ameliorate ifosfamide-induced HC. Mice were administered combinations
of ifosfamide, IL-4, Mesna, anti-IL-4 antibody and H-IPSE. Readouts include
bladder wet weight, histology (i.e., edema, hemorrhage), and hemoglobin
content, spontaneous and evoked pain, voided urine spot assay, cytokine
analysis and transcriptional profiling. We found that H-IPSE is comparable,
and possibly superior, to IL-4 in suppressing ifosfamide-induced HC in
mice, including associated urinary frequency and spontaneous pain
behavior. Through use of anti-IL-4 antibody and a nuclear localization
sequence mutant of H-IPSE, we determined that the therapeutic effect
was dependent on IL-4 and nuclear localization. To our knowledge, our
work is one of the first successful therapeutic exploitation of uropathogen-
derived molecule in a clinically relevant bladder disease model.

SCHISTOSOMA HAEMATOBIUM IPSE, A CANDIDATE PRO-
ONCOGENIC FACTOR

Evaristus Mbanefo’, Irina Saltykova?, Luke Pennington?,
Theodore Jardetzky?, Paul Brindley?, Michael Hsieh'

'Bladder Immunology Group, Biomedical Research Institute, Rockville, MD,
United States, ?Department of Microbiology, Immunology and Tropical
Medlcine, and Research Center for Neglected Diseases of Poverty, George
Washington University, Washington, DC, United States, *Department of
Structural Biology, Stanford University School of Medicine, Stanford, CA,
United States

Urogenital schistosomiasis (UGS) affects over 112 million people globally.
Adult worm pairs in the pelvic venous plexus deposit eggs in the bladder.
The eggs secrete antigens that induce granuloma formation, in turn
provoking immunopathogenic sequelae that include urothelial hyperplasia
and carcinogenesis. The IL-4-inducing principle of Schistosoma mansoni
eggs (IPSE) is a prominent antigen released by schistosome eggs. IPSE
binds immunoglobulins and chemokines, translocates into host nuclei

and modulates gene transcription, and induces basophils, mast cells, and
NK T-cells to release IL-4, thereby orchestrating a dominant Th2 response.
Given that the IPSE gene is only found in Schistosoma, it is a candidate
pro-carcinogenic factor in schistosomal bladder cancer. We hypothesize
that the Schistosoma haematobium homolog of IPSE (H-IPSE) plays a
major role in driving the inflammation-associated urothelial proliferation
and bladder carcinogenesis during UGS. Recombinant H-IPSE was co-
cultured with a panel of urinary bladder cell lines derived from primary
and transformed tissues, representing diverse species of origin and stages
of carcinogenesis: HTB-9 (Grade Il human bladder carcinoma), HCV-29
(from normal human bladder urothelium) and MB49 (mouse urothelial
carcinoma). Readouts included CFSE proliferation assays, cell cycle analysis,
TUNEL apoptotic assays, real-time monitoring of cell migration and
invasion using the xCELLigence platform, and gPCR-based transcriptional
profiling. Whereas an influence of H-IPSE on proliferation and apoptosis
of HTB-9 cells was not seen, it stimulated proliferation of HCV-29 and
MBA49 cells in a concentration-dependent manner. Moreover, cell cycle
analysis showed that H-IPSE increased the proportions of MB49 cells in the
S-phase. These findings indicate that H-IPSE might contribute to bladder
cancer progression in the context of UGS. Ongoing work will define

the mechanisms by which H-IPSE promotes S. haematobium-associated
oncogenesis.
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PROTON CHANNELS IN BIOMPHALARIA GLABRATA
EMBRYONIC CELL MEMBRANES: PUTATIVE TARGET FOR
SCHISTOSOMA MANSONI LARVAL TRANSFORMATION
PROTEINS

Utibe R. Buckram-Wright, Brandon J. Wright, Jackson B. Meyer,
Timothy P. Yoshino

University of Wisconsin, Madison, WI, United States

The Biomphalaria glabrata embryonic (Bge) cell line was derived from

the freshwater snail B. glabrata, an intermediate host for Schistosoma
mansoni, a causative agent of intestinal schistosomiasis. Bge cells share
characteristics with hemocytes, the immune effector cells of B. glabrata
snails, and therefore, were used as an in vitro model for the study of

host cell-larval parasite interactions. This study employed the whole-cell
patch clamping technique to identify the major ion channel channels in
the cell’s plasma membrane and to explore their possible role in host-
parasite interactions. Bge cells were exposed to pH gradients that resulted
in changes in proton channel current. Exposure to Zn%*, a potent proton
channel blocker, reduced response amplitude in Bge cells by 3-fold, further
supporting the presence of proton channel activity. A series of voltage
steps (-70 mV to 20 mV) applied to Bge cells evoked current responses
that were significantly enhanced by S. mansoni larval transformation
proteins (LTP), indicating an LTP-modulation of these channels. Since
proton channels can play a role in the production of reactive oxygen
species (ROS) in mammalian immune cells, we tested this function in

Bge cells. Using the fluorescent probe 2',7’-dichlorofluorescein-diacetate
(DCFH-DA) to detect intracellular ROS, we found that cells generated

an ROS response that was significantly reduced by Zn?*, indicating the
involvement of proton channels in ROS production. LTP had no significant
effect on ROS production suggesting that LTP-induced flux increases
through proton channels may not extend to its modulation of the oxidative
response. Lastly, immunofluorescence analyses of Bge cells and B. glabrata
hemocytes revealed the expression of a HVCN1-like proton channel
demonstrating that B. glabrata hemocytes also express a proton channel
that may mediate ROS production. Thus, this channel could be important
for the killing of larval S. mansoni by hemocytes of resistant B. glabrata
snail strains.

CHARACTERIZATION AND FUNCTIONAL STUDIES OF SERINE/
THREONINE PROTEIN PHOSPHATASE 1 (PP1) ENCODING
GENES FROM SCHISTOSOMA JAPONICUM

Min Hu, Lu Zhao, Xin He, Junlong Zhao, Qing Ye
Huazhong Agricultural University, Wuhan, China

Serine/threonine protein phosphatase1 (PP1) play a wide range of
physiological roles including cell cycle regulation, glycogen metabolism,
contractility, morphogenesis and spermatogenesis. However, little is
known about the functions of PPs in the reproductive biological processes
of schistosomes. In the present study, three PP1 genes were identified

in Schistosoma japonicum. The sequence alignments and phylogenetic
analyses showed that three PP1 proteins (Sj-PP1-1, Sj-PP1-2 and Sj-PP1-3)
belong to PP1 beta, PP1 gamma and PP1 alpha subfamily, respectively.
RT-PCR analysis revealed that three PP1 genes were all transcribed in both
sexes and throughout development. In-situ hybridization indicated that
Sj-pp1 were predominantly expressed in gonad related organs such as

the testis of male, the ovary and vitellarium of female as well as ootype
surrounding area. RNA interference with combined three Sj-PP1 dsRNAs by
soaking for 7d caused stunted growth of female and male worms. CLSM
observation found distinct morphological changes in Sj-PP1 dsRNA treated
female worms with significantly smaller ovaries which were dominantly
occupied by immature oocytes and low maturity of vitellarium surrounding
by immature vitelline cells. In addition, no significant changes were
observed on males treated for 7d, except for a reduced diameter of the
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testicular lobes accompanied by a reduction of cell density in testes and
empty seminal vesicles with prolonged RNAIi by 12d. Edu corporation assay
detected evident decrease of cellular mitosis activities in ovary, vitellarium
of females and testis and parenchyma of males. With extension of RNAI
process, remarkable reduction in egg production were observed and
serious interference on paring behavior was found between female and
male. These findings suggested that PP1 may function in developmental
and reproductive processes of Schistosoma japonicum.

INTERACTIONS BETWEEN HOST IMMUNE STATUS AND
PARASITE METABOLIC ACTIVITY IN SCHISTOSOMA
MANSONI

Kasandra S. Hunter, Ellen Fox, Stephen J. Davies

Uniformed Services University of the Health Sciences, Bethesda, MD,
United States

Schistosomes are obligate parasites that lack genes required for the
synthesis of many lipids (i.e. cholesterol and long-chain fatty acids), and
therefore rely solely on the mammalian host to supply these essential
molecules. Lipid acquisition appears to be particularly important for
female schistosome reproductive activity. Here we show that lipid is
specifically concentrated in the ovary of the female parasite. Interestingly,
reproductively inactive females, in both unisexual infections and
immunodeficient hosts, exhibit reduced accumulation of lipid in the
ovary, underlining the connection between lipid metabolism and parasite
reproduction. Coincident with these changes in lipid accumulation,
schistosomes from immune competent and immunodeficient hosts

also exhibit alterations in ATP metabolism. At 6 weeks post-infection,
schistosomes isolated from immunodeficient animals have significantly
higher ATP content than those isolated from immune competent animals.
However, at 8 weeks post-infection the situation is reversed, with
schistosomes isolated from immunodeficient animals having significantly
lower ATP content than those isolated from immune competent animals.
These findings suggest that parasites in immunodeficient hosts are unable
to synthesize sufficient ATP once egg production is underway. To explore
the molecular pathways connecting parasite lipid acquisition, energy
metabolism, and reproduction, we are characterizing the parasite [nTOR]
and [AMPK] signaling pathways to assess their status in these different
developmental states. These findings suggest that a link between host
immune status and parasite energy metabolism is an important aspect of
the host-schistosome relationship.

DUAL RNA-SEQ RESPONSES OF FIELD-DERIVED SPECIMENS
OF THE AFRICAN SNAIL BIOMPHALARIA PFEIFFERI TO
INFECTION WITH THE HUMAN PARASITE, SCHISTOSOMA
MANSONI PROVIDE INSIGHT INTO HOST-PARASITE
RELATIONSHIPS AND REPRODUCTIVE IMPLICATIONS OF
PARASITISM

Sarah K. Buddenborg’, Lijing Bu', Si-Ming Zhang', Gerald M.
Mkoji2, Eric S. Loker!

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

Biomphalaria pfeifferi exhibits extraordinary compatibility with Schistosoma
mansoni and likely transmits more cases of this parasite to people than
any other snail species. Ironically, we know relatively little at the molecular
level regarding the interactions of B. pfeifferi and S. mansoni from early-
stage sporocyst transformation to the development of cercariae. To

redress this shortcoming, using field-derived west Kenyan representative
of schistosomes and snails, we have undertaken dual RNA-seq of three
intramolluscan developmental stages (1- and 3-days post exposure and
cercariae producing infections). Parasite sequences were first separated

by screening against the S. mansoni genome. Then, a de novo B. pfeifferi
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transcriptome was assembled from over a half billion non-S. mansoni
paired-end reads. Transcripts were annotated using protein and nucleotide
databases, including the B. glabrata genome database. Snail reproductive
inhibitory peptides like ovipostatin and developmentally regulated
albumen gland protein were up-regulated in shedding snails, suggesting
that host castration is not merely a passive response to diminished energy
supplies. The lack of expression of snail sex pheromones may be related
to the strong self-fertilizing preferences of B. pfeifferi. Fibrinogen-related
proteins (FREPs) showed complex patterns of responses. Distinctive profiles
of expressed S. mansoni features were seen, including up-regulation of
defense and stress response proteins. Five S. mansoni venom allergen-like
proteins, known for host immunomodulatory functions, were highly up-
regulated in shedding snails. These field-derived snails harbored several
notable symbionts including Capsaspora owczarzaki, microsporidians,
Perkinsus-like protists, and ectosymbionts like Trichodina and
Chaetogaster. Our database provides unique insights into schistosome-
snail interactions taking place in a natural transmission focus, potentially
including candidate molecules amenable to manipulation to facilitate new
control approaches targeting the ability of larval schistosomes to succeed
in their snail hosts.

SEX-BIASING GENE DRIVE TO ELIMINATE SCHISTOSOMES: A
PROPOSAL

Sergey lordanskiy', Kevin M. Esvelt?, Paul J. Brindley"

'The George Washington University, Washington, DC, United States, °MIT
Media Lab, Massachusetts Institute of Technology, Cambridge, MA, United
States

Sex-biasing gene drives ensure that nearly all offspring are of one sex in
order to progressively reduce the reproductive potential of the population.
One strategy confers a fitness advantage to a sex chromosome by
shredding the “opposing” sex chromosome during meiosis such that

the driving chromosome is preferentially inherited by offspring. We
propose a population suppression drive intended to locally or globally
eradicate the schistosomes. Draft versions of the genome sequences of
Schistosoma mansoni, which causes hepato-intestinal schistosomiasis, and
S. haematobium, the cause of urogenital schistosomiasis, are available.
Because the genetics and chromosomal architecture of S. mansoni are
better understood, we are focusing on S. mansoni and will follow with

S. haematobium once comparable information is available. We propose
to deploy CRISPR/Cas9- and pseudotyped retrovirus—based techniques

to introduce the gene drive components into the schistosome germ line.
Schistosomes are a ZW species; females are ZW, males ZZ. The Z and W are
largely homologous, but there are unique regions of both. It is therefore
feasible to make a female-biasing ‘Z-shredder” and a male-biasing
‘W-shredder’. From a fitness perspective the Z-encoded W-shredder may
be superior because it can also act as a conventional drive in ZZ males.
That is, in ZW females it will shred the W, thereby ensuring that offspring
inherit the driving Z chromosome and are consequently male, but will also
copy itself from the driving Z to the wild-type Z in heterozygous males.
Both activities are advantageous and should consequently be evolutionarily
favored over time, albeit opposed by any unlikely suppressors that might
evolve on the W or autosome. The gene encoding ribosomal protein

S4 resides on Z, is single copy, and is expected to be critical for survival,
while numerous repeats on the W are suitable for evolutionarily stable
shredding. We are assaying components for building drive systems and
are optimistically assembling and testing a W-shredder rps4 drive; and as a
safeguard, an immunizing reversal rpS4 drive. Our proposal, approach and
preliminary findings will be discussed.

ADVANCING WATER TREATMENT FOR RESOURCE RECOVERY
TO ENHANCE DISEASE MITIGATION

Elysse Noel Grossi-Soyster, A. Desiree LaBeaud
Stanford University School of Medicine, Stanford, CA, United States

Despite being a fundamental resource required for the sustainment of
life, water plays an integral part in the lifecycle and transmission of many
pathogens, including bacteria, viruses, and parasites. This dichotomy
presents an increased risk of exposure to a wide range of pathogens

for humans and animals living in regions without regular access to

clean water and waste processing systems, such as flush toilets. A large
number of the technologies that have been designed solely for water

and waste treatment fail in the field because they are not economically
viable, whether through initial costs or long-term maintenance, or they
have not been designed to withstand the unique environmental or
cultural challenges presented by differing regions of application. In order
to eliminate water as a reservoir for disease transmission, technologies
designed for water treatment need to provide effective filtration or
sterilization while allowing for the recovery of valuable resources. Examples
of such resources may include, but are not limited to fertilizer, harvestable
energy, and chemical components that may lead to the production of
larger commodities. By providing waste and/or water treatment to reduce
the transmission of disease while recovering harvestable products, the
cost of initial construction and maintenance on such systems can me
offset by the sustainability of the system and the potential for economic
stimulation through the creation of technical maintenance jobs and new
trade industries. This study will review a number of currently available
technologies, describe the advantages and challenges for each technology,
and discuss the potential for adaptation for use in resource-limited
environments.

PREVALENCE OF SOIL TRANSMITTED HELMINTHS IN WATER,
SANITATION AND HYGIENE (WASH) SUPPORTED AND NON-
SUPPORTED SCHOOLS IN OGUN STATE, NIGERIA

Hammed O. Mogaji', Gabriel A. Dedeke’, Jaiyeola O. Omotola’,
Quudus A. Yussuf?, Hakeem A. Yussuf?, Dorcas O. Adeaga?,
Johnson E. Monday*, Uwem F. Ekpo'

'Federal University of Agriculture Abeokuta, Abeokuta, Nigeria, °Ogun
State Ministry of Health, Oke Imosan, Abeokuta, Nigeria, *Rural Water
Supply and Sanitation Agency, Ogun State, Abeokuta, Nigeria, “UNICEF,
Abuja, Nigeria

Water, Sanitation, and Hygiene (WASH) interventions have been
advocated as a complementary tool in the control of soil-transmitted
helminths (STH) infection. We therefore assessed the prevalence of STH

in WASH supported and non-supported schools in Odeda, a rural local
government area of Ogun state, Nigeria. Eight schools were randomly
selected across the study area; three WASH supported (S-schools) and five
non-supported schools (NS-schools). Stool samples were collected from
428 pupils and screened for STH infection, followed by an assessment of
school-based WASH resource using WHO recommended guide. Results
showed significant differences (p < 0.05) in the provision of safe water and
environmental hygiene for S-schools (100% and 73.3%) and NS-schools
(16% and 26.9%) respectively. There exist no significant differences (p >
0.05) in the sanitation condition between S-schools (44.4%) compared to
NS-schools (20.0%). Overall prevalence of STH infection was 33.4%, while
specific prevalence of 26.2% was recorded for Hookworm, 18.2% for
Ascaris lumbricoides and 1.6% for Trichuris trichiura. STH Prevalence were
significantly lower (p<0.05) in S-schools (27.4%) compared to NS-schools
(37.5%). Mean intensities of hookworm and Trichuris trichiura infections
were higher in NS-schools than S-schools (0.6097epg and 0.4247epg for
hookworm) and (0.1193epg and 0.0epg for Trichuris trichiura) respectively.
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This study provides evidences that WASH interventions have the potentials
of reducing intestinal helminthiasis burden in public primary schools and
should be scaled up to include more public schools in the state.

WATER SUPPLY AND SANITATION CONDITIONS IN RURAL
SOUTHERN MOZAMBIQUE AND ITS AS SOCIATION WITH
MORBIDITY AND MORTALITY INDICATORS DURING 2012-
2015

Berta Grau-Pujol', Augusto Nhabomba?, Llorenc Quinté?, Aina
Casellas3, Carme Subira3, Charfudin Sacoor?, Ricard Gine*, Jose
Munoz?

'Institut de Salut Global de Barcelona (ISGlobal)/Centro de Investigacao
em Saude da Manhica (CISM)/Fundacion Mundo Sano, Vila de Manhica,
Mozambique, *Centro de Investigacao em Saude da Manhica (CISM),
Vila de Manhica, Mozambique, 3Institut de Salut Global de Barcelona
(ISGlobal), Barcelona, Spain, “Universitat Politecnica de Catalunya (UPC),
Barcelona, Spain

Water, sanitation and hygiene (WASH) are major health determinants,
with an estimated total disease burden of 5.7% occurring worldwide.The
situation of access to safe water and sanitation facilities and its impact
on morbidity and mortality in southern Mozambique remains unknown.
The aim of this study is to describe the current situation of safe water
supply and sanitation facilities in the Manhica Health Research Centre
(CISM) study area and evaluate its association with several morbidity and
mortality indicators. We conducted a retrospective cohort study with
61,900 children living in the center study area followed up until 15 years
of age during the period 2012-2015. Water and sanitation household
data was obtained from the CISM demographic surveillance system

in Manhica district, an area of around 2,380km2. Clinical data for all
children under 15 was obtained from CISM round-the-clock morbidity
surveillance system covering pediatric outpatient and hospital admission
at the Manhica District Hospital and rural health posts. A negative
binomial regression model using Wald test was performed to assess the
incidence rate ratio for every morbi-mortality indicator. Preliminary data
showed that 86% of the children lived at least once in a household with
unimproved sanitation facilities, 27% with unimproved water source

and 77% with the main water source located outside the household
during 2012-2015.Unexpectedly, the incidence rate ratios to develop
diarrhea for children using unimproved sanitation and water facilities were
significantly protective. Only the use of rivers and lakes as water sources
significantly increased the children’s rate to develop diarrhea by 20%.
Other morbidity indicators (malnutrition, parasitemia, anemia) did show
a rate increase with the use of unimproved water and sanitation facilities.
Spatial distribution and clustering for the water, sanitation and morbidity
variables will be also analyzed.The possible explanation of the findings will
be discussed.This analysis will help to plan evidence-based interventions
to improve access to safe drinking water and sanitation in rural southern
Mozambique.

ASSOCIATION OF HOUSEHOLD, COMMUNITY AND SCHOOL
SANITATION WITH HOOKWORM INFECTIONS AMONG
SCHOOL-AGED CHILDREN IN KWALE COUNTY, KENYA

William E. Oswald’, Katherine E. Halliday', Carlos Mcharo?, Paul
M. Gichuki3, Stefan Witek-McManus', Elizabeth Allen’, Sammy
Njenga?, Charles Mwandawiro?, Roy Anderson“, Rachel Pullan’

'London School of Hygiene & Tropical Medicine, London, United Kingdom,
2Evidence Action, Nairobi, Kenya, *Eastern and Southern Africa Centre of
International Parasite Control, Kenya Medical Research Institute, Nairobi,
Kenya, “Centre for Neglected Tropical Disease Research, School of Public
Health, St. Mary’s Campus, Imperial College, London, United Kingdom

Most of our understanding of the association between sanitation and
STH infection is focused separately on schools and households, and few
studies simultaneously assess the relative importance of sanitation in

the household, wider community, and schools. Yet, understanding the
relative impact of sanitation on STH transmission between these domains
is necessary to target disease control interventions for greatest impact.
Here we investigate associations and interactions between hookworm
infection and household, community, and school sanitation among
children aged 5-14 in Kwale County, Kenya. Data were collected during

a cross-sectional parasitological survey between March-May 2015 as

the baseline for the TUMIKIA study. Data were available from 22,864
households randomly selected across the county using a two-stage
sampling design. In each household, one member was randomly selected
and invited to provide a stool sample. Sanitation was assessed using
structured observations and questionnaires. Sanitation conditions for
every school in Kwale County were assessed during a survey in June 2015.
Records from school and household surveys were linked for each child.
Generalized linear mixed models were used to estimate the association
between measures of household, community, and school sanitation

with presence and intensity of hookworm infection. In total, the analysis
included 5,251 school-aged children in 841 villages. Overall hookworm
infection prevalence was 17.4% (16.4--18.4%), while mean intensity was
156.2 epg (141.4--172.6). Household sanitation coverage was estimated,
as the proportion of households with reported access to a toilet, to be
49.2% (47.9--50.6%), and village sanitation coverage had an IQR of 25.0-
-78.4%. Multilevel analysis revealed associations across various domains,
highlighting important areas of exposure for school-aged children in
endemic communities. This study contributes further to our understanding
of the impact of sanitation on hookworm infection in respective domains,
and provides insight into effective targeting of programs to maximize
reductions in hookworm infection.

THE DRIVERS OF THE CHOLERA EPIDEMIC IN BAUCH],
NORTHEAST NIGERIA 2014

Hannatu Janada Dimas’, Patrick Nguku', Charles Akatobi
Akatobi?, Olufemi Ajumobi?

"Nigeria Field Epidemiology and Laboratory Training Programme, Abuja,
Nigeria, ?African Field Epidemiology Network (AFENET), Abuja, Nigeria,
3National Malaria Elimination Programme, Abuja, Nigeria

On 19th February, 2014, the Nigerian Federal Ministry of Health (MOH)
was alerted of an ongoing outbreak of cholera in Bauchi State, Nigeria.
The State has experienced repeated cholera outbreaks almost yearly with
the 2010 outbreak, recording one of the highest case burdens among the
states in Nigeria. We investigated the outbreak to assess the magnitude
of the outbreak and identify risk factors for transmission. We collected
the line-list from the State MOH and conducted a case-control study. We
collected data on demographic characteristics, hygienic practices, and
on food and water consumption using a structured questionnaire. We
identified 2998 cases among the 1,444,393 residents of the 4 affected
Local Government areas. Overall attack rate and case fatality rate were
0.21% and 0.77% respectively. Among the 248 case-control study
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participants, 113 (45.6%) were female and 135 (54.4%) were male.
There were 124 cases and 124 controls. Compared to controls, cases were
more likely to have been exposed to diarrhoea case (OR:6.72, 95% Cl
3.87-11.75), live as an Islamic Mendicant ‘almajiri’ (OR:5.22, 95%CI 1.94
- 14.78), not wash hands with soap after toileting (OR:4.71, 2.59 - 8.62),
not wash hands before eating (OR:3.82, 95%Cl 1.13 - 14.20), be <25
years (OR:3.32, 95%CI 1.97 - 5.60), drink street vended locally processed
cereal drink ‘kunu zaki’ and custard ‘koko’ (OR:3.28, 95%CI| 1.15 - 9.31)
and (OR:2.91, 95%CI 1.10-7.71) respectively. In conclusion, 'Almajiris’
were found to be key players boosting the epidemic and consumption

of food from street vendors was a major risk factor for the spread of the
disease. Sanitary inspection officers should mobilize the 'Almajiris’ to
maintain clean environment around them and food hygiene. The health
department should train hawkers of foods on the street on personal and
food hygiene.

PREVALENCE OF ROTAVIRUS INFECTION OVER TIME IN
RURAL, COASTAL ECUADOR

Alicia N. Kraay, Joseph N. Eisenberg
University of Michigan Ann Arbor, Ann Arbor, MI, United States

Rotavirus is a key cause of diarrheal disease in the developing world.
However, patterns of infection over time have not been well characterized.
Using 10 years of population based case-control data from rural coastal
Ecuador, we investigate the prevalence of rotavirus infection over time and
differences by subgroup in a region that has been experiencing continuous
road construction. The prevalence of rotavirus infection has steadily
declined over time from 7.0% in 2003 to 1.3% in 2012. This decrease
was 3.4 times faster for symptomatic infection (rates of 1.3% and .4%
respectively). Rotavirus infection was highest among individuals under age
5 (0OR=3.19, 95% Cl: 2.58, 3.94) but all age groups except children under
1 year of age exhibited decreases in prevalence of infection over time.

In contrast, younger children showed patterns characteristic of a long
epidemic, with a peak infection risk of 16.7%. Despite their higher levels
of exposure, household and community controls had similar prevalence

of infection (p=.82), suggesting that community interactions may be
important for transmitting asymptomatic rotavirus infection in our study
region.

A RANDOMIZED CONTROLLED TRIAL OF A HOSPITAL-BASED
HANDWASHING WITH SOAP AND WATER TREATMENT
INTERVENTION (CHOBI7) TO REDUCE CHOLERA AMONG
HOUSEHOLD CONTACTS OF CHOLERA

Christine Marie George’, Shirajum Monira?, David A. Sack?,
Mahamud-ur Rashid?, K.m. Saif-Ur-Rahman?, Toslim Mahmud?,
Zillur Rahmanz?, Munshi Mustafiz?, Sazzadul Islam Bhuyian?, Peter
J. Winch', Elli Leontsini’, Jamie Perin’, Farzana Begum?, Fatema
Zohura?, Shwapon Biswas?, Tahmina Parvin?, Xiaotong Zhang’,
Danielle Jung', Danielle Jung', R. Bradley Sack’, R. Bradley Sack?,
Munirul Alam?2

"Johns Hopkins University, Baltimore, MDD, United States, ?International
Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

Household contacts of cholera patients are at a 100 times higher risk of
developing a cholera infection than the general population during the
week post-presentation of the index patient at the hospital. In an effort

to initiate a standard of care for highly susceptible household contacts of
cholera patients, we developed a hospital-based handwashing with soap
and water treatment intervention entitled CHoBI7(Cholera-Hospital-Based-
Intervention-for-7-days). The CHoBI7 intervention includes: (1) a cholera
prevention package containing chlorine tablets for water treatment,

soapy water bottles, a handwashing station, and a sealed water vessel
with cover to ensure safe water storage, and (2) a pictorial (“Chobi"” in
Bangla) module on handwashing with soap and water treatment delivered

by a health promoter through hospital and home visits during the week
post-presentation of the index cholera patient at the hospital. The efficacy
of the CHoBI7 intervention was evaluated by conducting a randomized
controlled trial of 219 intervention household contacts of cholera

patients and 220 control contacts of patients in Dhaka, Bangladesh. Case
households were followed over a one week period at 5 timepoints for
clinical and environmental surveillance which included collection of rectal
swab and source and stored water samples to test for the presence of
Vibrio cholerae by bacterial culture. Five hour structured observation was
also conducted to assess handwashing practices. Compared to control
contacts, intervention contacts had a significant reduction in symptomatic
cholera infections (OR: 0.00 (95% ClI: 0, 0.623)), and a 47% reduction

in overall cholera infections (OR: 0.50 (95% Cl: 0.21, 1.18). Intervention
households had no stored drinking water with detectable Vibrio cholerae,
and a 14 times higher odds of handwashing with soap at key events

than control households during the intervention period (OR: 14.68

(95% Cl:8.32, 25.90)). In conclusion, the CHoBI7 intervention presents

a promising approach for cholera control among highly susceptible
household contacts of cholera patients.

THE ASSOCIATION BETWEEN HEAVY RAINFALL EVENTS
AND DIARRHEAL DISEASE: THE INFLUENCE OF URBAN AND
RURAL GEOGRAPHY

Aniruddha Deshpande, Howard H. Chang, Karen Levy
Emory University, Atlanta, GA, United States

Climate change is expected to have downstream impacts on health
outcomes in the 21st century. Changes in precipitation are expected
with greater contrasts between wet and dry periods and increase in
extreme weather events. Heavy rainfall events (HRE) have been shown

to be associated with diarrheal disease. Diarrheal disease remains an
important cause of mortality amongst children under five years of age
with causing over 700,000 deaths per year and is associated with long
term health outcomes such as stunting. Differences in urban and rural
settings could play an important role in driving the relationship between
precipitation and diarrhea due to underlying differences in infrastructure
and social factors. The study aims to analyze the role of urban and rural
contexts in affecting the relationship between HRE and diarrheal disease.
Mixed effects Poisson regression was conducted on daily case counts

of diarrhea in all public hospitals and clinics from all 68 parishes in the
Esmeraldas province in northwestern coastal Ecuador across 2013-14
with heavy rainfall estimates and antecedent conditions lagged up to

14 days. Average daily rainfall estimates from the TRMM 3B42 platform
were used to define heavy rainfall events as daily rainfall higher than the
90th percentile and antecedent conditions as wet or dry depending on 8
week total rainfall being in the highest or lowest tertile for the respective
parish. In rural areas, there was a protective effect of HRE on daily case
counts of diarrhea during the wet season whereas a positive association
was observed in the dry season. In urban areas there was no protective
effect observed and the expected counts of diarrhea were higher in all
environmental conditions analyzed when compared to rural areas in the
wet season. Factors associated with urbanization, such as crowding or
infrastructure, seem to dominate over climate related factors. Despite this,
dry conditions appear to be highly associated with increased diarrhea in
all areas. Further work is needed to elucidate the mechanistic structure of
what factors are driving the differences between urban and rural areas in
how rainfall is associated with diarrhea.
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MULTI-SECTORAL COLLABORATION BETWEEN THE NTD AND
WASH SECTORS: EXPERIENCE FROM UGANDA

Angelia Sanders', Edridah Tukahebwa?, Peace Habomugisha?,
Patrick Turaguma?, E. Kelly Callahan'

"The Carter Center, Atlanta, GA, United States, 2Uganda Ministry of
Health, Kampala, Uganda, *The Carter Center, Kampala, Uganda

In order to eliminate blinding trachoma all components of the SAFE
strategy (Surgery, Antibiotic, Facial cleanliness and Environmental
improvement) must be in place; however, the F & E components are often
given less attention and financial resources. Many national programs

are eager to implement F & E activities but do not know where or how
to start. In Uganda, the Ministry of Health (MOH), in partnership with

the Ministry of Water and Environment, Ministry of Education and
Sports, various Water, Sanitation and Hygiene (WASH) and trachoma
organizations came together to develop a comprehensive F & E plan.

This process involved conducting an F & E situational analysis, organizing
multiple multi-sectoral meetings and reaching a consensus on program
priorities. Ultimately, four main activities were identified: 1) integration

of face washing and trachoma messages into existing WASH strategies
and activities in trachoma endemic regions; 2) revision and dissemination
of school sanitation guidelines; 3) revision and dissemination of national
sanitation guidelines; and 4) development of a Social and Behavior
Change Communication (SBCC) strategy to be used as part of mass
media campaigns. A review committee composed of representatives from
different government ministries and organizations evaluated different
WASH organization’s proposals and selected the best proposal for each
activity. As of December 2015, three WASH/SBCC organizations have
been working successfully to achieve the above four objectives. In addition
to the F & E activities identified, there has been an increase in cross-
collaboration between the MOH and WASH partners through the sharing
of data and participation in relevant stakeholder technical meetings

such as the Uganda National Sanitation Working Group and the Uganda
Neglected Tropical Disease Technical Committee. The Uganda Trachoma
Control Program provides an excellent example of what can be achieved
when different government, public health and WASH sectors collaborate
towards a common goal.

BURDEN OF DISEASE ATTRIBUTED TO WATER-BORNE
TRANSMISSION OF SELECTED GASTROINTESTINAL
PATHOGENS, AUSTRALIA 2010

Katherine B. Gibney, Joanne O'Toole, Martha Sinclair, Karin
Leder

Monash University, Melbourne, Australia

Water is an important source of infectious diseases transmission,

however the burden of water-borne disease is not well characterized.

We have previously published estimates of the burden of disease caused
by Campylobacteriosis, non-typhoidal salmonellosis, cryptosporidiosis,
giardiasis, and norovirus in Australia in 2010 using number of cases,
number of deaths and disability adjusted life years (DALYs). Post-infectious
sequelae were included in DALY estimates for Campylobacteriosis (irritable
bowel syndrome [IBS], reactive arthritis [ReA] and Guillain-Barré syndrome])
and salmonellosis (IBS and ReA). Here we have applied regional WHO
estimates of the pathogen-specific proportion of cases attributable to
water-borne transmission in 2010 (point estimates and 95% uncertainly
intervals [Ul]) to our published point estimates of overall disease burden
for these pathogens. The WHO estimates for the Western Pacific Region
Stratum A (WPR A) included Australia, Brunei, Japan, New Zealand and
Singapore. The proportion of cases attributed to water-borne transmission
ranged from 0.01 [95%Ul 0.00-0.22] for salmonellosis to 0.39 [95%UI
0.03-0.72] for cryptosporidiosis. Norovirus had the greatest number of
water-borne cases (479,632 [95%UI 0-1,111,874]) followed by giardiasis
(178,275 [95%Ul 6,147-418,023]) and Campylobacteriosis (85,140
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[95%Ul 0-247,681]). Deaths were attributed to water-borne transmission
of Campylobacteriosis (six [95%Ul 0-17]), norovirus (four [95%UI 0-9]),
and salmonellosis (one [95%Ul 0-20]). The water-borne DALY burden
was greatest for Campylobacteriosis (2,004 [95%UIl 0-5,831]), giardiasis
(280 [95%UI 10-658]) and norovirus (244 [95%Ul 0-566]). Attribution
was made at the point of human exposure and disease caused by food
contaminated through exposure to dirty water was not attributed to
water-borne transmission. Therefore, improvements in water quality has
potential to lessen the burden of both water- and food-borne disease.
These data can inform Australian guidelines relating to water used for
drinking, food production and recreation.

DETECTING AND ENUMERATING SOIL-TRANSMITTED
HELMINTH EGGS IN SOIL: NEW METHOD DEVELOPMENT
AND RESULTS FROM FIELD TESTING IN BANGLADESH AND
KENYA

Lauren Steinbaum’, Laura Kwong', Ayse Ercumen?, Makeda
S. Negash?, Amira J. Lovely?, Sammy M. Njenga?, Alexandria B.
Boehm', Amy J. Pickering', Kara L. Nelson?

'Stanford University, Stanford, CA, United States, 2University of California
Berkeley, Berkeley, CA, United States, *Kenya Medical Research Institute
(KEMRY), Nairobi, Kenya

Globally, about 1.5 billion people are infected with at least one species of
soil-transmitted helminth (STH). Soil is a critical environmental reservoir of
STH, yet there is no standard method for detecting STH eggs in soil. We
developed a field method for enumerating STH eggs in soil and tested it
in Bangladesh and Kenya. We optimized a method, based on a US EPA
method for enumerating Ascaris in biosolids, through a series of recovery
efficiency experiments; we seeded soil samples with a known number of
Ascaris suum eggs and assessed the effect of protocol modifications on
egg recovery. We found the recovery efficiency increased when we used
1% 7X as a surfactant compared to 0.1% Tween 80 and two centrifuge
flotation steps compared to one. Other protocol modifications, such as
sample mixing and sedimentation time, did not impact recovery efficiency.
Soil type affected the egg recovery efficiency; sandy samples resulted in
higher recovery efficiency compared to loamy samples processed using the
same method. We documented a recovery efficiency of 73% for the final
optimized method. Soil samples from 100 households in Bangladesh and
100 households in Kenya were processed with the optimized method from
June to November 2015. Field staff collected soil samples from the surface
layer of soil directly adjacent to the doorway of the house entrance.

Both the prevalence and concentration of STH eggs in soil was higher in
Bangladesh than in Kenya. In our field tests, we found the prevalence

of any STH egg in soil was 78% in Bangladesh and 37% in Kenya. In
Bangladesh and Kenya, Ascaris was the most common STH (67 % and

22 %) followed by Trichuris (36% and 21%). We did not detect hookworm
eggs in either country, suggesting the method may not be appropriate for
hookworm enumeration. The median concentration of STH eggs in soil in
positive samples was 0.64 eggs/g dry soil in Bangladesh and 0.15 eggs/g
dry soil in Kenya. The proportion of STH eggs determined to be viable
was similar in both countries (85.7% in Bangladesh and 83.6% in Kenya).
This new method is feasible for detecting STH eggs in soil in low-resource
settings and could be a key tool for standardizing soil STH detection
globally.
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EVALUATING BEHAVIOR CHANGE IN SINGLE AND COMBINED
INTERVENTIONS OF A LARGE-SCALE WATER, SANITATION,
HYGIENE AND NUTRITION INTERVENTION TRIAL (WASH
BENEFITS), IN RURAL BANGLADESH

Sarker Masud Parvez’, Rashidul Azad', Md. Mahbubur Rahman',
Leanne Unicomb’, Pavani K. Ram?, Abu Mohd Naser3, Christine P.
Stewart*, Musarrat J. Rahman’, Kaniz Jannat', Elli Leonstini®, Peter
Winchs, Stephen P. Luby®

'International Centre for Diarrhoeal Disease Research, Bangladesh,
Dhaka, Bangladesh, “Department of Epidemiology and Environmental
Health, University of Buffalo, Buffalo, NY, United States, *Department of
Environmental Health Sciences, Emory University, Rollins School of Public
Health, Atlanta, GA, United States, “University of California Davis, Davis,
CA, United States, °Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, United States, °Stanford University, Stanford, CA, United
States

Promoting multiple behavioral interventions together risks limiting
sustained adoption of the individual behaviors. WASH Benefits, a large
scale efficacy trial, randomly allocated 720 clusters of 5551 pregnant
women to a control group, single interventions (water [W], sanitation

[S], handwashing [H], nutrition [N]), or combined interventions (WSH and
WSHN). Enabling hardware and behavior change was promoted by trained
local community health promoters through periodic household visits. In
samples of intervention households, we conducted monthly observations
beginning 3 months after initiation of the intervention, starting November
2012 to October 2014, to monitor intervention uptake. We analyzed

and compared uptake among households receiving single (W, S, H or N)
versus combined (WSH & WSHN) interventions. Observed dual pit latrine
uptake did not differ significantly among the arms (S: 70%, WSH: 70%,
WSHN: 72%; p>0.05). A slightly higher proportion of of households

in the single handwashing arm (93%) had water and soap present at

the handwashing station near the latrine, compared to the combined
intervention arms (WSH: 85%, WSHN: 87%; p<0.01). Detectable residual
chlorine in stored water was somewhat higher in households receiving the
single water intervention (76 %) than combined interventions (WSH: 68%,
WSHN: 67%; p<0.05). Among households who received the nutrition
intervention, report of feeding lipid-based nutrient supplementation

(LNS) to the child (6-24 months) was similar across the arms (N & WSHN:
84%; p>0.05). Rigorous implementation of interventions deployed

at large scale achieved high levels of uptake in single and combined
intervention arms. However, we found somewhat lower uptake of fully
stocking handwashing stations and treating water among households
receiving combined interventions compared to households receiving single
intervention; uptake differences were small. High uptake of large scale
combined WASH and WASHN interventions is possible in the context of an
efficacy trial, though further work should assess their effectiveness under
programmatic conditions.

WHO CAN AFFORD GPS POINTS? SCALING A VILLAGE-LEVEL
WATER ACCESS INFORMATION SYSTEM IN RURAL ZAMBIA

Laurie Markle’, Amy Tiwari', Alexandra Hoehne?, Abel Manangi,
Engervell Musonda?®, Oswell Katooka?, Rabson Zimba', lllenga
Nhkata', Nicolas Osbert?, Anna M. Winters', Benjamin Winters?,
David Larsen'

"Akros, Lusaka, Zambia, 2UNICEF Zambia, Lusaka, Zambia, *Ministry of
Local Government and Housing, Lusaka, Zambia

An ideal information system for monitoring a country’s water system
incorporates geocoordinates for all improved water points. However,

the generation and maintenance of such an information system is
extremely expensive in terms of both finances and human power.
Furthermore, a database of geo-located water points alone is insufficient

to determine water access of the population — the database must be
matched to a population database to determine access. The Ministry

of Local Government and Housing (MLGH) leveraged an established
mobile-to-web information system of village-level access to sanitation

to monitor village-level access to improved water points. The addition

of 4 separate data elements allowed for the creation of two indicators:
the percent village access of improved water and villages with improved
water points that are not functioning. Using District Health Information
System (DHIS2), we have seen large disparity in village-level water access
within districts and have been able to utilize the information system to
direct borehole drilling operations to areas most in need. Furthermore,
the approximate geolocation of the water point is being made available
through village geo-coordinates. Zambia is now scaling village-level water
access monitoring to all rural districts. In addition to demonstrating the
power of monitoring water access, we discuss challenges, solutions and
opportunities in developing and sustaining nationwide village-level water
access monitoring in Zambia.

QUANTIFYING THE ROLE OF FAILING WATER AND
SANITATION INFRASTRUCTURE ON HEALTH, HEALTHCARE
COSTS AND SOCIETAL WELLBEING DURING VARYING
DISASTER SCENARIOS

Alejandro Cravioto!, Warren Stevens', Edward J. Mills?, Jamie I.
Forrest?, Aranka Anema?, Tracey Koehlmoos*

'Precision Global Health, Seattle, WA, United States, ?Precision Global
Health, Vancouver, BC, Canada, *Epidemico, Boston, MA, United States,
“Uniformed Services University of the Health Sciences, Bethesda, MD,
United States

The United Nations Office for Disaster Risk Reduction (UNISDR) estimates
that 100 million people are affected by disasters annually, while climate
change remains the biggest global health threat of the 21st century. The
relationship between climactic variation, environment and zoonotic and
vector-borne diseases is well established. A mounting body of evidence
further suggests that climate change poses a significant threat to food
security, and to microbial, chemical and physical food and water safety.
Climate-related food-borne illnesses are predicted to disproportionately
affect poor, elderly and young populations, and to be pronounced in low
resource settings, where public health infrastructure and human resource
capacity is limited or fragile. We created a series of models to estimate the
impact of various disaster scenarios that result in varying levels of levels
and trends in the quality and scope of key water provision, sanitation and
health care delivery infrastructure. A multi-level model was developed
encompassing a matrix-map of the interactions between key drivers of
water quality, access, provision, and scarcity. Key inputs to health care
service quality, accessibility and coverage were used to determine the
change in the likely consequences of any breakdowns on these key drivers.
This model uses variables from four categories of data; disease incidence,
critical infrastructure, climactic variables and food security, to develop
estimates of changes in population wide disease burden. These results

are then used, along with data on healthcare infrastructure, to estimate
marginal impact on healthcare costs, and resulting impact on households,
as well as the wider social burden resulting from greater disease burden
within the population, such as growth and cognitive development in
children and impacts on education, and lifetime earnings. Ultimately the
value of this model will be in developing a ‘currency’ for risk that not just
improves our understanding of the true costs to society of various levels of
risk of major adverse events, but also allows us to measure the return on
investment on early interventions.
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A RANDOMIZED, PLACEBO-CONTROLLED, DOUBLE-
BLIND PILOT STUDY OF SINGLE-DOSE HUMANIZED ANTI-
IL5 ANTIBODY (RESLIZUMAB) FOR THE REDUCTION OF
EOSINOPHILIA FOLLOWING DIETHYLCARBAMAZINE
TREATMENT OF LOA LOA INFECTION

Fanny Legrand’, Jesica Herrick?, Michelle Makiya', Shakuntala
Rampertaap?, Jennifer Stoddard?®, JeanAnne Ware', Michael P. Fay?,
Nicole Holland-Thomas®, Thomas B. Nutman', Amy Klion'

'National Institutes of Health, Bethesda, MD, United States, ?University of
Illinois at Chicago, Chicago, IL, United States, *Department of Laboratory
Medicine, National Institutes of Health, Bethesda, MD, United States,
“Biostatistics Research Branch, DCR, National Institute of Allergy and
Infectious Diseases, Rockville, MID, United States, *Clinical Research
Directorate/Clinical Monitoring Research Program, Leidos Biomedical
Research, Inc., NCl, Frederick, MD, United States

Diethylcarbamazine citrate (DEC) treatment of loiasis is complicated by
adverse reactions that are correlated with the number of circulating
microfilariae (mf). The cause of these reactions is unknown, but they

are accompanied by a dramatic interleukin-5 (IL-5)-dependent increase

in eosinophilia and evidence of eosinophil activation. To explore the

role of IL-5 driven eosinophilia on post-DEC reactions, 8 adults with
parasitologically-confirmed loiasis and <5000 mf/mL blood were enrolled
on a randomized, double-blind, placebo-controlled trial of the humanized
anti-IL-5 antibody, reslizumab, (1.0 mg/kg IV) administered 3 to 7 days
prior to initiation of DEC treatment (9 mg/kg/day for 21 days). Subjects
were assessed prior to, at days 1, 2, 3, 5, 7, and 14 and months 1, 3,

6, 12, 18 and 24 post-DEC treatment. The primary endpoint was the
reduction in absolute eosinophil count (AEC) during the first week of DEC
treatment. Secondary outcomes included the severity of post-treatment
adverse events (AE), markers of eosinophil activation, and mf clearance.
Baseline characteristics were comparable between the two groups.

Single dose reslizumab lowered the AEC by 77% prior to initiation of
DEC therapy (vs. a 12% decrease in the placebo group, p<0.05). More
importantly, reslizumab significantly reduced AEC in the first week of DEC
treatment, with peak AEC remaining below baseline in all subjects who
received reslizumab and in none of the placebo subjects. Mf clearance
occurred within 2 days of initiation of DEC in all 7 mf+ subjects. Mild

to moderate AEs were seen in all 8 subjects and were not significantly
different between the reslizumab and placebo groups. In summary,
although reslizumab was able to block peripheral eosinophilia post-

DEC treatment in subjects with loiasis and had no effect on microfilarial
clearance, the reduction in AEC appears to have been insufficient to
prevent post-treatment AEs. Assessment of eosinophil activation and
cytokine profiles is ongoing.

MOLECULAR DETECTION OF ONCHOCERCA VOLVULUS IN
SKIN BIOPSIES FROM THE DEMOCRATIC REPUBLIC OF THE
CONGO (DRC)

Jessica Prince-Guerra’, Vitaliano Camaz?, Nana Wilson?, Josias
Likwela?, Nestor Ndakala Gyamba?®, Jacques Muzinga wa
Muzinga®, Nicholas Ayebazibwes®, Yassa D. Ndjakani’, Naomi
Awaca Pitchounas, Dieudonné Mumba Ngoyi®, Antoinette K.
Tshefu'©, Paul T. Cantey?

'ASM/Centers for Disease Control and Prevention Post-Doctoral Fellowship,
Division of Parasitic Diseases and Malaria, Centers for Disease Control

and Prevention, Atlanta, GA, United States, *Division of Parasitic Diseases
and Malaria, Centers for Disease Control and Prevention, Atlanta, GA,
United States, *Epidemic Intelligence Service, Division of Parasitic Diseases
and Malaria, Centers for Disease Control and Prevention, Atlanta, GA,
United States, “Programme National de la Lutte contre I'Onchocercose,
Kisangani, Democratic Republic of the Congo, *Field Epidemiology and
Laboratory Training Program, Kinshasa, Democratic Republic of the
Congo, ®African Field Epidemiology Network, Kampala, Uganda, ’Division
of Global Health Protection, Centers for Disease Control and Prevention,
Kinshasa, Democratic Republic of the Congo, éProgramme Nationale de

la Lutte contre I'Onchocercose, Kinshasa, Democratic Republic of the
Congo, °Institut National de Recherche Biomédicale, Kinshasa, Democratic
Republic of the Congo, '°Ecole de Santé Publique, Kinshasa, Democratic
Republic of the Congo

Defining the optimal diagnostic tools for evaluating onchocerciasis
elimination efforts is paramount. The sensitivity of skin skip microscopy
decreases as microfiladermia is suppressed, highlighting the need for
molecular tools. We assessed the ability of a pan-filarial real-time PCR
with melt curve analysis (QPCR-MCA) tool to detect Onchocerca volvulus
(OV) in residual skin snip biopsies and evaluated the performance of this
tool relative to microscopy. Residual skin snip biopsies were collected from
471 people during an onchocerciasis survey in Kisangani, DRC, an area
co-endemic for OV, Mansonella spp. (MSPP) and Loa loa (LL). Melting-
temperature (T, ) ranges for species identification were determined

using known gDNA. By gPCR-MCA, 43.5% (205) of the samples were
negative, 47.5% (224) had OV, 3.8% (18) had MSPP, and 5.1% (24)

had LL. An OV specific gPCR (qPCR-0150) was run as validation for all
gPCR-MCA(+) samples and 25% of the gPCR-MCA(-) samples. There

was 100% concordance for negative samples, and 97% concordance
among positive samples: 5 were qPCR-MCA(+) but gPCR-O150(-) while

3 were qPCR-O150(+) but gPCR-MCA(+) for either LL or MSPP but not
OV. Sequencing was done for 61 samples because they had a non-OV

T or a dissociation curve suggestive of mixed infection. Of these, 15

had LL, 30 had M. perstans (MP), 6 had OV, and 8 had mixed template
chromatograms. Overall, 43.5% of skin snips were negative, 43.7% had
QV, 3.0% had LL, 3.2% had MP, and 6.6% had > 1 species. The sensitivity
and specificity of microscopy was 79.5% and 95.5% compared to qPCR-
MCA and 80.6% and 96% compared to qPCR-O150. Skin snip microscopy
was less sensitive than gPCR even in a hyper-endemic setting that received
yearly ivermectin. The gPCR-MCA identified 30 cases other filariae that
were sequence confirmed. Although this assay detected OV, it was not
sufficiently robust to differentiate all species in mixed infections, which
had to be resolved by species-specific PCRs. Nevertheless, the gPCR-MCA
assay is a useful, rapid screening method able to detect OV and identify
samples with mixed infections which will be invaluable for validating other
diagnostic assays.
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TOLL-LIKE RECEPTOR 2 EXPRESSION ON IMMUNE CELLS
IS ELEVATED IN CURED ASYMPTOMATIC INDIVIDUALS IN
LYMPHATIC FILARIASIS

Jubin Osei-Mensah’, Manuel Ritter?, Linda Batsa-Debrah', Anna
Albers?, Yusif Mubarik?, Laura Layland?, Kenneth Pfarr?, Achim
Hoerauf?, Alex Debrah3?

'Kumasi Centre for Collaborative Research in Tropical Medicine, Kwame
Nkrumah University of Science and Technology, Kumasi, Ghana, ?Institute
for Medical Microbiology, Immunology and Parasitology, University
Hospital of Bonn, Bonn, Germany, *Faculty of Allied Health Sciences of
Kwame Nkrumah University of Science and Technology, Kumasi, Ghana

Various clinical manifestations observed in lymphatic filariasis-endemic
(LF-endemic) areas may be partly due to alterations in innate and adaptive
immune cell populations expressing toll-like receptor 2 (TLR2) and toll-
like receptor 4 (TLR4). The endosymbiotic bacteria Wolbachia, have been
shown to induce inflammatory responses that are mediated primarily

by the toll-like receptors. The use of the mass control drugs, ivermectin
and albendazole, and the macrofilaricide doxycycline introduces a new
dynamic in the immune response profiles of individuals in LF-endemic
areas. In a study conducted in the Western region of Ghana where
therapy has been ongoing for a minimum of 5 years, whole blood from

a cohort of 428 individuals comprising 15 patent, 64 latent, 98 endemic
normals, 101 lymphedema and 150 previously asymptomatic infected

but now uninfected (“cleared infection”), were stimulated in 96-well
microtiter plates with the TLR-specific ligands PamCSK4, LPS and HKLM.
The expression of TLR2 and TLR4 on innate and adaptive immune cells
were measured by flow cytometry. Expression of TLR2 was highest

on monocytes (CD14%), a dendritic cell sub-population (CD11c*int), a
macrophage sub-population (CD33*high) and CD4* T cells in “cleared
infection” individuals. Additionally, significant differences in TLR2
expression were observed between the “cleared infection” and latent
individuals (p < 0.05) on monocytes; “cleared infection” and lymphedema
pathology individuals (p < 0.0001) and “cleared infection” and endemic
normal individuals (p < 0.0001) on CD11c*int; “cleared infection” and
lymphedema individuals (p < 0.0001 and p < 0.05) on CD33*high and
CD4* T cells, respectively. However, no trend or pattern was observed in
TLR4 expression on innate and adaptive immune cells in both infected and
uninfected individuals, with observed levels being <4% in all cell types
examined. Our findings show that therapy leads to heightened recognition
of pathogen-associated molecular patterns by TLR2 on innate and adaptive
immune cells, and a recovery in immune response in asymptomatically
infected LF individuals who have cleared the infection.

IN VITRO-GENERATED AND EX VIVO-ISOLATED HUMAN
DENDRITIC CELLS RESPOND SIMILARLY TO LIVE
MICROFILARIAE OF BRUGIA MALAYI

Kathleen R. Elliott, Prakash Babu Narasimhan, Sasisekhar
Bennuru, Thomas B. Nutman, Roshanak Tolouei Semnani

National Institutes of Health, Bethesda, MD, United States

Infection by Brugia malayi- one of the two major species causing lymphatic
filariasis in humans- has been classified by dysregulation of dendritic cells
(DC) most associated with microfilarial (mf) antigen exposure. Our previous
data have shown that live mf both induce apoptotic cell death and

inhibit the mammalian target of rapamycin (mTOR) in human monocyte-
derived DC (moDC) generated in vitro. The mTOR signaling pathway is

an important regulator of cellular metabolism, proliferation, growth, and
autophagy. Recent data suggest phenotypic and functional differences
exist between in vitro generated moDCs and the myeloid DC (mDC)
isolated directly ex vivo from blood that could lead to a misconstruing

of the importance of our in vitro findings. Therefore, we sought to
compare the responses of these two DC populations to live mf. Elutriated

monocytes from healthy volunteers were either cultured with IL-4 and
GM-CSF to generate moDCs or sorted ex vivo using an antibody cocktail
to isolate mDCs (CD11¢*/HLA-DR*/CD14/CD167/CD1c*). Once generated,
both cell types were exposed to either media alone, live mf, LPS (an mTOR
activator), or rapamycin (mTOR inhibitor) for 1 hr. Using immunoblot
analysis, we demonstrate that mf, similar to rapamycin, significantly
downregulate the phosphorylation of mTOR (and its downstream effectors
p70S6K, and 4EBP1 p<0.05) in both moDC and mDC. Interestingly, the
rapamycin-like effects of mf are also observed when mf are physically
separated from DC using transwells. Because cell contact is not required
for mf impairment of the mTOR pathway in DC, we suggest that excretory/
secretory products from live mf may mediate this effect. The similarity of
these two cell types (moDC and mDC) in response to mf extends beyond
mTOR inhibition to the induction of apoptotic cell death. When exposed
to live mf, both cell types have a marked (~7-fold) increase in cell death as
measured by propidium iodine positivity by flow cytometry. Together, these
data suggest that while there are phenotypic and functional differences
between moDC and mDC, with respect to responses to live mf (and mTOR
inhibitors), they appear to function similarly.

ONCHOCERCA VOLVULUS PROTEOME-WIDE LINEAR EPITOPE
SCANNING USING HIGH-DENSITY PEPTIDE MICROARRAYS
AND CONFIRMATION OF IMMUNODOMINANT MOTIFS BY
ELISA

Ole Lagatie, Bieke Van Dorst, Lieven J. Stuyver
Janssen Diagnostics, Beerse, Belgium

We have employed high-density peptide microarrays containing 832,709
partially overlapping 15-mer peptides covering the entire Onchocerca
volvulus proteome, and screened serum samples of Onchocerciasis patients
(n=12) and controls (n=6) for immunoreactivity. After selection of cut-offs
for signal intensity and significance, approximately 2000 immunoreactive
peptides were identified, of which at least 290 could be considered
immunodominant. This pool of immunodominant peptides was further
divided into clusters, each cluster characterized by the presence of a motif
of 5 or 6 amino acids with invariant anchor points and variability around
these anchors. Hence, all peptides belonging to a cluster had at least one
such motif. Three of these motifs were strongly represented, e.g. motif

1 was found in 74 peptides, motif 2 in 39 peptides, and motif 3 in 37
peptides. These peptides were found in a large variety of apparently non-
related OVOC proteins. For each of these three motifs, we have used at
least four peptides for development of a peptide ELISA. Sensitivity and
specificity for each peptide was determined using 21 plasma samples
from Onchocerca-confirmed individuals (FR3 repository), and 187 control
plasmas from non-Onchocerca endemic regions (healthy, and infections
with HIV, HCV, Dengue, Brugia, Wuchereria and Loa). Within one cluster,
the antibody reactivity against e.g. peptide 1 could be inhibited by adding
e.g. peptide 2 (from a non-related gene) in solution in ELISA. Sensitivity
range for peptides containing motif 1 was between 90.5 % and 100%;
and specificity range was between 91.4 % and 94.1 % (results for motif
2 and 3 are pending). The immune response against these peptides was
mainly IgG1, IgG3, IgM and IgE. The key amino acids responsible for the
immune recognition were determined by micro-array epitope scanning.
Taken together, our data demonstrate that part of the humoral immune
response induced by infection with O. volvulus is directed against a

small number of highly abundant peptide motifs present in apparently
structurally nor functionally related OVOC genes.

astmh.org



THE EFFECT OF LITOMOSOIDES SIGMODONTIS INFECTION
ON IGE-MEDIATED ANAPHYLAXIS IN SENSITIZED MICE

Laura E. Kropp, Edward Mitre
Uniformed Services University, Bethesda, MD, United States

IgE-mediated anaphylaxis is a life-threatening condition. Binding of

IgE with its cognate antigen causes basophils and mast cells to rapidly
release pre-formed inflammatory mediators. While numerous animal
studies have reported that helminths can prevent allergic sensitization,
only 4 studies have evaluated the effects of infection on pre-existing
allergy. Since chronic helminth infection suppresses basophil and mast cell
function, we hypothesized that chronic infection would protect against
the clinical symptoms of anaphylaxis in previously sensitized mice. Mice
were sensitized by weekly intraperitoneal (IP) injection of either ovalbumin
(OVA)/alum or PBS/alum for 3 weeks. At 5 weeks, mice were infected

with Litomosoides sigmodontis (L.s.), a rodent filarial parasite, or mock-
infected. Ten weeks post-infection, immunological and clinical parameters
were measured before and after IP challenge with OVA. In sensitized mice,
chronic L.s. infection resulted in serum levels of OVA-specific IgE that were
an average of 50% lower than those observed for mock-infected mice
(6,296 vs. 13,056 pg/mL, p-value- 0.1494). Chronic infection also caused a
modest reduction in OVA-specific IgG2a levels. Following challenge, serum
levels of murine mast cell protease 1 were significantly lower in sensitized
mice that were L.s.-infected as compared to mock infected (86,276.81 vs.
276,635.2 pg/mL, p- value= 0.0385). With respect to clinical symptoms,
L.s.-infected mice that had been previously sensitized exhibited an average
drop in core body temperature of 4.3 °C after 1 hour. Although less than
the average 6.3°C drop observed in sensitized and mock-infected mice,
the difference was not statistically significant. These results suggest that
chronic helminth infection reduces allergen-specific IgE levels and allergen-
driven mast cell degranulation in previously sensitized animals.

MIXTURE MODELING TO DETERMINE POPULATION-SPECIFIC
CUTOFFS FOR IMMUNOLOGIC ASSAYS IN NEGLECTED
TROPICAL DISEASE SETTINGS APPROACHING ELIMINATION

Sarah M. Sullivan', Howard H. Chang', Amanda Barry?, Patrick J.
Lammie?, Melissa Torres*, Kimberly Y. Won?, Katherine Gass?

'Rollins School of Public Health, Emory University, Atlanta, GA, United
States, *Centers for Disease Control and Prevention, Atlanta, GA, United
States, *NTD Support Center, Task Force for Global Health, Decatur, GA,
United States, “Smith College, Northampton, MA, United States

As Neglected Tropical Disease (NTD) programs succeed and transmission
intensity declines, the ability to discriminate between positive and negative
antibody tests becomes increasingly challenging. Previous techniques for
defining diagnostic test cutoffs are no longer sufficient as prevalence rates
decline towards zero. With varying degrees of non-specific background
reactivity across populations and the absence of a gold standard, an
objective yet flexible approach for cutoff determination is needed. Mixture
modeling allows for the probabilistic representation of subpopulations
within an overall population. By fitting a mixture model to continuous
data, members of the overall population can be assigned to groups (e.g.,
positive and negative), and the uncertainty of that classification can be
calculated based on the associated conditional probabilities. These groups
can be used to create an absolute cutoff and a pre-specified indeterminate
range (e.g. greater than 5% uncertainty), resulting in positive, negative
and indeterminate classifications. The number of groups may be specified
in advance or optimized by an algorithm using model selection criteria,
such as the Bayesian Information Criterion. We performed mixture
modeling on standardized ELISA results from two post-treatment NTD
settings. Antibody responses to a lymphatic filariasis recombinant antigen
(Wb123) were analyzed via normal mixture modeling utilizing a two-group
model which yielded a cutoff of 0.092 and an indeterminate range of
(0.082, 0.100). This corresponded to 96.1% negative, 2.3% indeterminate
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and 1.5% positive results. The same methods were used to analyze
responses to a recombinant onchocerciasis antigen (Ov-16), resulting in

a cutoff of 0.63 (0.57, 0.68) with 96.7% negative, 1.5% indeterminate
and 1.8% positive results. These results demonstrate the utility of mixture
modeling as a tool to provide population-specific diagnostic cutoffs with
a corresponding indeterminate group that reflects our certainty regarding
the cutoff. Such an approach may benefit other neglected and infectious
disease programs driving towards elimination.

THE LIVE ATTENUATED CHIMERIC VACCINE RWN/DEN4A30
IS WELL-TOLERATED AND IMMUNOGENIC IN HEALTHY
FLAVIVIRUS-NAIVE ADULT VOLUNTEERS 50-65 YEARS OF
AGE

Kristen K. Pierce’, Anna P. Durbin?, T. Grier?, C. Tibery?, A.
Janiak?, J. Lovchik?, A. Jarvis', Marya Carmolli’, Heather Kenney?,
Alexander Pletnev3, Steve S. Whitehead?, Beth D. Kirkpatrick'

"University of Vermont College of Medicine, Burlington, VT, United States,
?Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United
States, *National Institutes of Health, Bethesda, MD, United States

West Nile Virus (WNV) is the leading vector-borne cause of
meningoencephalitis in the U.S. Many infections are asymptomatic. Severe
iliness is most common in the elderly, including hepatitis and meningitis.
Complications include: paralysis, coma, and death. The second largest
outbreak of WNV in the U.S. occurred in 2012 (5,674 cases, including
2,873 cases of severe neurologic disease, 286 deaths). The NIH candidate
vaccine is a recombinant live attenuated (LA) WNV vaccine based on the
chimerization of wild type WNV (NY99 genome) with the LA dengue virus
serotype 4 vaccine rDEN4A30. Previous vaccine studies were conducted

in healthy volunteers at 103, 104 and 105. Based on the safety and
immunogenicity data of previous studies, a dose of 104 was chosen. A
randomized placebo controlled phase | trial was performed. 28 healthy
flavivirus-naive volunteers aged 50-65 were enrolled and randomized

to receive 104 PFU of rWN/DEN4A30 or placebo at 0 and 6 months.
Neutralizing antibody (Nab) to WNV was measured at day 28, 56, 90, and
180 following first vaccination and days 208, and 236 following second
vaccination. Nab was measured to PRNT50 against WT WNV conducted in
a BSL3 lab at LID. Seroconversion was defined as > 4 fold rise in Nab titer
to the wild-type WNV parent virus at study day 90 post first vaccination
compared with day 0. Following first dose, 3 subjects had detectable
viremia with a maximum peak titer of 0.7log10 PFU/mL. No subject was
viremic following second dose. 95% of vaccines seroconverted following
first dose. The Geometric mean peak titer (GMT) at day 90 was 65.3,
D180 was 27.63 and D360 was 34.52. Main AEs reported were similar in
placebos: headache (25% vaccinees (V), 12.5% placebo (P)), Fatigue 10%
(V), 37% (P), and nausea 25% (V), 12.5 (P). ''wWN/DEN4A30 was found

to be well tolerated and immunogenic in adults aged 50-65. Vaccination
induced a 95% seroconversion rate at day #90 after a single dose. As WN
is more severe in patients over 50, these results underscore the potential
use for 'WWN/DEN4A30 vaccine in this population, given the unpredictable
and sporadic outbreaks of WNV.

ACUTE AND DELAYED MORTALITY FOLLOWING WEST NILE
VIRUS INFECTION IN TEXAS

David Philpott’, Melissa Garcia’, Nicole Evert?, Dawn Hesalroad?,
Bonny Mayes?, Eric Fonken?, Kristy O. Murray'

'Baylor College of Medicine and Texas Children’s Hospital, Houston, TX,
United States, ?Texas Department of State Health Services, Austin, TX,
United States

West Nile virus (WNV) has a well characterized acute disease process;
however, the long term survival and contributors of death at a population
level are not well understood. In this study, we sought to investigate all-
cause and cause-specific mortality following WNV infection.Our study
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population consisted of 4144 Texas residents who were infected with WNV
from 2002-2012. Out of this population, we identified 554 deaths (13%).
Our analysis focused on both acute deaths (n=286) occurring < 90 days
after infection, and delayed deaths (n=268) occurring among those who
survived the first 90 days. Standardized mortality ratios (SMRs) adjusted for
age, sex, and calendar year were calculated according to ICD10 chapters.
We found a substantial number of reported WNV cases died within the
first 90 days of infection (286 out of 4144; 7%), primarily due to their
WNV illness or an unspecified infectious origin. Delayed mortality occurred
in 10% (210/2113) of initially surviving patients diagnosed with West Nile
Neuroinvasive disease (WNND) and in 3% (58/1742) of those diagnosed
with West Nile Fever (WNF). WNND cases experienced increased risk of
delayed death due to infectious (SMR: 4.7, 95%Cl: 3.2-6.9) and renal
causes (2.6, 1.4-4.7). We also found increased risk for all-cause mortality
in those who were under 60 years of age at the time of infection (SMR
1.98, 95% Cl: 1.5-2.6) but not among those over 60 years (0.99, 0.8-1.2).
Cases under 60 years exhibited increased risk of delayed mortality due to
renal (11.4, 4.7-27.3), infectious (5.3, 2.5-11.2), digestive (3.9, 1.9-8.1),
and circulatory (2.0, 1.2-3.4) causes. We present the first population-level
evidence of acute and delayed mortality among a considerable proportion
of patients with a history of WNV infection. Our data provide further
evidence to the literature supporting continued morbidity and mortality
years after WNV infection.

A SINGLE MUTATION IN THE ENVELOPE PROTEIN ALTERS
FLAVIVIRUS ANTIGENICITY, STABILITY AND PATHOGENESIS

Leslie Goo', Laura A. VanBlargan?, Kimberly A. Dowd', Michael S.
Diamond?, Ted C. Pierson’

"National Institutes of Health/National Institute of Allergy and Infectious
Diseases, Bethesda, MD, United States, ?Washington University, St. Louis,
MO, United States

Flaviviruses include clinically significant pathogens such as West Nile
(WNV), dengue (DENV), and Zika (ZIKV) viruses. Flaviviruses particles are
covered with a dense array of three-domain (DI, DII, Dlll) envelope (E)
proteins, which are targeted by neutralizing antibodies following infection
or vaccination. The structural flexibility or ‘breathing’ of flavivirus envelope
(E) proteins allows virions to sample an ensemble of conformations at
equilibrium. The molecular basis and functional consequences of virus
conformational dynamics are poorly understood. By analyzing a large
panel of WNV E variants, we identified mutations capable of changing the
structural ensemble sampled by virions at equilibrium. Here, we describe
the antigenic and biological consequences of a mutation at residue 198
(T198F) of the E DI-DII hinge. T198F displayed increased sensitivity to
neutralization a monoclonal antibody targeting a poorly exposed epitope
in the DIl fusion loop. Increased exposure of this cryptic epitope was
accompanied by changes in virus stability; following prolonged incubation
in solution at physiological temperatures, the T198F mutation resulted

in a 3-fold reduction in the half-life of infectious WNV. Introduction of a
mutation at the analogous residue of the dengue virus E protein similarly
increased accessibility of the fusion loop epitope and decreased virus
stability in solution, suggesting that this residue modulates the structural
ensemble sampled by distinct flaviviruses at equilibrium. Despite resulting
in a 3-fold reduction in the stability of WNV in solution, the T198F
mutation did not substantially impair in vitro replication kinetics. However,
in vivo studies in mice revealed that the T198F mutation attenuates lethal
WNV infection in a B-cell dependent manner. Overall, our study provides
insight into the molecular basis and the in vitro and in vivo consequences
of flavivirus breathing that has the potential to inform the design of
effective vaccines and therapeutic agents.

AN OPTIMIZED SYNTHETIC TLR-4 AGONIST ADJUVANT
FORMULATION INDUCES DURABLE AND FUNCTIONAL
IMMUNITY WHEN COMBINED WITH A CLINICAL-STAGE
RECOMBINANT WEST NILE VIRUS VACCINE ANTIGEN

Neal Scott Van Hoeven', Brian J. Granger', Tajanna Stinn',
Sharvari W. Joshi', Ghislain I. Nana', Christopher Fox', Angela
Bosco-Lauth?, Richard A. Bowen?, David E. Clements?, Timothy
Martyak?, D. Elliot Parks?, Scott Winram#, Susan L. Baldwin',
Steven G. Reed', Rhea N. Coler’

'Infectious Disease Research Institute, Seattle, WA, United States,
?Colorado State University Department of Biomedical Sciences, Fort Collins,
CO, United States, *Hawaii Biotech Inc., Honolulu, HI, United States,
“Leidos Inc., Frederick, MD, United States

West Nile virus (WNV) is a mosquito-transmitted member of the
Flaviviridae family that has emerged in the 21st century to become a
public health threat. Given the sporadic nature of WNV epidemics both
temporally and geographically, there is an urgent need for a vaccine that
can rapidly provide effective immunity. Protection from WNV infection is
correlated with antibodies to the viral envelope (E) protein, which encodes
receptor binding and fusion functions. Despite many promising E-protein
vaccine candidates, there are currently none licensed for use in humans.
This study reports the optimization of a WNV vaccine candidate containing
a clinical-stage WNV recombinant E-protein antigen (WN-80E) and a TLR-4
agonist adjuvant containing a synthetic Lipid A TLR-4 agonist (SLA) and
the saponin QS21 (SLA-LSQ). We have optimized adjuvant components for
rapid induction of potent antiviral immunity in murine models, and find
that both SLA and QS21 individually stimulate the production of multi-
functional Th1 CD4+ T-cells (IFNy+/TNFa+/IL-2+), as well as an increase in
the number of germinal center B-Cells (CD95+/GL7+) in a dose dependent
manner. Consistent with induction of Th1 biased cellular immunity, the
humoral response following adjuvanted immunization in mice is focused
toward production of class-switched IgG2c antibodies, resulting in high
levels of virus neutralization activity. Importantly, we observe significantly
increased neutralizing titers in mice given formulations which contain both
SLA and QS21 compared to either component alone. Using an optimized
vaccine formulation, we demonstrate induction of durable immunity

(300 days) following a single immunization in mice, and stimulation of
functional protective immunity in a Syrian hamster challenge model of
WNV disease. Taken together, these studies demonstrate the utility of SLA-
LSQ adjuvant formulations for induction of functional and durable West
Nile Virus immunity.

DIFFERENTIAL MECHANISMS OF WEST NILE VIRUS-INDUCED
PATHOGENESIS IN BIRDS

Nisha Duggal’, Angela Bosco-Lauth?, Richard A. Bowen?, Aaron
C. Brault!

"Centers for Disease Control and Prevention, Fort Collins, CO, United
States, ?Colorado State University, Fort Collins, CO, United States

West Nile virus (WNV) is maintained in North America in an enzootic cycle
between highly susceptible passerine birds and mosquitoes. However,

the mortality rates and viremia profiles of birds in response to WNV
infection vary dramatically between viral strains and avian species. For
example, American crows (AMCRs) inoculated with the NY99 strain of
WNV manifest high viremias with concomitantly high mortality rates.
However, AMCRs inoculated with a strain of WNV containing a pro-to-thr
mutation at amino acid 249 of NS3 (NS3-249T) exhibit significantly lower
viremias and mortality rates. These viremia profiles are inversely correlated
with interferon (IFN)-a expression. In contrast, we found that the viremia
and mortality rate of the NS3-249T virus is higher than that of the WT
NS3-249P virus in 2-day-old chicks. In order to better understand these
viral- and host-specific differences in WNV replication, a chicken fibroblast
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cell line was infected with NS3-249T or 249P viruses, with and without
chicken IFN-a pre-treatment. While both viruses were sensitive to IFN-a
treatment, the NS3-249T virus replicated to a higher titer, suggesting

the increase in chick viremia in vivo may be due to increased intracellular
replication, rather than a differential innate immune response. To identify
the cell populations contributing to the replication of WNV in chicks, 2
day-old chicks were inoculated with a WNV mutant restricted for leukocyte
replication through the insertion of multiple leukocyte-specific miRNA
target sequences into the 3" UTR. Previous studies have shown that a
leukocyte-restricted WNV mutant replicates poorly in AMCRs, suggesting
leukocytes are important sites of replication. Unexpectedly, the leukocyte-
restricted virus exhibited increased viremia and mortality in chicks. This
suggests that chick and AMCR leukocytes play very different roles during
in vivo WNV infection as critical sites of viral replication or effectors of
innate immune responses, respectively. Further studies of infected birds,
including sequencing of the avian transcriptome, will help to define the
avian innate immune response to WNV infection.

THE EFFECT OF CO-INFECTION WITH DENGUE,
CHIKUNGUNYA AND ZIKA VIRUS ON VECTOR COMPETENCE
OF AEDES MOSQUITOES

Claudia Riickert, James Weger-Lucarelli, Joseph R. Fauver, Selene
M. Garcia-Luna, Gregory D. Ebel

Arthropod-borne and Infectious Diseases Laboratory, Department of
Microbiology, Immunology and Pathology, Colorado State University, Fort
Collins, CO, United States

With the recent emergence of both Chikungunya virus (CHIKV) and Zika
virus (ZIKV) in the Americas, there are now three arboviruses cocirculating
in large areas of South and Central America that are all transmitted by
Aedes mosquitoes: dengue virus (DENV), CHIKV and ZIKV. Clinical signs
can be similar and while cases of coinfections have been reported to occur,
the incidence rate of these is unknown and may be underestimated due to
the lack of virus specific diagnostic tools. Coinfected viremic patients could
expose feeding mosquitoes to multiple arboviruses. Interestingly, in 2015
an increase in CHIKV infections coincided with a drop in dengue cases in
Mexico and Colombia. While this could be due to yearly variation, it could
also be related to the introduction of CHIKV which may be outcompeting
DENV in mosquitoes. However, the impact of coinfection on the ability

of relevant mosquitoes to transmit any of these viruses (i.e. their vector
competence) has not been determined. Therefore, we determined the
competence of Ae. aegypti (Poza Rica, Mexico) and Aedes albopictus
(Florida) mosquitoes exposed to bloodmeals containing more than one
Aedes-borne arbovirus. Specifically, mosquitoes were given a blood meal
containing American strains of DENV-2, CHIKV or ZIKV in single infections,
as well as combinations of the three viruses as double and triple infections.
Mosquitoes were kept for 5, 7, 9 and 14 days extrinsic incubation, at
which point mosquito bodies, legs and saliva were collected to determine
infection, dissemination and transmission rates. Presence of viral RNA was
determined by multiplex qRT-PCR for DENV-2, CHIKV and ZIKV in order

to determine RNA levels for the individual viruses in mosquitoes exposed
to more than one virus. Preliminary results suggest that coinfection may
impact vector competence in a virus-specific manner.

THE INFLUENCE OF GENETIC BOTTLENECKS, RNA
INTERFERENCE-MEDIATED DIVERSIFICATION AND SELECTIVE
CONSTRAINT ON THE EVOLUTION OF A TICK-BORNE VIRUS

Nathan Grubaugh', Claudia Ruckert', Philip Armstrong?, Angela
Bransfield?, John Anderson?, Gregory Ebel’, Doug E. Brackney?
Colorado State University, Fort Collins, CO, United States, ?The
Connecticut Agricultural Experiment Station, New Haven, CT, United States

Within hosts, flaviviruses exist as a heterogeneous population of closely
related viral variants termed a mutant swarm. While considerable attention
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has been directed toward studying the population dynamics of mosquito-
borne flaviviruses, little is known about tick-borne flavivirus populations.
This is disconcerting due the increased public health relevance of Powassan
virus (POWV), the sole North American member of the tick-borne
encephalitis complex. Therefore, we assessed the population complexity
of POWV lineage Il (deer tick virus; DTV) in both a vertebrate host and
invertebrate vector and examined the influence of RNAI targeting on DTV
populations. 11-week old mice were intra-peritoneally infected with DTV
and subsequently fed upon by Ix. scapularis larvae and nymphs. Infected
ticks were collected at each life stage through adulthood and RNA-Seq
and sRNA libraries were prepared, sequenced and analyzed. We found
that DTV populations were subject to a strong bottleneck once introduced
into mice, but then rapidly diversified. Subsequently, the populations
experienced another severe bottleneck during horizontal transmission

to ticks. During transstadial transmission, however, diversification was
constrained by strong purifying selection. Despite the relatively limited
diversity observed in ticks, we found that RNAI targeting intensity was
significantly positively correlated with the presence of intrahost single
nucleotide variants (iSNVs); findings similar to what has previously been
described for West Nile virus (WNV) in mosquitoes. While the overall DTV
population dynamics greatly differ from those of WNV, these findings
provide experimental evidence consistent with DTV ecology and support
their slow long term evolutionary trends. Together, these data highlight
that selective pressures incurred at a molecular level, such as RNAI, may be
similar for most if not all arthropod-borne flaviviruses, but that differences
in viral ecology can greatly influence the population dynamics of individual
flavivirus members.

MOSQUITO MIDGUT FREP1 IS A POTENTIAL UNIVERSAL
MALARIA TRANSMISSION-BLOCKING VACCINE

Caio Martinelle Franca', Guodong Niu', Genwei Zhang’,
Wanlapa Roobsoong?, Nguitragool Wang?, Xioahong Wang', Jang
Kim?, Jetsumon Prachumsri2, Noah Bulter?, Jun Li'

"University of Oklahoma, Norman, OK, United States, °Mahidol University,
Bangkok, Thailand, *Oklahoma Health Sciences Center, Oklahoma City,
OK, United States

Malaria remains a devastating disease. Transmission-blocking vaccines
(TBVs) have been recently considered as a promising approach for the
elimination and eradication of malaria. We recently discovered a mosquito
midgut protein FREP1 that facilitates parasite transmission through direct
binding to parasites and it is easily accessible to antibodies co-ingested
with blood. Here, we demonstrated that anti-FREP1 antibodies blocked
transmission of multiple Plasmodium species (Plasmodium berghel,
Plasmodium vivax, and P falciparum) to multiple Anopheles species

(A. gambiae and A. dirus). Sequence comparison of FREP1 orthologs
found that a fibrinogen-like (FBG) domain is highly conserved (>90%
identity) among Anopheles species from different continents, while the
sequence similarity between FBG and human fibrinogens is only about
10%. Immunization of mice with purified recombinant FREP1 shows

no significant difference of alanine aminotransferase activity between
anti-FREP1 serum and the pre-immune serum. Moreover, the anti-FREP1
serum did not show any cross-reactions with human fibrinogens. Thus,
FREP1 is non-toxic or unlikely to cause autoimmune response in mammals.
Notably, mice immunized with purified FBG effectively blocked P berghei
transmission (82.1% and 70.1% blockade) to An. gambiae in two
independent bioassays respectively. Anti-FREP1 serum from the immunized
mice also blocked over 90% infection of P falciparum in standard
membrane-feeding assays (SMFA). In summary, our data support that
FREP1 is a promising universal TBV antigen to block the transmission of
multiple Plasmodium species to multiple Anopheles species.
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SKIN SCARIFICATION WITH PLASMODIUM FALCIPARUM
CS PEPTIDE VACCINES USING SYNTHETIC TLR AGONIST
ADJUVANTS ELICITS CHEMOKINE/CYTOKINE PATTERNS
THAT CORRELATE WITH INDUCTION OF SPOROZOITE
NEUTRALIZING ANTIBODIES

Robert Mitchell, Roshawn Johnson, Rita Altszuler, Ute Frevert,
Elizabeth Nardin

New York University School of Medicine, New York, NY, United States

Sterile immunity can be elicited by immunization with sporozoites,
however, the production, storage and administration of whole parasite
vaccines present numerous logistical hurdles. Vaccination by skin
scarification (SS), as used for mass immunization during the Smallpox
Eradication Programme, may more closely mimic the natural route of
sporozoite inoculation by mosquito bite. We investigated SS immunization
using synthetic peptides containing minimal T and B cell epitopes of
Plasmodium falciparum CS protein combined with TLR agonists as
adjuvants. In a murine model, SS immunization with CS peptide in

the oil emulsion AddaVax containing TLR-7/8 and -9 agonists, but not
AddaVax without TLR agonists, elicited high levels of systemic sporozoite
neutralizing antibody, Th1- type CD4+ T cells and resistance to challenge
by bites of mosquitoes infected with transgenic rodent parasites expressing
P falciparum CS repeats. Immunogenicity of SS delivered vaccine was
demonstrated with either branched or linear peptide containing minimal

T and B cell epitopes, indicating that induction of sporozoite neutralizing
antibody was not dependent on antigen form. Standard serological assays
for measuring the magnitude, fine specificity or affinity of anti-repeat
antibodies were not predictive of the differences in levels of sporozoite
neutralizing antibodies detected in functional assays based on transgenic
parasites. To determine the immunological mechanisms relevant to the
initiation of the enhanced levels of sporozoite neutralizing antibodies, we
examined a panel of cytokines and chemokines elicited by SS using various
TLR agonists alone and in combination. Cellular sources of these cytokines/
chemokines were examined by immunohistology and flow cytometry
using fluorescent reporter cells including Langerhan cells and dendritic
cells. Patterns of chemokines/cytokines were detected in serum at early
time points that correlated with enhanced immunogenicity of SS delivered
vaccines.

HUMORAL IMMUNE RESPONSES TO AN ADJUVANTED
SELF-ASSEMBLING PROTEIN NANOPARTICLE (SAPN)
MALARIA VACCINE DISPLAYING THE NANP REPEAT AND
oTSR REGIONS OF THE PLASMODIUM FALCIPARUM
CIRCUMSPOROZOITE PROTEIN

Stephen A. Kaba', Labdhi Seth', Karen Bingham', Casey Storme’,
Amanda Wessal', Yuwei Zhu', Andrew K. Collin', Zoltan Beck?,
Gary R. Matyas', Carl R. Alving', Peter Burkhard?, David E. Lanar

"Walter Reed Army Institute of Research, Silver Spring, MD, United States,
?Alpha-O Peptides AG, Riehen, Switzerland

The Circumsporozoite Protein (CSP) is the predominant protein on the
surface of the sporozoite and the most thoroughly studied pre-erythrocytic
vaccine candidate. It is composed of an N-terminal domain, a conserved
pentapeptide protease cleavage site termed region |, a tetra peptide

NANP repeat region, a short conserved sequence termed region Ill, and

a C-terminal region with sequence homology to the thrombospondin
type-1 repeat superfamily (TSR). We have previously reported that a self-
assembling protein nanoparticle, PfFCSP-KMY-SAPN, presenting NANP
repeats and three human HLA epitopes of the CSP induced very strong
protective immune responses in mice. However, when tested in NHP,
immune responses were low even when an adjuvant was used. To improve
the vaccine induced immune response we have produced FMPO14, a SAPN
displaying NANP repeats and the entire aTSR domain of CSP. The aTSR in

the SAPN uses two Cys-Cys disulfide bonds to stabilize the hydrophobic
pocket and core link found in the native protein. Here we report the
analysis of the humoral immune responses of C57BI/6 mice to FMP014
combined with three different Army Liposomal Formulations containing
monophosphory! lipid A with or without QS-21, and Alhydrogel®

(ALFA, ALFQ and ALFQA). Intramuscular injection of C57BI/6 mice with
each FMPO14/ALF formulation induced high titer anti-NANP repeat,
anti-aTSR domain, and cytophilic IgG2b antibodies with high avidity.
However, FMP014 adjuvanted with ALF containing QS-21 (ALFQ) induced
significantly higher anti-CSP specific antibodies to the NANP repeats and
the aTSR domain compared to those without QS-21. Antibodies to both
the NANP repeat region and the aTSR domain conferred protection to
mice against challenge from an otherwise lethal dose of a transgenic P
berghei parasite expressing the full-length Plasmodium falciparum CSP.

IMMUNOMECHANISM OF PROTECTION FOR E140, A PRE-
ERYTHROCYTIC VACCINE CANDIDATE

Emily Smith’, Keith Limbach’, Nonenipha Rangel?, Arnel
Belmonte', Kyosuke Oda?, Andrea Renner?, Sharvari Sonawane’,
Kalpana Gowda?, Jessica Bolton', Rebecca Danner?, Martha
Sedegah?, Noelle Patterson’, Eileen Villasante?, Joao Aguiar?

"Henry M. Jackson Foundation, Rockville, MD, United States, ?Camris
International, Bethesda, MD, United States, ’Naval Medical Research
Center, Silver Spring, MD, United States

A malaria vaccine to prevent infection is greatly needed and essential for a
comprehensive malaria eradication program. Pre-erythrocytic (PE) antigens
are capable of inducing an immune response resulting in sterile protection,
as shown by the RTS,S vaccine. Plasmodium falciparum PE antigens are
also targeted by efficacious whole sporozoite vaccines and could be the
basis of a subunit vaccine. We have identified a single PE P yoelii antigen
(E140) capable of sterilely protecting CD1 mice in the range of 71% to
100%, alone and in combination with other antigens, respectively. Initial
examination of E140-specific immune responses showed significant CD4+
and CD8+ T cell responses upon DNA-prime/Ad5-boost immunization. We
also observed an antibody response that statistically correlated with sterile
protection. We have further characterized the T cell responses to E140
immunization evaluating the function of CD4+ and CD8+ T cells, including
IFN-gamma, TNF, IL-2, and MIP1alpha. In vivo T cell depletion experiments
in mice are being conducted to ascertain the requirement of these cell
types for protection. We are also conducting concomitant antibody
transfer studies in mice to establish the role of anti-E140 antibodies to
protection. These promising data are evidence of the potential of E140
and support further development of the P falciparum E140 ortholog in a
subunit malaria vaccine.

DEVELOPMENT OF A SEMI-SYNTHETIC WHOLE PARASITE
VACCINE

Michael F. Good', Ashwin Kumar Giddam?, Jennifer M. Reiman’,
Mehfuz Zaman', Mariusz Skwarczynski2, Istvan Toth?

'Institute for Glycomics, Gold Coast, Australia, ?°School of Chemistry and
Molecular Biosciences, Brisbane, Australia

We are developing whole parasite vaccines to protect against the blood
stages of malaria and showed that chemically attenuated vaccines

can protect against rodent malaria parasites. This approach is being
translated to the clinic. However, issues relating to production, storage
and delivery present obstacles that impede development of this vaccine
and other whole parasite approaches. We are therefore developing a
synthetic vaccine delivery system in which killed blood stage parasites are
encapsulated within liposomes that are targeted to dendritic cells using
mannosylated lipid core peptides (MLCPs). MLCP-liposomes were taken-up
efficiently by antigen presenting cells which then upregulated expression
of MHC-Il and co-stimulatory molecules, CD80 and CD86. Immunization
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of mice with MLCP-liposome vaccine formulations, without adjuvant,
generated enhanced levels of activated T cells in peripheral blood and
vaccinated mice were completely protected from challenge infection with
different species of rodent malaria. Liposome formulations are highly
promising delivery systems for a human malaria vaccine.

CORD BLOOD ANTI-PFSEA-1 AND PROTECTION FROM
SEVERE MALARIA IN INFANTS

Jennifer F. Friedman', lan Michelow?, Sangshin Park', Dipak K.
Raj', Christina E. Nixon', Emily A. McDonald', Christian P. Nixon’,
Sunthorn Pond-Tor", Ambris Jha', Edward Kabyemela?, Michal
Fried?, Patrick E. Duffy?, Jonathan D. Kurtis'

'CIHR, Brown University, Providence, Rl, United States, ?Muhimbili
University of Health and Allied Sciences, Dar es Salaam, United Republic of
Tanzania, *National Institutes of Health, Bethesda, MD, United States

Plasmodium falciparum malaria is a leading cause of morbidity and
mortality in developing countries, infecting hundreds of millions of
individuals and killing up to one million children in sub-Saharan Africa
each year 1,2. In holoendemic areas, children suffer the most from
malaria, particularly after six months of age. Both the relative resistance

to infection and severe malarial disease (SM) expressed by neonates and
young infants, as well as the hypothesis that this resistance is mediated by
maternally derived IgG has been recognized for decades 3-5. Despite these
early observations, the targets of protective, maternally derived cord blood
antibodies remain elusive. Recently, we demonstrated that antibodies to Pf
Schizont Egress Antigen-1 (PfSEA-1) predict decreased risk of SM in 1.5-4
yr olds living in a holoendemic area of Tanzania 6. Here we demonstrate,
in the same cohort, that maternally derived anti-PfSEA-1 antibodies cross
the placenta, are detectable in cord blood, and cord blood levels of these
antibodies predict significantly decreased risk of SM in infants for up to

12 months after birth. Further, in maternal vaccination studies in mice,
pups born to dams that were immunized with PbSEA-1 prior to pregnancy
had significantly lower parasitemia and longer survival times following
lethal P berghei ANKA challenge compared to pups born to dams treated
with adjuvant alone. Together, these results identify, for the first time, a
parasite specific target of maternal antibodies that transfer to the fetus
and are associated with protection from SM and suggest that vaccination
of pregnant women with PfSEA-1 may afford a survival advantage to their
offspring.

IMMUNOGENICITY OF CHAD63/MVA ME-TRAP

MALARIA VECTORED VACCINE IS NOT AFFECTED BY CO-
ADMINISTRATION WITH ROUTINE EPI VACCINES IN A
RANDOMIZED CONTROLLED TRIAL IN GAMBIAN INFANTS
AND NEONATES

Sophie Roetynck’, Victorine Mensah?, Ebrima Kanteh', Georgina
Bowyer?, Amy Ndaw?, Francis Oko', Carly Bliss?, Riccardo Cortese?,
Alfredo Nicosia4, Rachel Roberts?, Flavia D’Alessio®, Odile Leroy®,
Babacar Faye?, Beate Kampmann', Badara Cisse?, Kalifa Bojange,
Stephen Gerry’, Nicola Viebig®, Alison Lawrie3, Ed Clarke?, Egeruan
Imoukhuede?, Katie Ewer?, Adrian Hill3, Muhammed Afolabi’
"Medlical Research Council Unit, Fajara, Gambia, Universite Cheikh Anta
Diop, Dakar, Senegal, The Jenner Institute, University of Oxford, Oxford,
United Kingdom, “Reithera, Rome, Italy, *European Vaccine Initiative,
Heidelberg, Germany, ®Medical Research Council Unit, ; Gambia, ’Centre
for Statistics, University of Oxford, Oxford, United Kingdom

Recent global estimates show that Plasmodium falciparum malaria remains
a major public health concern. An effective vaccine could complement
existing control measures. Heterologous prime-boost vaccinations using
chimpanzee adenovirus 63 (ChAd63) and modified vaccinia Ankara

(MVA) encoding ME-TRAP have consistently shown acceptable safety,
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excellent immunogenicity and substantial efficacy in African adult and
paediatric populations. If licensed, this vaccine will be given to infants,
who receive routine childhood immunizations. Here, we evaluate the
immunogenicity and possible interference of ChAd63/MVA ME-TRAP
when co-administered with routine Expanded Programme Immunization
(EPI) vaccines in young infants. We enrolled 65 Gambian infants and
neonates into 3 groups aged either 16, 8 or 1 week old at first vaccination
and randomized them to receive either ME-TRAP vaccine or control. All
participants received EPI vaccines according to the national programme.
Safety was assessed by the description of vaccines-related adverse events
including clinical assessments, biochemical and haematological tests.
Immunogenicity was evaluated using anti-TRAP IgG ELISA, interferon-
gamma ELISPOT and flow cytometry. Serology was performed to confirm
all infants achieved protective titres to EPI vaccines. The vaccines were
well tolerated in all age groups with no vaccine-related serious adverse
events. High-level TRAP specific IgG and T cell responses were generated
after boosting with MVA. Particularly, CD8* T cell responses, previously
found to correlate with protection, were induced in all groups. Antibody
responses to EPI vaccines remained at protective levels. While difficult

to induce in neonates with protein or polysaccharide vaccines, potent
humoral and cellular immunity were generated by heterologous prime-
boost immunization with ChAd63/MVA ME-TRAP in young infants and
neonates. Co-administration of routine EPI vaccines did not interfere
with these responses. The EPI vaccines also retained protective antibody
titres following administration of the malaria vaccines, supporting further
evaluation of this regimen in infants.

FIVE-YEAR OUTCOMES OF A RANDOMIZED TRIAL

OF SCHOOL VS. COMMUNITY-BASED MASS DRUG
ADMINISTRATION FOR SCHISTOSOMA MANSONI CONTROL
IN WESTERN KENYA

Pauline N. Mwinzi', Susan P. Montgomery?, Ryan E. Wiegand?,
Kennedy Andiego’, Martin Omedo!, Geoffrey Muchiri’, Michael O.
Ogutu’, Fredrick Rawago', Maurice R. Odiere’, Diana M. Karanja',
W. Evan Secor?

'Kenya Medical Research Institute, Kisumu, Kenya, ?Centers for Disease
Control and Prevention, Atlanta, GA, United States

Current WHO mass drug administration (MDA) recommendations for
schistosomiasis control are based on prevalence in school aged children.
At the time they were developed, the guidelines were contingent upon
two hypotheses: 9-12 year old children are a reliable indicator of the
overall level of infection in the population, and once annual MDA will

be sufficient to reduce infection levels. Further, the guidelines were
originally developed for morbidity control and may no longer be adequate
for the WHA 54.19 and 65.21 resolution targets which now includes
elimination of schistosomiasis. We conducted a large trial involving 150
communities in western Kenya as part of the Schistosomiasis Consortium
for Operational Research and Evaluation (SCORE) to compare different
MDA distribution approaches and frequency of delivery on Schistosoma
mansoni infection prevalence and intensity. For 4 years, community wide
(CWT) or school based treatment (SBT) was provided annually, every
other year or only the first 2 years to 25 randomly assigned communities
in each of 6 study arms. In the fifth year, communities in all arms were
evaluated. At the end of the 5 years, communities that had received a
total of 4 treatments had lower prevalence (P = 0.0041) and intensity (p =
0.0024) than those that had received 2 treatments. However, calculating
impact relative to cost suggests that even though 2 treatments reduced
prevalence less than 4 treatments, the 2 treatment approach may be
more cost effective. We evaluated first year pupils in years 1, 3 and 5 as
a proxy measure of the force of transmission and showed that both CWT
and SBT approaches appeared to impact community transmission levels.
Despite the general reduction in prevalence and intensities of S. mansoni
infections, 44% of the 50 communities that received annual treatment,
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either by CWT or SBT, had < 20% change in prevalence over the five year
period, indicating that MDA alone may not be sufficient to achieve control
or elimination.

FEMALE GENITAL SCHISTOSOMIASIS IN ABEOKUTA, NIGERIA

Uwemedimo F. Ekpo', Oluwatosin M. Opeyemi', Sammy O.
Sam-Wobo', Hammed Mogaji', Hameedat O. Abdussalam?,
Akinola S. Oluwole!

'Federal University of Agriculture Abeokuta, Abeokuta, Nigeria, *Federal
Medical Centre Abeokuta, Abeokuta, Nigeria

Female Genital Schistosomiasis (FGS) is an emerging public health problem
for young girls and women of childbearing age living in urogenital
schistosomiasis endemic areas. The disease is associated with vaginal
itching and discharge, post-coital bleeding, genitopelvic discomfort,
marital discord, infertility, preterm labour, anaemia, menstrual disorders,
and painful sexual intercourse. Over 44 million women living in sub-
Saharan Africa (SSA) are currently affected by FGS. However, this disease
has received little or no attention in Nigeria, which is the most endemic
country in sub-Saharan Africa. A study was conducted in four Schistosoma
haematobium endemic communities of Abule-titun, Imala-Odo, Apojola
and Ibaro in Abeokuta to investigate the occurrence of FGS and its
associated risk factors in young girls and women of childbearing age (age
range 5-49 years). A total of 317 females were examined, of which 150
(47.3%) of them had haematuria (blood in urine), and 149 (47.0%) had
pre-patent ova of Schistosoma haematobium in their urine respectively.
There was significantly (p <0.05) higher prevalence (121, 64.7%) and
intensity of infection (1.0659+0.1251) in younger girls (aged 5-15 years)
than their older counterparts. Using the standardised virgina discharge
colour chart, 4(1.3%) cases of FGS were identified. Full gynaecological
examination of 20 participants confirmed 14 (70.0%) cases of FGS.
Gynaecological abnormalities included 10 (71.4%) of the females with
grainy-sandy patches, 6 (42.9%) with yellow sandy patches, 1 (7.1%) with
nabothian cysts and rubbery papules in their vaginal and cervical wall.
Bathing (92.7%), fetching (52.4%), fishing (93.4%) and washing clothes
(96.5%) at the local dam were reported risk factors associated with S.
haematobium infection. This study has confirmed that the presence of
FGS in Abeokuta, Nigeria. Its impacts and implications on the reproductive
health of young girls and women of childbearing age living in urogenital
schistosomiasis endemic communities are yet to be documented.

PROGRESS TOWARDS SCHISTOSOMIASIS CONTROL AND
ELIMINATION FROM 2004 TO 2015 IN 28 HEALTH DISTRICTS
IN MALI

Mahamadou Traoré', Benoit Dembele?, Aly Landouré?, Boubacar
Guindo?, Seydou Goita?, Modibo Keita?, Moussa Sacko?, Zana
Berthé?, Abdoul Karim Sidibé', Steven Reid*, Marily Knieriemen?,
Yaobi Zhang®

'Direction Nationale de la Santé, Ministere de la Santé et de I'Hygiéne
Publique, Bamako, Mali, Helen Keller International, Bamako, Mall,
3Institut National de la Recherche en Santé Publique au Mali (INRSP),
Bamako, Mali, “Helen Keller International, New York, NY, United States,
*Helen Keller International, Regional Office for Africa, Dakar, Senegal

Mali has implemented the national schistosomiasis control program since
2005, supported initially by Schistosomiasis Control Initiative and then by
Helen Keller International with funding from the USAID’s NTD projects
managed by RTI International. The main activities include mass drug
administration (MDA) and impact evaluations. During 2014-15, 28 health
districts (HDs) in Segou, Sikasso, Kayes, Mopti and Koulikoro regions were
evaluated. Two or three sites in each HD with 50-60 school-age children
at each site, for a total of 59 sentinel sites and 3575 children assessed. All
HDs had received six or seven rounds of MDA, except two untreated. The
aim of the studies was to evaluate the current status of schistosomiasis

and adjust the MDA strategies in each district. The data from 2014-15
were compared to data from the baseline in 2004-05 to understand how
prevalence has decreased over time. At baseline, the median prevalence of
infection was 49.7% (range 0.29% to 98.5%) and the median prevalence
of heavy infection was 12.6 % (0.3% to 78.9%). During the 2014-15
evaluation, the median prevalence of infection was 13.2% (range 0.6%
to 83.6%) and the median prevalence of heavy infection was 3.4%
(range 0.03% to 25.8%). Thus the median prevalence decreased greatly
following the rounds of MDA. As a result ten out of 28 HDs (35.7 %) will
change their MDA cycle and targets for 2017. Eight out of 28 (28.6%)
have achieved schistosomiasis morbidity control, meaning less than 5%

of heavy infections in the sentinel population and another eight (28.6%)
HDs had achieved the criteria for schistosomiasis elimination, meaning less
than 1% of heavy infections in sentinel populations. To move towards the
control and elimination goals, additional activities have been identified:
snail control, sanitation improvements of river banks and health education.
Despite the success, some questions remain, for example, understanding
the reasons for persistence of elevated prevalence in three HDs. The
evaluation provided an opportunity for the national program to accelerate
progress towards elimination and/or control in districts with differing
epidemiological profiles.

COMMUNITY DIALOGUES FOR PREVENTION AND CONTROL
OF SCHISTOSOMIASIS IN MOZQAMBIQUE

Christian Rassi’, Sandrine Martin?, Kirstie Graham?, Ana Cristina
Castel-Branco?, Ercilio Jives

'Malaria Consortium, London, United Kingdom, ?Malaria Consortium,
Maputo, Mozambique, *Direccdo Provincial de Saude, Nampula,
Mozambique

A prerequisite for successful schistosomiasis prevention and control is

that affected communities have an understanding of the disease. Malaria
Consortium conducted a study in four districts of Nampula province

to explore whether the community dialogues approach is effective in
improving schistosomiasis prevention and control at community level. The
approach prompts communities to select volunteers who subsequently
receive training and conduct regular dialogues. This allows communities
to explore how they are affected, identify locally relevant solutions and
plan for taking communal action. For this study, 157 volunteers were
trained and equipped with a visual toolkit. Two six-month cycles of
community dialogues were conducted. The study used a mixed-methods
design: i) representative household surveys of knowledge, attitudes and
practices (KAP) at baseline (n=791) and endline (n=795), ii) 25 focus
group discussions with volunteers and community members and four in-
depth interviews with district health officials, iii) analysis of monitoring
and evaluation forms (n=1,462) and observation reports (n=11), and

iv) analysis of stories of change written up by community dialogue
participants (n=51). At baseline, correct knowledge of how schistosomiasis
is transmitted or prevented was low. KAP indicators improved over the
lifetime of the project. At baseline 18% could name at least one risk
behaviour correctly. At endline, this had increased to 30%. Community
participation also increased; for example, several communities initiated the
construction of latrines. Volunteers appreciated being agents of change
within their own communities. Participation levels were high, with an
average of 70 participants per dialogue. The approach was particularly
well received by women. Efforts to maximise prevention and control

of schistosomiasis need to take community perceptions into account.
Community dialogues are an effective tool to improve KAP and to increase
community ownership of health issues. The approach has potential
applicability in other health areas requiring communal behaviour change in
resource-poor settings.
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EXPERIENCES WITH A URINE-BASED RAPID DIAGNOSTIC
TEST FUR SCHISTOSOMA MANSONI! INFECTION IN
MIGRANTS

Soren L. Becker', Mathias Herrmann', Jurg Utzinger?

'Institute of Medical Microbiology and Hygiene, Saarland University,
Homburg, Germany, 2Swiss Tropical and Public Health Institute, Basel,
Switzerland

Schistosomiasis affects more than 250 million people, mainly in
sub-Saharan Africa. Intestinal schistosomiasis is primarily caused by
Schistosoma mansoni. Morbidity in chronically infected individuals can

be subtle, but severe long-term consequences may arise (e.g. hepatic
fibrosis). While the diagnosis of intestinal schistosomiasis relies on stool
microscopy, it is important to note that low-intensity infections are easily
missed. Here, we present experiences with a new point-of-care (POC) test
that detects a schistosome-specific circulating cathodic antigen (CCA) in
the urine of infected individuals. Since March 2015, individuals presenting
to the University Medical Center in Homburg, Germany were tested for
schistosomiasis upon specific infectious disease consultation. If the patients
had lived in an endemic area and signs and symptoms were compatible
with a parasitic infection (e.g. abdominal pain, eosinophilia), a urine
sample was subjected to a POC-CCA test and stool and urine microscopy
for parasites were performed. Patients with confirmed schistosomiasis
were treated with praziquantel. Within 12 months, eight patients with

a positive POC-CCA urine test have been identified. Upon further
investigation, S. mansoni eggs were detected by stool microscopy in six

of these patients. Of note, examination of a single stool sample failed

to detect the infection in four patients. All individuals with confirmed
schistosomiasis were migrants from Eritrea (age range: 16-34 years).
Peripheral blood eosinophilia was present in three patients and ranged
between 6% and 34%. Follow-up samples were obtained from three
patients and gave a negative result on the POC-CCA test within 7-10 days
after treatment. Our findings suggest that a POC-CCA urine cassette test is
highly sensitive for detection of intestinal schistosomiasis in migrants from
endemic areas. The high rates of migration into Europe and elsewhere
will likely lead to an increase of imported schistosomiasis cases. Hence, a
wider implementation of POC-CCA tests in hospitals will contribute to an
improved diagnosis and management of otherwise undetected S. mansoni
infections.

ASSOCIATION OF SCHISTOSOMIASIS WITH IMPAIRED
FERTILITY IN EAST AFRICA

Patricia A. Woodall
Emory University, Atlanta, GA, United States

Many case reports and pathology series have suggested associations

of Female Genital Schistosomiasis of the Fallopian tubes with infertility
and ectopic pregnancy. Geographic distribution of infertility (which in
Africa is most commonly due to tubal disease) has been reported but not
explained. In this cross-sectional study, interpolated prevalence maps for
Schistosoma haematobium and S. mansoni in East Africa were created
using data from two open-access Neglected Tropical Diseases databases.
Prevalence was extracted to georeferenced survey sample points for
Demographic and Health Surveys for Ethiopia, Kenya, Tanzania and
Uganda for 2009-2011 and 1999-2001. Outcomes included primary

and secondary infertility (no births) and infecundity (no pregnancies)

and history of pregnancy loss. Exploratory spatial analyses of outcomes
(Moran’s I, univariate and bivariate Local Indices of Spatial Autocorrelation)
showed that outcomes were not spatially random and mapped clustering,
hotspots, and areas of co-location of outcomes and exposures. Weighted
multilevel logistic regression analysis found that women living in high
compared to absent S. haematobium locations had significantly higher
odds of secondary infertility (1999-2001: OR 1.8 [CI95 1.4, 2.3]; 2009-
2011: OR 1.23[1.1, 1.5]) and of primary infertility (1999-2001: OR 1.8
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[1.3,2.7]; 2001-2011: OR 1.58 [1.1, 2.3]). Living in high compared to
absent S. mansoni locations did not affect the odds of any outcome.
Women living in high S. haematobium compared to high S. mansoni
locations had significantly higher odds of secondary infertility (1999-2001:
OR 1.7 [1.3, 2.3]; 2009-2011: OR 1.6 [1.1, 2.0]), and of primary infertility
(2010: OR 2.7 [1.5, 4.9]). For 1999-2001, history of pregnancy loss was
significantly associated with high compared to absent S. haematobium
(OR 1.3 [1.1, 1.6]) and with high S. haematobium compared to high S.
mansoni (OR 1.4 [1.0, 1.8]). There is increasing evidence of the clinical and
public health consequences of schistosomiasis to women'’s health and the
importance of inclusion of girls and women in control strategies.

REDUCED EFFICACY OF PRAZIQUANTEL AGAINST
SCHISTOSOMA MANSONI IS ASSOCIATED WITH
MULTIPLE-ROUNDS OF MASS DRUG ADMINISTRATION:
EPIDEMIOLOGICAL AND GENOMIC DATA FROM UGANDA

Thomas Crellen’, Martin Walker', Poppy H. Lamberton’, Narcis
Kabatereine?, Edridah Muheki3, James A. Cotton?, Joanne P.
Websters
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Mass drug administration (MDA) with praziquantel is the cornerstone of
schistosomiasis control in sub-Saharan Africa. The effectiveness of this
strategy is dependent on the continued high efficacy of praziquantel,
however drug efficacy is rarely monitored using appropriate statistical or
genomic approaches that can detect early signs of wane. We conducted

a repeated cross-sectional study, examining children infected with
Schistosoma mansoni from 6 schools in Uganda that had previously
received between 1 and 9 rounds of MDA with praziquantel. We collected
up to 12 S. mansoni egg counts from 414 children aged 6-12 before and
25-27 days after treatment with praziquantel. We estimated individual
patient egg reduction rates (ERRs) using a statistical model to explore the
influence of covariates, including the number of prior MDA rounds. In
addition we sequenced whole-genomes of S. mansoni parasites before
and after treatment. The average ERR among children within schools

that had received 8 or 9 previous rounds of MDA (95% Bayesian credible
interval (BCl) 88.23%, 93.64%) was statistically significantly lower than
the average in schools that had received 5 (95% BCl 96.13%, 99.08%) or
1(95% BCl195.51%, 98.96%) round of MDA. We estimate that 5.11%,
4.55% and 16.42% of children from schools that had received 1, 5,

and 8/9 rounds of MDA respectively had ERRs below the 90% threshold
of optimal praziquantel efficacy set by the World Health Organization.
The genomic population structure of parasites collected before and

after treatment were compared to elucidate targets of selection against
praziquantel. The reduced efficacy of praziquantel in schools with a higher
exposure to MDA may pose a threat to the effectiveness of schistosomiasis
control programs. We call for the efficacy of anthelmintic drugs used in
MDA to be closely monitored.
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THE PREMONITION TRAP: LABORATORY TRIALS OF A
ROBOTIC SMART TRAP FOR MOSQUITOES WITH SPECIES
AND SEX RECOGNITION
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Using traps for surveillance of vector and pathogen populations is an
important component of many vector management programs, but

this technology has remained largely unchanged over many years. It is
inaccessible in developing countries and limited in developed countries,
largely due to costs and personnel requirements. Project PREMONITION is
developing a robotic “smart” mosquito trap that captures live mosquitoes
individually for higher-throughput lower-cost pathogen surveillance and
elucidation of host associations. The PREMONITION trap uses infrared
sensors and algorithms to identify flying insects by wing beat frequency,
capturing only target mosquito species and reducing non-targeted
captures. In addition to recording putative species identification, additional
parameters including precise time of capture, temperature, humidity

and ambient light, are recorded, effectively providing foraging activity
data throughout the collection period and association with key abiotic
factors. Due to a unique design, each specimen is tagged with the data it
produced, enabling new bioinformatic analyses. Greenhouse trials of the
PREMONITION trap with Aedes aegypti and Culex quinquefasciatus and
different bait regimes including CO,, skin odor and UV light evaluated the
ability to trap mosquitoes, test behavioral activity throughout the collection
period and differentiate between these taxa. Field testing will further
evaluate the PREMONITION trap under native environmental conditions
and exposure to a myriad of flying arthropods.

REFINING ESTIMATES OF DENGUE VIRUS TRANSMISSION
POTENTIAL IN WILD TYPE AND WMEL-INFECTED AEDES
AEGYPTI: FIELD REARING CONDITIONS ALTER VIRUS
SUSCEPTIBILITY

Lauren B. Carrington’, Tim P. Hurst?, Long T. Vo', Dui T. Le', Kien
T. Duong’, Long T. Pham3, Hung Q. Luu?, Le H. Nguyen?, Bridget
Wills', Scott L. O'Neill2, Cameron P. Simmons*
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Wolbachia- (wMel) infected Aedes aegypti have been released at field
sites in Australia, Southeast Asia and now South America, with the
intention of curbing dengue virus (DENV) transmission using wMel’s virus
inhibition phenotype. Under optimal rearing conditions in the laboratory,
wMel induces reliable protection against DENV. However, mosquitoes
reared in the field are subject to changeable conditions (eg: exposure

to pathogens, fluctuating temperatures, variable nutrition/rearing
densities), and such factors may alter wMel-induced blocking of DENV
infection. We aimed to quantify the effect of field and laboratory rearing
conditions on DENV susceptibility of wild type (WT) and wMel-infected
Ae. aegypti, and to examine how this might influence virus transmission
dynamics. Our approach utilised weekly deliveries of both WT and wMel
mosquitoes collected directly from our Vietnamese field site. ‘Lab-reared’
eggs were hatched and reared under standard laboratory conditions.
‘Field-reared’ 4th instar larvae and pupae completed only the final stages
of development (without added nutrition) in the laboratory. All adults
were fed in parallel with the blood of 33 NS1-positive dengue patients

admitted to the Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam.
As expected wMel mosquitoes were less susceptible to DENV than WT
females. At the level of abdomen infection, logistic regression subgroup
analysis showed that field rearing increased virus susceptibility in WT
females, but did not affect wMel females. For virus transmission, WT
field females more frequently transmitted virus in their saliva compared
to lab-reared counterparts, suggesting lab experiments underestimate
WT transmission potential in the field. The opposite held true for wMel
females; wMel field females were less susceptible to DENV transmission
than those reared in the lab, suggesting previous lab estimates of wMel-
induced virus protection are conservative.

ESTIMATING HUMAN/MOSQUITO CONTACT AND RISK OF
EXOTIC ARBOVIRUS TRANSMISSION FROM EGGS COUNTS IN
OVITRAP: A CASE STUDY FOR AEDES ALBOPICTUS IN ROME
(ITALY)

Mattia Manica’, Roberto Rosa’?, Alessandra della Torre’,
Beniamino Caputo!

"University of Rome SAPIENZA, Rome, Italy, 2Fondazione Edmund Mach,
San Michele all’Adige, Italy

Aedes albopictus public health relevance is not only associated to its
aggressive daytime biting behaviour, but also to its capacity to transmit
arboviruses, such as Chikungunya (CHIKV), Dengue and Zika. The Zika
epidemics occurred in 2015-16 in Latin America, in addition to the large
number of Dengue cases/year worldwide, increases the possibility of virus
importation to non-endemic countries where the species has now become
a permanent pest. The likelihood of vector-borne disease transmission

and spread is commonly estimated by assessing RO, i.e. the number of
secondary infection arising from a primary case. However, RO-models
heavily rely on the accuracy of estimates of relevant biological parameters
for Ae. albopictus which may be very difficult to be determined and
universally applied. We here exploited the most easily obtainable field
data on Ae. albopictus density and dynamics (i.e. egg counts in ovitraps)
to estimate one of the key epidemiological parameters for risk model (i.e.
human/mosquito contact). Based on results from extensive field activities
carried out in summer 2014 in two sites in Rome - one of the most heavily
Ae. albopictus infested urban areas in Europe - we found a positive
relationship between counts of eggs in ovitraps (N=25120) and host-
seeking females collected by Human Landing Catches (HLC; N=5578). The
estimated linear regression coefficient for the mean number of eggs/site/
day was 0.21, meaning that an increase of 10 in the mean number of eggs
in ovitraps corresponded to an increase of 2 in the mean number of daily
host-seeking Ae. albopictus. Computation of RO for CHIKV using observed
HLC data showed values >1 in several periods along the sampling season.
The computation of CHIKV outbreak probability highlighted two phases
with a >75% probability of successful transmission of imported CHIKV.
The approach proposed, if validated in different ecological/geographical
settings, would represent a valuable and affordable option for assessing
risk of exotic arbovirus transmission in non-endemic countries based on
ovitrap data gathered during routine Ae. albopictus monitoring activities.
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IMPACT OF SEASONAL PATTERNS AND PARASITE ASEXUAL
STAGE ON ANOPHELES GAMBIAE SUSCEPTIBILITY TO
PLASMODIUM FALCIPARUM INFECTION IN BURKINA FASO
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Transmission reduction is a key component of global efforts to control
and eliminate malaria. A wide range of novel transmission-reducing
drugs and vaccines are currently under development. Human to mosquito
transmission is influenced by many factors. Actually, it is unclear how

the densities of parasites stages or season influence infection rate and
intensity. Here, we describe the importance of the parasites stages
seasonal pattern in infections success. Gametocytes carriers’ infectiousness
to mosquitoes was determined at the peak/end of transmission season
and dry season via membrane feeding assay. Asexual parasites prevalence
was higher in the peak of the wet season (69.1%, 329/476) compared to
the dry (56.8%, 50/88) and the end of the wet season (60.5%, 161/266).
Of gametocytes positive slides (N=189), 86.2% had asexual parasites.
Gametocytes prevalence did not significantly vary between seasons.
Asexual forms median density was 993 (IQR: 317-3759) with a significant
difference between seasons (p=0.0004). However gametocytes median
density 40 (IQR: 16-78) did not shown any seasonal variation (p = 0.1). For
feeding, around 28062 mosquitoes offered blood meal and 29.6% fed
and survived until dissection. The average number of dissected mosquitoes
75 (range 18 - 207) was quite the same according to the assays period.

In 71.8% (79/110) of feeding experiments, at least one mosquito was
infected. The median percentage of infected mosquitoes per infectious
experiment was 15.7% (IQR: 07.3- 89. 2 %) with a median oocyst
number of 2 (range 1 - 101). The prevalence of infected blood meal was
similar across season (70.0%, 72.7% to 70.1% at the dry, the peak, and
the end of the wet season. Mosquitos’ infection rate also did not show
any significant variation within season. The infection success was higher
for asexual parasites carriers (91%) than non carriers (9%). However,
mosquitoes’ infection rate and oocyst load did not significantly vary
according the asexual forms carriage. This highlights the need to carefully
interpret evaluations, regarding asexual parasites and transmission season
for malaria control program.

INVESTIGATING THE INFLUENCE OF PLASMODIUM
INFECTION ON THE HUMAN VOLATILE ODOUR PROFILE IN
AN ENDEMIC SETTING

Ailie Robinson’, Jetske de Boer?, Annette O. Busula?, Stephen
Powers*, John Caulfield*, Mike Birkett4, John A. Pickett*, Willem
Takken?, James Logan'
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There is some evidence to suggest that Plasmodium parasites
manipulate the attractiveness of human hosts to Anopheles vectors.
This is in accordance with the theory of parasite manipulation, whereby
transmission is favoured by an effect of the parasite on host biology

or behaviour. If malaria parasites can alter human attractiveness, the
repercussions would be far reaching: this would likely have a profound
influence on the way that malaria spreads through populations. Despite
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evidence that variations in human host attractiveness to biting insects
are manifested through differences in the human odour profile, the
association between such odour profile and malaria infection has never
been studied. In this large-scale, field-based trial we used air entrainment
techniques to capture the chemicals released by individuals’ skin (the
‘volatile odour profile’, VOP). We measured the VOP of both uninfected
school-age children in Western Kenya, and those with parasitaemia

of both sexual and asexual Plasmodium stages. The same volunteers
were measured following treatment with antimalarials. In addition to
field diagnostics, parasite infection profile was characterised by the use
of molecular techniques, including gqt-NASBA and gPCR, for parasite
stage and density respectively. Chemical odour profiles were examined
using gas chromatography, then further investigated using coupled
GC-electroantennography to determine entomological responses to
constituent compounds. We will present results showing associations
between human odour profile, parasitological parameters of infection
and electrophysiological responses of the Anopheles vector. Malaria
remains one of the most important diseases worldwide. As the global
strategy for malaria control and elimination evolves to combat both
parasite and vector resistance to drugs and insecticides, the need for
innovative tools intensifies. Greater understanding of the factors that
influence transmission will allow more precise epidemiological modelling.
Additionally, measurable changes in the VOP of infected individuals could
form the basis of a novel diagnostic tool.

CHANGE IN MOSQUITO BEHAVIOR AFTER DISTRIBUTION OF
BEDNETS RESULTS IN DECREASED PERSONAL PROTECTION
FROM INFECTIVE BITES

Edward Thomsen', Gussy Koimbu?, John Keven?, Manuel Hetzel*,
Lisa Reimer’

'Liverpool School of Tropical Medicine, Liverpool, United Kingdom, ?Papua
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Behavioral resilience in mosquitoes poses a significant challenge to the
control and elimination of malaria. Generalist host-seeking behaviors
enable mosquito populations to evade indoor interventions which target
host-seeking or resting mosquitoes. It is unclear whether behavior
changes, as seen in anopheline vectors over the last decade, compromise
the efficacy of vector control in reducing malaria transmission. In this
study, we quantified human exposure to both bites and infective bites

of a major malaria vector in Papua New Guinea over the course of

four years surrounding a nationwide long-lasting insecticidal bednet
distribution. Using age-stratified sleeping patterns and the biting density
indoors and outdoors, we estimated the protective efficacy of LLINs
against the biting population just prior to the distribution and for the
next three years. We observed a shift in bite exposure to earlier hours

of the evening, before individuals are protected, following the bednet
distribution. Protective efficacy was greatest in children under five years
old (65%), but significantly lower in the adult population (35%) who may
be an important reservoir for transmission. The personal protection in all
age groups decreased significantly over the study period and infective
mosquitoes were found host-seeking before 10pm. As a result, exposure
to infective bites was higher in net users and non-users alike, following the
distribution. The result of the decrease in personal protection over several
years appears to be a rebound in the entomological inoculation rate to
levels that surpass pre-intervention estimates. This study highlights the
necessity of validating and deploying vector control measures targeting
outdoor exposure if malaria is to be controlled and eliminated.
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ACCELERATED ARBOVIRAL TRANSMISSION AND MORE
EXPLOSIVE OUTBREAKS IN A WARMER WORLD
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Arboviruses are expanding into new regions, and outbreaks of these
diseases are becoming more common. Several studies have quantified
basic reproduction number, RO, based on temperature. However, none
have quantified epidemic growth rate, r, an important temporal measure
in the dynamics of these highly epidemic arboviral diseases. We seek

to characterize the sensitivity of the epidemic growth rate to changes

in both RO and the generation interval, which is defined as the average
time elapsed between consecutive cases in humans and also depends on
temperature. We first developed a description of RO for dengue based on
temperature and, for the first time, a fully characterized generation interval
distribution for dengue, also as a function of temperature. We then
combined these estimates of RO and the generation interval as functions
of temperature to obtain a description of epidemic growth rate r as a
function of temperature. To assess the implications of this temperature
relationship for projected future temperature increases, we calculated r as
a function of monthly, location-specific temperatures globally to identify
areas of the world and associated populations that may be subject to
increases or decreases in arboviral epidemic growth rates under future
climate change. By 2050, as many as 3.2 billion people are projected

to live in areas expected to experience increasingly rapid epidemics of
arboviral diseases, indicating the need for surveillance systems to remain
vigilant as the future explosiveness of outbreaks worsens in many areas.

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

Rachel H. Fong', Soma S. Banik’, Jin Jing?, Graham Simmons?,
Benjamin J. Doranz'
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Chikungunya virus (CHIKV) is a reemerging alphavirus that causes a
debilitating arthritic disease and infects millions of people and for which
no specific treatment is available. Like many alphaviruses, the structural
targets on CHIKV that elicit a protective humoral immune response in
humans are poorly defined. Here we used phage display against virus-like
particles (VLPs) to isolate seven human monoclonal antibodies (MAbs)
against the CHIKV envelope glycoproteins E2 and E1. One MADb, IM-
CKV063, was highly neutralizing (50% inhibitory concentration, 7.4 ng/
ml), demonstrated high-affinity binding (320 pM), and was capable of
therapeutic and prophylactic protection in multiple animal models up to
24 h post-exposure. Epitope mapping using a comprehensive shotgun
mutagenesis library of 910 E2/E1 mutants with alanine mutations
demonstrated that IM-CKV063 binds to an intersubunit conformational
epitope on domain A, a functionally important region of E2. IM-CKV063
blocks both virus entry and release steps. MAbs against the highly
conserved fusion loop have not previously been reported but were also
isolated in our studies. The fusion loop MAbs were broadly cross-reactive
against diverse alphaviruses but were non-neutralizing. Fusion loop

MADb reactivity was affected by temperature and reactivity conditions,
suggesting that the fusion loop is hidden in infectious virions. Visualization
of the binding sites of 15 different MAbs on the structure of E2/E1
revealed that all epitopes are located at the membrane-distal region of
the E2/E1 spike. Interestingly, epitopes on the exposed topmost and outer
surfaces of the E2/E1 trimer structure were neutralizing, whereas epitopes

facing the interior of the trimer were not, providing a rationale for vaccine
design and therapeutic MAb development using the intact CHIKV E2/E1
trimer.

BRIDGING THE GAP BETWEEN IMMUNOGENICITY AND
SAFETY: AN INSECT-ONLY VIRUS AS A VACCINE PLATFORM

Jesse H. Erasmus’, Albert J. Auguste', Jason Kaelber?, Shannan
L. Rossi', Grace Leal', Wah Chiu?, Dal Y. Kim?3, llya Frolov3, Huanle
Luo', Tian Wang', Farooq Nasar*, Scott C. Weaver'
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Traditional approaches in vaccine development have typically involved live-
attenuation or inactivation strategies. However, these approaches tend to
offer unbalanced safety and immunogenicity profiles with live-attenuated
vaccines providing robust yet reactogenic immune responses, while
inactivated vaccines present a safer alternative often requiring multiple
doses for protective immunogenicity. We propose the use of an insect-
specific virus, Eilat virus (EILV), as a novel platform for alphavirus vaccines
that provides exceptionally safe yet long-term, robust immunogenicity.
EILV was isolated from a pool of mosquitoes collected in the Negev desert
of Israel and is completely restricted to replication in insects only due to
an inability to enter and replicate its RNA genome in vertebrate cells. To
address the growing concern over chikungunya disease as it has now
become a global threat, we developed a proof-of-concept chikungunya
vaccine using the EILV platform. Here we report that EILV chimeras

with chikungunya structural proteins are antigenically identical to their
pathogenic counterpart, mimic early stages of the virus replication-

cycle from attachment and entry to viral genome delivery, yet remain
restricted to replication in mosquito cells only, providing an extremely
safe phenotype in vertebrate animals with balanced, long-lived humoral
and cellular immune responses following a single-dose vaccination. In
non-human primates, EILV/CHIKV elicited rapid and robust neutralizing
antibodies against chikungunya virus and provided protection against
telemetrically-monitored disease. The EILV platform represents the first
application of an insect-only virus in vaccine development and highlights
the broader application of such viruses in vaccinology.

PROTECTION AGAINST TWO LETHAL HETEROLOGOUS
VIRUSES AFTER SIMULTANEOUS DUAL-AEROSOL
CHALLENGE USING A NOVEL IMMUNOTHERAPEUTIC

Thomas C. Luke’, Eddie Sullivanz, Hua Wu?, Jin-an Jiao?, Christina
L. Gardner?, William Klimstra®, Kanakatte Raviprakash?

'Naval Medlical Research Center, The Henry Jackson Foundation, Silver
Spring, MD, United States, 2SAB Biotherapeutics, Inc., Sioux Falls, SD,
United States, *University of Pittsburgh, Center for Vaccine Research,
Pittsburgh, PA, United States, “Naval Medical Research Center, Silver
Spring, MD, United States

No specific therapeutic prevents or treats Venezuelan Equine Encephalitis
(VEE) or other alphaviruses. VEE causes human epidemics and is a select
agent. Influenza can cause severe mono-infection or a nosocomial co-
infection in hospitalized patients admitted for other infections. Passive
immunotherapeutics with mono-specific immunoglobulin (IgG) effectively
treats toxin, venom and pathogen-mediated diseases and are either
polyclonal IgGs, derived from human or animal plasma, or monoclonal
antibodies. Effective multi-pathogen/toxin higGs could have great clinical
benefits. Transchromosomic bovines (Tc-bovine) provide an alternative
method to economically produce large quantities of multi-target IgG
with fully-human antibodies. Tc-bovines have had their repertoire of
bovine antibody genes deleted, and instead carry a human artificial
chromosome containing the full repertoire of human antibody genes. Tc-
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bovines can rapidly produce up to 600 grams per month of hyperimmune,
multi-pathogen, fully-human immunoglobulin (higG). Tc-bovines were
hyperimmunized with psoralen inactivated Trinidad-Tobago (Td-Tb) VEE
virus and a trivalent spilt virion seasonal influenza virus (pH1N1, H3N2,
type B) and a Tc-bovine higG with very high titers to these viruses was
produced. Multiple groups of BALB-C or DBA2 mice (n=5) were aerosol
challenged with 300 PFU of wild-type pDNA electroporated strain Td-Tb
VEE (.5 PFU LD50) or dual challenged with 30 PFU Td-Tb VEE and 600 PFU
pH1N1 (30 PFU LD50) on day 0. VEE aerosol challenged mice received

100 ug (5 mg/kg) IP at -12/+48h (prophylactic) or +12/48h (therapeutic).
Dual VEE and pH1N1 aerosol challenged mice received 200 ug (10 mg/kg)
IP at -12/+48h (prophylactic) or +12/48h (therapeutic). Controls received
irrelevant hlgG. Prophylactic and therapeutic groups had 80-100%
survival. All controls had 0% survival. To our knowledge, this is the first
study demonstrating protection after simultaneous challenge with two
lethal heterologous viruses (alphavirus + orthomyxovirus) by any route in
any animal model. Multi-pathogen Tc-bovine higGs could be produced and
tested in human clinical trials.

A VIRUS-LIKE PARTICLE VACCINE ELICITS BROAD
NEUTRALIZING ANTIBODY RESPONSES IN HUMANS
AGAINST DISTINCT CHIKUNGUNYA VIRUS GENOTYPES

Leslie Goo, Kimberly A. Dowd, Tsai-Yu Lin, Barney S. Graham, Julie
E. Ledgerwood, Ted C. Pierson

National Institutes of Health/National Institute of Allergy and Infectious
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Chikungunya virus (CHIKV) is a mosquito-borne alphavirus that is endemic
to many regions of Asia and Africa, and has recently emerged in the
Western hemisphere. The rapid emergence of CHIKV is partly attributed

to an adaptive mutation that facilitated efficient transmission by a widely
distributed mosquito species, Aedes albopictus, highlighting the threat

of further CHIKV spread and the need to prioritize vaccine development.
There are three CHIKV genotypes: Asian, East/Central/South African
(ECSA), and West African, which share 95.2 to 99.8% amino acid identity.
CHIKV particles are enveloped, and encapsidate a positive-sense, single-
stranded genomic RNA that encodes four non-structural and five structural
polyproteins. Expression of the structural polyproteins gives rise to virus-
like particles (VLPs), which are highly immunogenic. In a recent phase

1 trial, we demonstrated a CHIKV VLP vaccine based on a West African
strain to be safe, tolerable, and to elicit robust neutralizing antibody (NADb)
responses against an ECSA strain. Here, we investigated the breadth of the
VLP vaccine-elicited NAb response against eight additional CHIKV strains
representing all three genotypes to further evaluate the potential of this
vaccine candidate to reduce CHIKV spread. We generated fully infectious
chimeric viruses in which the non-structural genes of Semliki Forest virus
(SFV), a related alphavirus, were complemented with CHIKV structural
genes for use in neutralization assays against sera obtained from 12 CHIKV
VLP vaccine recipients. SFV-CHIKV viruses encoding the structural genes
from all nine CHIKV strains were infectious, demonstrated similar in vitro
growth kinetics, and were potently neutralized by sera from vaccinees
(average half-maximum inhibitory dilution per vaccinee: 2209, range: 315
- 6423). These results suggest that the CHIKV VLP vaccine-elicited NAb
response could confer cross-protection against diverse CHIKV genotypes,
further supporting the potential of this vaccine candidate to combat
CHIKV spread. This vaccine is currently being evaluated in a phase 2 clinical
trial in the Caribbean.

HIGH-RESOLUTION IMAGING OF CENTRAL NERVOUS
SYSTEM INVASION BY ALPHAVIRUSES DELIVERED BY
SUBCUTANEOUS OR AEROSOL ROUTES OF EXPOSURE

Alan M. Watson, Christina L. Gardner, Chengqun Sun, Doug S.
Reed, Simon C. Watkins, Amy L. Hartman, William B. Klimstra

University of Pittsburgh, Pittsburgh, PA, United States

Encephalitic alphaviruses, including Venezuelan and Eastern equine
encephalitis viruses (VEEV, EEEV), have caused sporadic outbreaks in the
human population and can result in severe neurologic impairment and
death. Although in nature virus is delivered subcutaneously by the bite

of a mosquito, these viruses have potential for use as bioweapons, and

in this case, they are likely to be delivered by aerosolization. Currently, no
specific anti-viral treatments or FDA approved vaccines are available for
VEEV or EEEV. Thus, a detailed understanding of the routes of brain entry
and the dynamics of spread that differentiate the two will be important for
the development of prophylactics or post-exposure interventions that may
mitigate disease. In mouse models of disease, VEEV and EEEV demonstrate
distinctly different cellular tropisms due to microRNA binding sites in

EEEV that limit its growth in myeloid cells and natural heparan sulfate
(HS) binding by the virus, which further limits myeloid cell infection but
exacerbates brain replication. As a result of these phenotypic differences,
the dynamics of neuroinvasion and spread within the brain are also
expected to differ between the viruses. Using high speed ribbon scanning
confocal microscopy and the prototypic strains VEEV Trinidad Donkey and
EEEV FL93-939, we are collecting large-area, high resolution, images of
brain tissue in three-dimensions. With these data we can resolve, at the
cellular and macro levels, early sites of virus infection. Importantly, we can
differentiate patterns of infection following different routes of exposure
for both VEEV and EEEV. Initial results indicate that, while the timing of
neuroinvasion differs between the two viruses, primarily dependent upon
the HS binding phenotype, the olfactory bulb is a principal site of early
infection for both viruses when delivered peripherally and via aerosol. We
expect these data to provide a guide for the development of therapeutics
that can be specifically targeted for the post exposure timing and route of
infection.

ATTACK RATE OF CHIKUNGUNYA IN NICARAGUAN
CHILDREN DURING THE FIRST TWO WAVES OF THE
EPIDEMIC, 2014-2016

Aubree Gordon', Guillermina Kuan?, Lionel Gresh?, Nery Sanchez?,
Sergio Ojeda?, Saira Saborio?, Yolanda Tellez*, Marlon Melendez?,
Angel Balmaseda®, Eva Harris®

'Department of Epidemiology, School of Public Health, University of
Michigan, Ann Arbor, MI, United States, “Health Center Socrates Flores
Vivas, Ministry of Health, Manaqgua, Nicaragua, *Sustainable Sciences
Institute, Managua, Nicaragua, “Laboratorio Nacional de Virologia,

Centro Nacional de Diagdstico y Referencia, Ministry of Health, Managua,
Nicaragua, *Division of Infectious Diseases and Vaccinology, School of
Public Health, University of California Berkeley, Berkeley, CA, United States

Chikungunya was recently introduced into the Americas, causing
explosive epidemics throughout the region. Autochthonous transmission
of Chikungunya was detected in September 2014 in Nicaragua. To study
the introduction and transmission of Chikungunya in Nicaragua, we
included testing for chikungunya virus (CHIKV) in an ongoing pediatric
dengue cohort study in District Il of Managua, the capital city. Children
were enrolled prospectively, and data was systematically recorded on

all medical visits. Participants are encouraged to come in at first sign

of illness, and all medical care is provided free-of-charge through the
study. Participants who present to the health center with suspected
chikungunya or undifferentiated fever are tested for chikungunya by RT-
PCR and serological assays. Between September 2014 and March 2016,
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3,788 children participated in the study. From September 2014 to March
2015, the first wave of the epidemic, the clinical attack rate of laboratory-
confirmed CHIKV infection was 2.9% (95% CI: 2.3%, 3.4%). From July
2015 to January 2016, the second wave of the epidemic, the clinical
attack rate of laboratory-confirmed CHIKV infection was 13.9% (95%

Cl: 12.7%, 15.1%). Age was significantly associated with symptomatic
CHIKV infection, with 2-4 year olds experiencing the lowest attack rate
(9.4%) and 11-14 year olds experiencing the highest attack rate (20.2%).
In the first year of the study, the proportion of children in the study with
inapparent infections was 58.3% (95% Cl: 51.5%, 65.1%). Poverty was
an independent risk factor for CHIKV infection, with a prevalence ratio
(PR) 1.33 (95% CI: 1.11, 1.58), as was having >8 hours per day without
running water in the home, PR 1.31 (95% Cl: 1.05, 1.63). The number of
inapparent infections and the ratio of symptomatic:inapparent infections,
along with risk factor analysis, is ongoing for the second wave of the
epidemic. This study is providing critical data on the epidemiology and
transmission of chikungunya in the Americas.

TWELVE-MONTH ASSESSMENT OF PERSISTENT ARTHRALGIA
ASSOCIATED WITH THE 2014-2015 CHIKUNGUNYA VIRUS
OUTBREAK IN THE U.S. VIRGIN ISLANDS

Leora R. Feldstein’, Ali Rowhani-Rahbar!, Marcia R. Weaver?, M.
Elizabeth Halloran3, Esther M. Ellis

'Department of Epidemiology, School of Public Health, University of
Washington, Seattle, WA, United States, ?Institute for Health Metrics

and Evaluation, Seattle, WA, United States, >Center for Inference and
Dynamics of Infectious Diseases, Fred Hutchinson Cancer Research Center,
Seattle, WA, United States, “U.S. Virgin Islands Department of Health,
Christiansted, Virgin Islands, U.S.

Chikungunya virus (CHIKV), an alphavirus transmitted by Aedes spp.
mosquitoes, causes fever and polyarthralgia. Symptoms often resolve
within 7-10 days; however, up to 79% of cases in previous outbreaks
have reported persistent arthralgia (defined as joint pain at least once

per week) for up to 36 months following acute infection. To enhance

our understanding of the long-term impact of CHIKV illness, persistent
arthralgia and functional outcomes of laboratory-positive cases in the U.S
Virgin Islands (USVI) were evaluated at 6 and 12 months after symptom
onset. Outcomes of individuals with similar healthcare seeking behaviors
were compared to those of cases. A similar healthcare seeker was defined
as a USVI resident who did not report experiencing sudden onset of fever
and joint pain in June 2014-June 2015, and attended a healthcare facility
during the last week of June 2015. Six months after illness onset, 165
cases (65% female, median age: 52) were interviewed and 12 months
after illness onset, 128 of the 165 cases were interviewed. During the
12-month follow-up of cases, 167 similar healthcare seekers (64% female,
median age: 34 years) were interviewed. The difference in prevalence of
persistent arthralgia between cases and the comparison group at 6 months
was 32% (95% confidence interval [Cl]: 23-40%) after adjusting for age,
sex and self-reported history of arthritis; at 12 months after onset, the
difference in prevalence was 19% (95% Cl: 11-28%). Twelve months after
iliness onset, cases were 1.81 (95% Cl: 1.08-3.02) times more likely to
have difficulty walking, 1.96 (95% Cl: 1.24-3.12) times more likely to have
difficulty climbing stairs and 2.63 (95% CI: 1.31-5.29) times more likely to
have difficulty getting in and out of a car compared to similar healthcare
seekers. Furthermore, 22% (95% Cl: 15-29%) of cases compared to 10%
(95% Cl: 5-14%) of the comparison group reported that their health

was either somewhat or much worse compared to one year prior. These
findings highlight the long-term impaired physical functionality of CHIKV
cases and the need for therapeutic and vaccine research to manage and
prevent acute illness and long-term morbidity.

HIGH SEROPREVALENCE OF MIDDLE EAST RESPIRATORY
SYNDROME CORONAVIRUS (MERS-COV) IN CAMELS IS NOT
ASSOCIATED WITH MERS-COV SERO-POSITIVITY AMONG
CAMEL PASTORALISTS IN KENYA

Peninah M. Munyua', Victor Corman?, Austine Bitek?, Eric
Osoro*, SM Thumbis, Rees Murithi¢, Marc-Alain Widdowson',
Kariuki Njenga®

'Centers for Disease Control and Prevention-Kenya, Nairobi, Kenya,
?Institute of Virology in Bonn, Bonn, Germany, >Zoonotic Disease Unit,
Ministry of Agriculture Livestock and Fisheries, Nairobi, Kenya, “Zoonotic
Disease Unit, Ministry of Health, Nairobi, Kenya, *Washington State
University, Pullman, WA, United States, *Ministry of Agriculture Livestock
and Fisheries, Nairobi, Kenya

High seroprevalence of MERS CoV among camels has been reported in
Kenya and other countries in Africa. To date, the only report of MERS CoV
sero-positivity among humans in Kenya is of two livestock handlers with
no known contact with camels. We assessed whether persons exposed
to seropositive camels at household level had serological evidence of
infection. A total of 798 human and 879 camel sera were collected from
265 households in Marsabit County in 2013. Household data collected
included human and animal demographics, animal ownership and type
of contact with camels. Human and camel sera were tested for antiMER-
CoV IgG using a commercial ELISA test. Human samples were considered
positive if positive on both ELISA and a confirmatory plaque reduction
neutralization test (PRNT). PRNT was not performed on camel samples.
Multivariable logistic regression was used to identify factors associated
with MERS CoV sero-positivity and adjusted odds ratios (aORs) reported.
The median age of persons sampled was 30 years (range 5-90) and 50%
were males. A quarter (197/760) of the participants reported having had
contact with camels defined as milking, feeding, watering, slaughtering
or herding. Of the 798 human sera tested, 18 (2.2%) were positive on
ELISA but negative by PRNT. Of the 879 camels sera tested, 90% (n=791)
were positive. On multivariate analysis, older camels > 4 years and those
raised under nomadic pastoral versus agro-pastoral production system
had significantly increased odds (aOR 21.3; 95% ClI 10.3, 43.6 and

18.5; 95% Cl 7.4, 46.1, respectively) of being sero-positive, while the
number of cattle in the herd and in households that had sold livestock
were associated with decreased odds (aOR 0.9; 95% Cl 0.96, 0.97 and
0.3; 95% Cl1 0.1, 0.9) of being seropositive. Despite high sero-prevalence
among camels, there was no serological evidence of MERS CoV infection
among camel pastoralists in Marsabit County. High seropositivity

among camels suggests that MERS CoV or other closely related virus
continues to circulate in camel herds particularly those raised in nomadic
production systems, and highlights ongoing potential for animal to human
transmission.

REDRAWING THE BOUNDARIES OF KYASANUR FOREST
DISEASE (KFD) IN INDIA- EARLY RESULTS OF GHSA-
SUPPORTED ACUTE FEBRILE ILLNESS SURVEILLANCE

Govindakarnavar Arunkumar’, Shaikh Shah Hossain?, Devadiga
Santhosh’, Sushama Aswathyraj', Nittur Sudheesh', Abdulmajeed
Jazeel’, Jayaram Anup', Prabhu G. Suresha’, Chameettachal
Akhil', Maity Hindol', D'Souza Raiza Giselle’, Sasidharan Pillai
Sabeena', Jagadesh Anitha’, Aithal Anjali', Bhasker Revti’, Kayla F.
Laserson?

"Manipal University, UDUPI, Karnataka, India, *?Centers for Disease Control
and Prevention, New Delhi, India

Kyasanur Forest Diseases (KFD) is a tick-borne flavivirus disease first
described in 1957 from the Shimoga district of Karnataka, India.KFD
detection remained restricted to persons living in the Shimoga forest
region until 2012 when it was identified in Chamarajanagar, 400km away.
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Characteristically, this disease presents as an acute haemorrhagic febrile
illness. In 2014 we initiated hospital-based laboratory-supported acute
febrile illness (AFI) surveillance) at sub-district level sentinel hospitals across
several states to map the aetiology of AFl in general, and KFD in particular.
The project is supported under the Global Health Security Agenda (GHSA).
All admitted AFI patients from June 2014 to March2016 with fever <15
days were enrolled. We recorded the demographic and clinical parameters
of all cases, and tested for bacterial, viral and parasitic diseases, including
leptospirosis, dengue, influenza, scrub typhus, chikungunya, typhoid,
brucellosis, and KFD. Serological and molecular diagnostic assays were
performed, including real-time PCR to detect viral RNA in serum for KFD
confirmation. We enrolled 4693AFI patients from five contiguous Indian
states. Of these, 302 (6.4%) were KFD-positive: Karnataka (98/2970),
Kerala (45/1290), Tamil Nadu (1/29), Goa (143/391), and Maharashtra
(15/15). KFD-positive patients ranged from 5 to 65 years (median age 40
years); 59% were female. Their clinical spectrum included myalgia (89%),
generalized weakness (79%), prostration (22%), nausea (60%), vomiting
(51%), abdominal pain (34%), diarrhea (24%), hemorrhagic fever (2%),
and altered sensorium and or seizures (1%). Of 302 cases, 80% were
living near the forest edge and 84% reported visiting the forest in the last
2 weeks. This study documents that KFD is not restricted to the Shimoga
forest region, and has a more diverse clinical presentation than previously
observed. Further, in our surveillance, we recorded cases without
confirmed forest incursion.AFl platforms, as are being built under GHSA,
are critical for the comprehensive characterization of known pathogens
and may lead to detection of novel pathogens.

RISK FACTORS FOR ACUTE LEPTOSPIROSIS IN NORTHERN
TANZANIA

Michael J. Maze', Shama Cash-Goldwasser?, Holly M. Biggs?,
Matthew P. Rubach?, Renee L. Galloway*, Katrina J. Sharples®,
Kathryn J. Allané, Jo E. Halliday?, Sarah Cleaveland¢, Michael C.
Shandé, Charles Muiririz, Rudovick R. Kazwala’, Wilbrod Sagandag,
Bingileki F. Lwezaula?, Blandina T. Mmbaga®, Venance P. Maro?,
John A. Crump!
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Zealand, *Duke Global Health Institute, Durham, NC, United States,
Division of Infectious Diseases, Duke University Medical Center, Durham,
NG, United States, “Centers for Disease Control and Prevention, Bacterial
Special Pathogens Branch, Atlanta, GA, United States, *Department of
Mathematics and Statistics, University of Otago, Dunedin, New Zealand,
%Boyd Orr Centre for Population and Ecosystem Health, Institute of
Biodiversity, Animal Health and Comparative Medicine, University of
Glasgow, Glasgow, United Kingdom, ’Department of Veterinary Medicine
and Public Health, Sokoine University of Agriculture, Morogoro, United
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Leptospirosis is increasingly recognized as a major cause of febrile illness
in Africa but little is known about risk factors for human infection.
Patterns of sero-reactivity in Tanzania have indicated that livestock may

be important sources of human leptospirosis. To test this hypothesis we
conducted a prospective cohort study of acute leptospirosis in northern
Tanzania. We enrolled pediatric and adult patients with fever from

two referral hospitals in Moshi, Tanzania and performed Leptospira
microagglutination antibody testing on acute and convalescent serum.
Cases were patients who had either a four-fold rise in Leptospira antibody
titers or a single reciprocal titer >800, seropositivity required a single

titer 2100, and controls had titers <100 in both sera. We administered a
standardized questionnaire to assess behaviors over the preceding month.
We calculated odds ratios (OR) for individual behaviors, and combined
behaviors to form exposure scales to livestock, rodents, and surface water.
Of 1,446 patients enrolled from February 2012 through September 2014
the analyzed cohort included 24 (1.7%) cases, 179 (12.4%) seropositive
participants and 592 (40.9%) controls. Among cohort members the
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median (range) age was 26.0 (0.2, 95.3) years and 422 (54.7%) were
female. On bivariate analysis, acute leptospirosis was associated with age
>12 years (OR 7.7, p<0.01), high level of cattle contact (OR 3.3, p=0.05),
feeding cattle (OR 3.9, p=0.02), cleaning cattle waste (OR 4.3, p=0.03),
working in fields (OR 2.9, p=0.02) and rice fields (OR 14.4, p<0.01).
Seropositivity was associated with age >12 years (OR 2.2, p<0.01), Maasai
ethnicity (OR 7.0, p=0.03), high level of cattle contact (OR 1.7, p=0.04),
keeping cattle inside the house (OR 4.7, p=0.04), high level of goat
contact (OR 1.9, p=0.03), slaughtering livestock (OR 1.7, p=0.02), and
working in rice fields (OR 3.9, p=0.01). Behaviors and scales for exposure
to rodents and surface water were not associated with either acute
leptospirosis or seropositivity. Our findings suggest livestock contact and
working in rice fields are important risk factors for leptospirosis in northern
Tanzania.

PRODUCTION FARMS, CLASS-1 INTEGRONS, AND
ANTIBIOTIC RESISTANCE IN E. COLI ISOLATES FROM RURAL
ECUADOREAN CHICKENS AND HUMANS

Kara A. Moser’, Lixin Zhang?, lan Spicknall’, Jason Goldstick?,
Nikolay P. Braykov?, Karen Levy?, Carl F. Marrs', Betsy Foxman',
Gabriel Trueba*, William Cevallos®, James Trostles, Joseph N.
Eisenberg’

"University of Michigan School of Public Health, Ann Arbor, Mi, United
States, “Michigan State University, East Lansing, M, United States, *Rollins
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“Universidad San Francisco de Quito, Quito, Ecuador, *Universidad Central
del Ecuador, Quito, Ecuador, °Trinity College, Hartford, CT, United States

While it is clear that industrial-scale farming operations affect antibiotic
resistance (AbR) in livestock and humans, the extent to which smaller
community-level farming operations impact AbR in surrounding
communities, particularly in developing nations, is poorly described.

We hypothesized that small-scale production operations contribute to
elevated levels of AbR bacterial isolates in livestock and people living

in close proximity to these operations by selecting for genetic mobile
elements such as integrons that allow sharing of resistant gene cassettes
between isolates. To investigate the relationship between community-level
farming, mobile elements, and AbR, we conducted a serial cross-sectional
community-based study collecting E. coli fecal isolates from over 1,000
chickens and humans in rural villages from northern Ecuador. Isolates were
typed for 4 mobile elements using a DNA microarray platform; phenotypic
resistance was assessed for 12 antibiotics using standard disc diffusion
assays. We compared ADbR levels in isolates from production chickens
(broiler and laying hens raised for sale and fed commercial feed containing
antibiotics) to AbR among isolates from household chickens (raised for
domestic use and fed antibiotic-free feed). AbR for all markers was higher
in production chickens compared to household chickens. There was a
significant downward trend in AbR levels across birds from production
operations, household birds in villages with production operations, and
household birds in villages with no production operations, suggesting that
proximity to a production operation can influence AbR in non-production
chickens. In addition, the risk of phenotypic AbR appears to be modified
by the presence or absence of class-1 integrons, suggesting a complex
relationship between the environment, integrons, and AbR. These analyses
(which will be expanded to include humans in houses associated with
production or household chickens) suggest that small-scale production
poultry farming selects for class-1 integrons in both chicken types, which
has important public health implications.
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IDENTIFYING CHALLENGES AND OPPORTUNITIES FOR ONE
HEALTH SYSTEMS STRENGTHENING IN GUINEA
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Aboubacar S. Diakite?, Lamine Koivogui4, Mamady S. Keita®, Seny
Manes, Lise Martel”, Rebecca L. Katz'

'George Washington University, Washington, DC, United States, ?Carlin
Communications, New York, NY, United States, Ministry of Health,
Conakry, Guinea, “Institut National de Santé Publique, Conakry, Guinea,
*Ministry of Environment, Conakry, Guinea, *Ministry of Livestock,
Conakry, Guinea, ’Centers for Disease Control and Prevention, Conakry,
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The recent Ebola virus disease outbreak in West Africa highlighted the
importance of emerging zoonotic diseases, and provided an impetus for
renewed emphasis on “One Health” capacity building with respect to
zoonotic disease control. To guide capacity building efforts in Guinea,
we sought to first identify the existing systems and structures in place for
zoonotic disease control, specifically highlighting existing multi-sectoral
approaches. Adapting our methodology for compatibility with the
Global Health Security Agenda targets, we worked with the government
ministries responsible for human, animal, and environmental health to
identify a list of diseases - rabies, anthrax, brucellosis, viral hemorrhagic
fevers (including Ebola fever, Lassa fever, yellow fever, and Rift Valley
fever), trypanosomiasis and highly pathogenic avian influenza - as the
Government of Guinea’s top priorities. We then used each priority
disease as a case study to identify existing processes for prevention,
surveillance, diagnosis, laboratory confirmation, reporting and response
across all sectors, with an emphasis on examining elements of cross-
sectoral coordination or communication. Results were used to produce
disease-specific systems “maps,” which highlighted commonalities
across all systems, as well as gaps and opportunities. Overall, we
identified five major categories of gaps, each with a corresponding set
of recommendations: 1) Coordination; 2) Training; 3) Infrastructure; 4)
Public awareness; and 5) Research. These recommendations have been
provided to the Government of Guinea to assist with the development of
a One Health strategic plan. Overall, the project demonstrates an effective
methodology for mapping systems and structures for zoonotic diseases,
and the benefit of conducting a baseline review of systemic capabilities
prior to embarking on capacity building efforts.

PARASITES IN THE PARK: AN EPIDEMIOLOGIC STUDY OF
NYC PARKS FOR TOXOCARA SPECIES

Donna L. Tyungu', Carla Lee Lau', Rojelio Mejia?, Henry Pollack!

"New York University, New York, NY, United States, ?National School of
Tropical Medicine, Baylor College of Medicine, Houston, TX, United States

Toxocara species are common pet parasites that can be found in the stool
of dogs and cats. The infective larvae released in the stool survive in soil for
many years and can subsequently be ingested by children who encounter
them in sandboxes or on playgrounds. The CDC lists Toxocariasis as one
of five neglected parasitic infections in the US and states that ‘we urgently
need to know more about who is at risk and how they are affected’. It is
considered a neglected disease of poverty in the US, posing a significant
disease burden in certain groups, remaining largely underdiagnosed.
Infection in humans, paratenic hosts, can lead to visceral or ocular

larva migrans, blindness, and silent brain infection that can diminish
neurological cognition. New York City is pet-friendly, and known for its
sprawling parks and play areas. It has been suggested that certain NYC
neighborhoods may pose a higher risk for Toxocara infection, particularly
in lower socioeconomic and predominately immigrant communities,
although no study of actual Toxocara burden in NYC has been reported.
The goals of this study are to:1)determine the burden of Toxocara in parks
by examining sand/soil in playgrounds, 2) to determine if a disparity exists
in neighborhood distribution, and 3) to explore which species of Toxocara

is more prevalent. To accomplish these objectives multiple samples will

be taken from more than 100 parks and playgrounds and analyzed by
standard flotation and microscopy methods. Species will be identified by
multi-parallel quantitative real-time PCR (qPCR) using specific primers to T.
cati and T. cani. Parasite burden will be calculated. Results will be tabulated
geospatially and correlated with US Census maps of income, housing and
ethnicity. Preliminary results from 10 of 100 sites in this study identified
Toxocara eggs in 40% of samples, suggesting that Toxocara is common

in many play areas. At the conclusion of this project, we hope to provide
the first epidemiologic geospatial survey of Toxocara species in NYC parks
that may be helpful in identifying parks that may pose the highest risk of
Toxocara transmission.

USE OF TRACKING PLATES TO IDENTIFY HOTSPOTS OF RAT
ABUNDANCE IN SLUM COMMUNITIES WITH HIGH ENDEMIC
TRANSMISSION OF LEPTOSPIROSIS

Kathryn P. Hacker', Amanda Minter?, Carolina Almeida?,
Ramon Reinalde?, Mike Begon?, Peter J. Diggle?, James E. Childs',
Mitermayer G. Reis?, Albert |. Ko', Federico Costa?
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At present, there are no effective measures to prevent leptospirosis in
slum environments, where the domestic rat is the primary reservoir. A
critical barrier to mounting rodent control strategies is the lack of reliable
approaches to estimate rat abundance and their distribution in complex
urban settings. We developed a tracking plate method that quantifies

the abundance of rats by identifying rat-specific markings on lampblack-
coated tiles. We used this method to create high-resolution risk maps

for rat abundance by placing tracking plates at 440 spatially randomized
locations in a Brazilian slum community (0.46 km2) with high leptospirosis
infection rates (35.4% Cl, 30.7 - 40.6 per 1,000). We performed
environmental surveys at sampling points and used satellite imagery to
derive spatially relevant covariates. We analyzed the data using an interval-
censored mixed model to evaluate the association between tracking
board metrics and environmental characteristics. Among the 402 (91.4%)
points that were successfully sampled, 173 (43%) had signs of rat-specific
markings. Tracking plate-ascertained rat abundance was associated

with the number of rat burrows (OR 1.32 CI 1.18 - 1.48), rat trails (OR
2.10 Cl 1.8 - 2.62) and sites with rat feces (OR 1.39 CI 1.17 - 1.64). The
distribution and intensity of rat abundance was highly heterogeneous.
Clustering of rat abundance was identified throughout the study site and
generally <20m in diameter. Clusters were associated with domestic areas
(OR 1.47 C11.21 - 1.79) and areas with access to open sewers (OR 2.05
Cl 1.69 - 2.48). Conversely, impervious surfaces (OR 0.55 Cl 0.38 - 0.80)
and increasing distance from flood-prone areas (OR 0.29 C1 0.17 - 0.50)
and public trash dumps (OR 0.74 CI 0.60 - 0.96) were associated with
decreased risk of rat abundance. By using tracking boards to create
high-resolution risk maps, we identified defined environmental features
of slum communities, which predict rat abundance. We also found that
while rat abundance is high, there is marked spatial heterogeneity in the
microenvironment, which may offer an opportunity for targeted rodent
control for leptospirosis.
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FRACTION OF ALL UNDER FIVE DEATHS CAUSED DIRECTLY
OR INDIRECTLY BY MALARIA IN SUB-SAHARAN AFRICA
FROM 2000-2015

Donal Bisanzio', Bonnie Mappin?, Harry S. Gibson', Samir Bhatt’,
Daniel J. Weiss', Ewan Cameron’, Ursula Dalrymple’, Peter W.
Gething'

'Oxford University, Oxford, United Kingdom, “University of Queensland,
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Malaria cases have declined in sub-Saharan Africa due to the scale-up of
interventions, and a consistent reduction in child mortality since 2000 has
been recorded. In order to quantify the effect of malaria interventions

on child mortality rates, we estimated the proportion of all-cause deaths
attributed to malaria by direct and indirect causes. A detailed dataset of
978253 birth histories was assembled using cross sectional household
surveys. The dataset included information on social and health factors.
Birth history data were merged with Plasmodium falciparum prevalence
rates and environmental and socioeconomic covariates obtained by remote
sensing. Bias analysis was applied to identify confounders and effect
modifiers among social and health covariates. A spatio-temporal hazard
model was applied to estimate the relative risk of malaria for the surveyed
communities. A structured additive regression (STAR) model was applied to
generate a risk map for sub-Saharan Africa. The results of the STAR model
were used to estimate the proportion of all-cause under 5 deaths due to
malaria as direct and indirect cause at country level from 2000 to 2015.
The proportion of all-cause deaths linked with malaria reduced drastically
from 2000 to 2015. The reduction was more marked in Western and
South Africa than in Central and Eastern Africa. Countries which have
increased artemisinin-based combination treatments for children with
non-complicated malaria showed a marked reduction of child deaths.

The estimates of under 5 deaths indirectly or directly caused by malaria
were higher than those calculated for malaria as direct one-cause-one
death. The reduction of malaria transmission had significant impact on
child mortality rates. The number of lives saved by the scale-up of malaria
interventions was higher than previously estimated.

THE DISTRIBUTION OF DHPS MUTATIONS IN AFRICA
AND THEIR ASSOCIATION WITH DRUG PRESSURE AND
TRANSMISSION INTENSITY

Lucy Okell', Inbarani Naidoo?, Cally Roper?
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Unit, Medical Research Council, London, South Africa, *London School of
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Sulphadoxine-pyrimethamine (SP) was formerly widely used as a first-line
treatment for Plasmodium falciparum, and continues to be important

for prevention of malaria in pregnant women and children. Parasite
mutations which confer resistance to SP spread earlier and more rapidly
in some areas than others. Understanding why some areas are vulnerable
to resistance could help inform surveillance and resistance prevention,
and assess whether currently available data are sufficient to identify areas
at risk. Here, we updated a systematic review on the K540E and A581G
mutations in the dhps gene in Africa to 2016, previously completed in
2011. We geolocated each estimate, and linked each resistance data
point with data from the same area and time, where available, on (a)
slide prevalence, using Malaria Atlas Project estimates, and (b) SP use
amongst febrile under five year olds, and coverage of intermittent
preventive treatment in pregnancy (IPTp) from Demographic & Health
Surveys and MICS Surveys, as well as SP market share from ACTWatch.
Associations between resistance, drug pressure and transmission intensity
were analysed using weighted regression. The systematic review resulted
in 362 estimates of the prevalence of K540E and 220 A581G. In East
Africa, the prevalence of both mutations generally increased or remained
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high, despite the end of first-line SP treatment policies. Here, the A581G
emerged in locations where the prevalence of K540E was >50%. In West
Africa, the K540E prevalence still did not reach levels as high as East
Africa. In some sites where it emerged, later surveys no longer detected

it. However, here the A581G mutation occurred when K540E was absent.
We found a strong association between SP drug use in under-fives

and K540E prevalence (p<0.001), but not A581G prevalence. Neither
mutation was associated with IPTp coverage, nor SP market share data,
nor transmission intensity. We are currently adding further covariates to
the analysis, including age, presence of symptoms, and cotrimoxazole use.
Our analysis could help inform surveillance for SP resistance mutations and
potentially future emergent strains resistant to other antimalarials.

PLASMODIUM FALCIPARUM AND P. VIVAX GAMETOCYTE
CARRIAGE IN SOUTH AMERICA, ASIA AND THE SOUTH
PACIFIC

Cristian Koepfli', Eline Kattenberg?, Wang Nuitragool?, Andrea
Kuehn®, Andreea Waltmann', Maria Ome-Kaius?, Ingrid Felger®,
Jetsumon Sattabongkot?, Marcus Lacerda®, Leanne Robinson?, Ivo
Mueller!

"Walter and Eliza Hall Institute, Parkville, Australia, ?PNG Institute of
Medical Research, Madang, Papua New Guinea, *Mahidol University,
Bangkok, Thailand, “Fundacdo de Medicina Tropical Dr. Heitor Vieira
Dourado, Manaus, Brazil, >Swiss Tropical and Public Health Institute, Basel,
Switzerland

Reducing human-to-mosquito transmission is crucial to control and
eliminate malaria, yet not everybody infected is infective to mosquitos.

To identify those contributing most to transmission, cross-sectional
surveys of the general population were conducted in Brazil, Thailand,
Papua New Guinea and Solomon Islands, including 18,979 individuals.
Plasmodium falciparum and P vivax were diagnosed using microscopy
and highly sensitive qPCR assays. Over 80% of individuals were
asymptomatic, yet they accounted for 84% of P falciparum and 86% of
P vivax gametocyte carriers. Blood-stage parasite density was the main
predictor for gametocyte positivity in all surveys. Each 10-fold increase in
parasite density resulted in a 1.5-fold and 3.9-fold increase in the odds

of P falciparum and P vivax gametocyte positivity. For P vivax a close
correlation between parasite and gametocyte densities was found. By
microscopy asexual stages and/or gametocytes were detected in 37-72%
of individuals positive for P falciparum gametocyte by RT-qPCR, and in
42-91% of P vivax gametocyte carriers. Across all surveys, 95-99% of the
total gametocytes biomass was found in microscopy positive samples, with
no apparent correlation between transmission level and the proportion
gametocyte carriers identified by microscopy. Microscopy is thus a
valuable tool to identify asymptomatic infections contributing to malaria
transmission. While in high transmission settings a large proportion of

all gametocyte carriers and 85-99% of all gametocytes were found in
children below 6 years, gametocytes were evenly distributed across all ages
in low transmission settings. This suggests that interventions to reduce
transmission in high transmission areas will have the greatest effect when
targeted towards children, but in order to achieve elimination in low
transmission settings individuals of all ages must be targeted.
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DIABETES AND OBESITY AS RISK FACTORS FOR SEVERE
MALARIA: AN OBSERVATIONAL STUDY OF COMORBIDITIES
IN PLASMODIUM FALCIPARUM CASES DIAGNOSED IN
SWEDEN OVER 20 YEARS
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Saddudin', Pontus Naucler', Anna Farnert?
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Non-communicable diseases and obesity are increasing global health
problems, also in malaria endemic countries. The impact of these
conditions on the severity of malaria needs to be established. The aim

of this study was to assess if comorbidity, in terms of chronic diseases
and obesity, is associated with severe malaria in adults with Plasmodium
falciparum. Patients aged >18 years with P falciparum malaria diagnosed
at multiple sites throughout Sweden 1995-2015 were included in

the study. Medical records were retrospectively reviewed regarding
demographics, travel history, clinical presentation, weight, height, and
comorbidity. Severe malaria was defined according to WHO criteria

and hyperparasitaemia >5%. Obesity was defined as body mass index
(BMI) =30, according to WHO classification. Data was analysed using
multivariable logistic regression models. 937 patients with R falciparum
malaria were included in the study, 547 (58.4%) originated from endemic
countries in Sub-Saharan Africa and 388 (41.4%) from non/low endemic
countries. In total, 92 patients fulfilled the criteria of severe malaria, of
which 22 (23.9%) had at least one comorbidity included in the Charlson
Comorbidity Index compared to 84 (9.9%) among non-severe cases

(p <0.001). Age, health care delay, origin in non/low endemic country,
diabetes, hypertension, cardiovascular disease, HIV and BMI >30 were
associated with severe malaria in univariable analyses. In multivariable
analysis adjusted for age, health care delay, patient origin and HIV,

both diabetes and obesity were associated to severe malaria. Patients
with obesity together with another metabolic risk factor (hypertension,
dyslipidaemia or diabetes) had an even more pronounced risk of severe
malaria in adjusted analysis. In conclusion, diabetes and obesity were
independently associated with an increased risk of severe malaria in adults
diagnosed with P, falciparum in Sweden. These metabolic comorbidities
need to be considered in the acute management and prevention of
malaria in adults. Moreover, their role in human malaria pathology needs
to be further investigated.

THE DESCRIPTIVE EPIDEMIOLOGY OF PEDIATRIC SEVERE
MALARIAL ANEMIA IN MALI AND TANZANIA

Elizabeth B. Brickley’, Angela M. Wood?, Edward Kabyemela?,
Alassane Dicko?, Michal Fried®, Patrick Duffys

'Geisel School of Medicine at Dartmouth College, West Lebanon, NH,
United States, “University of Cambridge, Cambridge, United Kingdom,
*Muheza Designated District Hospital, Muheza, United Republic of
Tanzania, *“Malaria Research and Training Centre, University of Bamako,
Bamako, Mali, *Laboratory of Malaria Inmunology and Vaccinology,
National Institute of Allergy and Infectious Diseases, Rockville, MD, United
States

Severe malarial anemia, defined as hemoglobin <5 g/dL in the presence
of a Plasmodium falciparum infection, is the most common manifestation
of severe malaria among young children in regions with very high malaria
transmission. However, basic questions persist about the natural history
of this profound anemia and the factors that contribute to an individual’s
risk of developing this syndrome during malaria infections. Drawing on
birth cohort data collected from over 75,000 study visits with 880 children
in the Mother Offspring Malaria Studies Project (2002-2006) in Muheza,
Tanzania, and 1647 children in the Malaria Research and Training Centre-

Laboratory of Malaria Immunology and Vaccinology Immuno-Epidemiology
Observational Study (2010-2016) in Ouélessébougou, Mali, we aimed to
describe in detail the epidemiology and pathogenesis of severe malarial
anemia in early life. While severe malarial anemia occurred at older

ages in the seasonally endemic Malian study site (median (IQR): 63 (39,
100) weeks) than in the perennially endemic Tanzanian setting (median
(IQR): 34 (29, 52) weeks), these data suggest that the pathogenesis of
malarial anemia is largely conserved across transmission settings. \We will
present data describing the associations between severe malarial anemia
risk and parasite density, baseline hemoglobin levels, and bioavailable
iron in early life. We will also use individual case data to illustrate that,
although a subset of cases arise from gradually declining hemoglobin
profiles associated with repeated infections, severe malarial anemia more
commonly presents as an acute drop in hemoglobin. From a public health
perspective, these findings reinforce the value of campaigns designed to
interrupt malaria transmission and to reduce high density infections.

TRAVEL PATTERNS AND DEMOGRAPHIC CHARACTERISTICS
OF MALARIA CASES: THE CASE STUDY OF SWAZILAND,
2010-2014

Nomcebo Dlamini', Natalia Tejedor-Garavito?, Deepa Pindolia,
Adam Soble?, Nick Ruktanonchai?, Victor Alegana?, Arnaud Le
Menach®, Nyasatu Ntshalintshali4, Bongani Dlamini¢, David Smithe,
Andrew Tatem?, Simon Kunene*

'National Malaria Control Programme, Swaziland, Mbabane, Swaziland,
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Access Initiative, Mbabane, Swaziland, >Clinton Health Access Initiative,
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As Swaziland gets closer to its 2018 national elimination goal, importation
of parasites into receptive areas becomes increasingly important; imported
infections have the potential to instigate local transmission and sustain
local parasite reservoirs. Travel history (reported travel in the last 8 weeks)
from Swaziland's routine surveillance data from 2010 to June 2014 was
extracted to describe and compare travel patterns of RDT-confirmed index
cases (identified passively) to travel patterns of individuals that tested
negative (during re-active case detection, where the contacts in the vicinity
of an index case within receptive areas were tested). Reported destinations
of travel were geo-located to the smallest administrative boundary
possible. Of 1,517 confirmed index cases 67% reported travel history,
whilst 105 (1%) of the 9,859 contacts screened during the reactive case
detection were RDT positive. 876 index cases travelled internationally. The
proportion of index cases reporting travel history increased by year with

a 48% increase per annum for international travel and 27% increase for
travel within Swaziland. 25% of screened contacts reported international
travel, of which 22% tested positive for malaria. Mozambique was the
most likely travel destination of positive individuals, with Maputo City,
Inhambane and Gaza being the most likely destinations in Mozambique.
97% percent of RDT positive international travellers were either Swazi
(52%) or Mozambican (45%), however Swazis were more likely to test
negative. All international travellers were unlikely to have a bed net at
home or use protection while travelling. 84% of the 755 males and

60% of the 440 females that travelled abroad tested positive. Overall,

24 to 45 year olds were most likely to report travel. Additionally, paths

of transmission, important border crossings and means of transport were
identified. Results from this analysis can be used to direct national and well
as cross-border targeting of interventions, over space, time and by sub-
population. Collaboration between neighbouring countries is needed to
tackle the importation of malaria at the regional level.
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PLASMODIUM KNOWLESI MALARIA IN CHILDREN IN
MALAYSIA: NO SEVERE DISEASE DESPITE AN INCREASED
RISK OF ANAEMIA COMPARED TO ADULTS

Matthew J. Grigg', Timothy William?, Bridget E. Barber’, Giri S.
Rajahram?, Jayaram Menon?, Christopher S. Wilkes', Kaajal Patel’,
Arjun Chandna', Christopher J. Drakeley?, Tsin W. Yeo', Nicholas
M. Anstey’

'Menzies School of Health Research and Charles Darwin University,
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- Clinical Research Centre Queen Elizabeth Hospital, Kota Kinabalu,
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Plasmodium knowlesi is now the most common cause of malaria in
Malaysia, but prospective studies describing the clinical spectrum have
only detailed adult disease. In our prospective study (2012-ongoing) at 3
district hospitals in Sabah, Malaysia, previously untreated, non-pregnant
patients of any age hospitalised with PCR-confirmed malaria includes: 500
P knowlesi (49 [9.8%] children <12 yrs), 204 P, vivax (83 [40.7%] children),
103 P, falciparum (33 [32%] children), 26 P malariae, 1 mixed Pk/Pf and

1 mixed Pv/Pf. Preliminary data include a lower baseline parasite count

for P knowlesi malaria patients (median 2480/uL, IQR 538-8481) than

P falciparum (9600/pL [IQR 1446-25440]; p<0.001), and P, vivax (3882/
L, [1454-9608]; p=0.016). Parasite counts were higher in adults with

P knowlesi compared to children (median 2800 vs. 1535/uL; p=0.019).
Anaemia (WHO criteria) was present in 32% (95%CI 27-36) of adults

vs. 81% (95%Cl 70-93) of children with knowlesi malaria (p<0.001);
comparable to that seen in children with P vivax (82%; p=0.948) or P
falciparum (76%; p=0.551). Acute kidney injury (AKIN criteria and/or
creatinine >132mmol/L) was found in 26% (95% Cl 22-30) of those with
P knowlesi malaria including 111/437 (25%) of adults and 13/46 (26%)
of children (p=0.673). There was a higher prevalence of acute kidney
injury in children with P knowlesi malaria (26 %) compared to P vivax
(12.5%; p=0.027) but not P falciparum (30.3%; p=0.844). Severe malaria
(modified WHO 2010 criteria) was present in 6.4% (95%Cl 2.4-9.6%)

of those with P knowlesi overall: 32/451 (7.1%) in adults but none in
children. In comparison, severe disease was seen in 6/204 (2.9%; p=0.065)
with P vivax and 4/103 (3.9%; p=0.326) with P falciparum. There were no
treatment failures in knowlesi malaria patients seen at 28 days. There was
one P knowlesi malaria death, an adult (age 62) with delayed parenteral
artesunate due to misreported hyperparasitaemia. Overall P knowlesi
malaria predominantly affected adults, and while anaemia was more
common in children, parasitemia was lower and severe disease was not
seen.

ASSESSMENTS OF WILDLIFE RESERVOIRS OF
TRYPANOSOMA CRUZI AND THEIR INTERACTIONS WITH
TRIATOMINE VECTORS ACROSS TEXAS

Sarah A. Hamer, Rachel Curtis-Robles, Carolyn L. Hodo, Gabriel
L. Hamer

Texas A&M University, College Station, TX, United States

Despite the importance of various wildlife species for perpetuating
Trypanosoma cruzi, agent of Chagas disease, in nature, little is known
about the relationship between infection and cardiac disease in wildlife,
or the relative importance of wildlife species for feeding bugs. Using a
cross-sectional study design, we collected cardiac tissue and blood from
potential T. cruzi reservoirs across Texas, a state with widespread endemic,
infected triatomines. Target species included migratory bats, nuisance rats
(Rattus rattus), feral swine (Sus scrofa), and hunter-harvested predators
including raccoon (Procyon lotor), coyote (Canis latrans), gray fox (Urocyon
cinereoargenteus), and bobcat (Lynx rufus). Concurrently, we collected
triatomines from regions of wildlife trapping and through a statewide
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citizen science campaign. Wildlife samples were tested for T. cruzi and
parasite lineage was ascertained from the TcSD5D gene sequence. Vector-
host interactions were determined using a bloodmeal analysis to amplify
the vertebrate cytB gene in bug hindguts. No rats (n=152), a single bat
(n=593), 5.6% of feral swine (n=54), 13.8-14.3% of bobcats, coyotes,
and foxes (n=156), and 70% of raccoons (n=70) were infected with T.
cruzi. The bat harbored lineage Tcl, whereas TclV was found in all raccoons
that were typed. Although a histologic survey of right ventricles showed
21.1% of PCR-positive raccoons had mild lymphoplasmocytic infiltration,
no other lesions were observed in raccoons, and none of the positive

pigs showed cardiac pathology, suggesting infection is associated with
minimal cardiac disease in these species. Diverse wildlife species were
identified as bloodmeal hosts in an analysis of 76 bugs, including rats,
raccoons, rabbits, feral swine, squirrel, fox, skunk, opossum, deer, and
toads, but the majority of hosts were dogs (50%) and humans (22.4%),
likely reflecting the nature of bugs encountered in the citizen collection
program. Characterization of the robust sylvatic transmission cycles of T.
cruzi combined with analyses of local triatomine feeding patterns will lead
to ecological interventions to reduce Chagas disease risk.

LEISHMANIA INFANTUM PARASITEMIA IN ASYMPTOMATIC
BLOOD DONORS IN AN ENDEMIC REGION OF NORTHEAST
BRAZIL
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Leishmania infantum causes fatal visceral leishmaniasis (VL), but a majority
of infections are asymptomatic. Transmission by blood transfusion

has been documented in Europe, but the potential impact of L.

infantum in blood donations in Latin America has not been assessed. We
hypothesized that blood donations contaminated with L. infantum would
be found at the blood bank serving Natal, northeastern Brazil, a city with
a high prevalence of periurban L. infantum infection. Blood donations
were examined for occult Leishmania infection in the Natal blood

center. Three-hundred blood units initially rejected on the basis of positive
screening for pathogens including T. cruzi or insufficient volume, and

254 samples from routine blood donors were assessed for Leishmania by
culture, gPCR, and serology (ELISA). Remarkably, 18 of 300 (4%) rejected
blood units were culture positive for L. infantum. gPCR was positive for
Leishmania in 8.7%, and 22% were seropositive for Leishmania. Anti-
Leishmania antibody levels correlated with Leishmania load by qPCR. Of
the 254 blood samples that tested negative for other pathogens, 28.4%
were seropositive for Leishmania, 7.7 % were qPCR positive and one

was culture positive. T. cruzi ELISA detected only 14/18 culture positive,
38/107 seropositive, and 22/37 gPCR positive donations. In conclusion,
asymptomatic Leishmania infantum infections are associated with infected
blood donations in northeastern Brazil. DNA testing by gPCR seemed the
most sensitive and specific donor screening method. Serological assays
for T cruzi detected many but not all of the Leishmania-infected donors,
likely due to cross-reacting antibodies and/or dual infections. The data
suggest a need to screen blood donations for L. infantum in residents of,
and immigrants from endemic regions.
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CUTANEOUS AND MUCOCUTANEOUS LEISHMANIASIS
IN INTERNATIONAL TRAVELERS: RESULTS FROM THE
GEOSENTINEL SURVEILLANCE NETWORK
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Due to increasingly exotic travel, displacement of migrant populations,
and expanding vector ranges, cutaneous leishmaniasis (CL) is emerging
among international travelers and migrants, and limited data exist

on mucocutaneous leishmaniasis (MCL) in travelers. We describe the
epidemiology of travel-associated CL and MCL among international
travelers and immigrants over an 8-year period through descriptive analysis
of GeoSentinel data. Demographic and travel-related data on returned
international travelers diagnosed with CL or MCL at a GeoSentinel
Surveillance Network site between March 15, 2007 and August 31,
2015, were analyzed. Eight-hundred, twenty-eight returned travelers

or new immigrants were diagnosed with CL or MCL during the study
period, 824 (99.5%) of which were travel-acquired. Of travel-acquired
cases, immigrants accounted for 8% (n=66). For all non-immigration
travelers, the most common source countries were Bolivia (=150, 19.8%)
and Costa Rica (n=89, 11.7%), while for new immigrants, they were
Afghanistan (n=18, 27.3%) and Syria (n=15, 22.7%). Eighty-one travelers
(9.8%) acquired their disease on trips of <2 weeks. Species identification
was available for 218 cases (26.5%). Leishmania Viannia braziliensis

was the most well represented strain (n=93, 45.6%), followed by L.
major (n=31, 15.2%), and L. V. panamensis (n=27, 13.2%). Thirty-five
cases of MCL occurred, most of which were in tourists (n=26, 74.3%)
and acquired in Bolivia (n=16, 45.7%). CL is predominantly a disease

of tourist travelers to areas such as Bolivia where risk of acquiring L. V.
braziliensis and subsequent MCL is high. That many travelers acquired
their illness on trips lasting <2 weeks challenges the common notion

that CL is a disease of prolonged travel. New immigrants from areas of
conflict and political instability, such as Afghanistan and Syria, were well
represented, suggesting that as mass migration of refugees continues, CL
will be increasingly encountered in intake countries. Initiatives to enhance
awareness and assure adequate resources for diagnosis and management
of leishmaniasis are needed.

ASSOCIATIONS BETWEEN PARASITOLOGICAL AND
SEROLOGICAL INDICATORS OF INFECTION AND THE
DEVELOPMENT OF CLINICAL VISCERAL LEISHMANIASIS IN
ETHIOPIA

Asrat Hailu', Laura Skrip?, Oscar Kirstein?, Welelta Shiferaw?,
Shewaye Belay*, Aysheshm Kassahun', Asrat Bezuneh', Habtamu
Belete!, Alison Galvani2, Charle Jaffe3, Alon Warburg?, Amit
Huppert®

'Addlis Ababa University, Addis Ababa, Ethiopia, ?Yale School of Public
Health, New Haven, CT, United States, The Hebrew University of
Jerusalem, Jerusalem, Israel, “Mekele University, Mekele, Ethiopia, *The
Gertner Institute for Epidemiology and Health Policy Research, Ramat Gan,
Israel

Visceral leishmaniasis (VL) is a vector-borne parasitic disease that results
in 40,000 deaths annually. In East Africa, human infection by Leishmania
donovani occurs via anthroponotic transmission, while the role of
zoonotic routes remains unclear. Increased risk for VL is associated with
malnutrition, male sex, and animal ownership. A recent upsurge in case
counts and spatial spread of the disease in Ethiopia have demonstrated
the need for more effectively implemented control policies. Data from

a prospective cohort study conducted between 2011-2013 in northern
Ethiopia provided longitudinal distributions of infection intensities
(assessed by qPCR) and rates of seropositivity (assessed by direct
agglutination test, DAT). Multivariate logistic regression with model
selection allowed for evaluating independent risk factors for L. donovani
exposure, seropositivity, and development of clinical VL. At baseline,
14.1% of 4,722 individuals had >0 parasites per ml of blood and 3.3%
were seropositive at DAT titers >1:800. Despite similar distributions of
infection intensity to females, males were significantly more likely to be
seropositive during the study (6.8% vs 3.6%, P<0.001). After adjustment
for age and body mass index, seropositivity was associated with infection
intensities >100 parasites per ml blood. Seventy-five incident VL cases
were recorded during the study period. Progression to clinical disease
was significantly related to male sex (OR: 1.68, 95% Cl: 1.01, 2.80), DAT
positivity (OR: 4.60, 95% Cl: 2.25, 9.41) and high infection intensity,
specifically 101-1000 parasites per ml blood (OR: 4.67, 95% Cl: 1.80,
12.13). Significantly increased odds of infection, seropositivity, and clinical
disease were associated with having a seropositive household member.
Simultaneous seropositivity and high infection intensity were significantly
associated with progression to clinical VL. Males tended to exhibit these
risk factors more than females. Identifying people with DAT titers >1:800
and then performing routine gPCR to determine the subset with high
infection intensity could be a strategy for targeted intervention.

PROGRESSION AND MORTALITY RATES FOR MODELLING
THE BURDEN OF CHAGAS DISEASE

Zulma Cucunub4, Pierre Nouvellet, Omolade Okuwoga, Lesong
Conteh, Maria-Gloria Basanez

Imperial College London, London, United Kingdom

Accurate estimates of morbidity and mortality due to Chagas disease

are needed to improve burden of disease evaluations. For parasitic
infections, disease burden models link infection frameworks with
associated morbidity (sequelae) and mortality, a much needed area of
research for a better understanding of the impact and cost-effectiveness
of control interventions. Such modelling efforts require elucidating the
relationship between infection and disease as well as its rigorous and
robust parameterisation. A systematic review was conducted to identify
observational (longitudinal) studies comparing disease progression and
mortality rates in populations with and without Chagas disease. Literature
databases were searched without restrictions on publication language or
date; 8,935 potentially relevant references were screened. Information on
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selected papers was extracted and analysed using a random-effects model
for both disease progression and mortality rates. The results of a previously
developed force-of-infection model (for Colombia), yielding incidence

and prevalence trends were linked to the progression and mortality rates
thus quantified. This disease model was used to calculate the Disability
Adjusted Life Years (DALYs) attributed to Chagas disease in Colombia. For
assessment of progression rates, 19 studies were selected which provided
49,792 patient-years of follow-up. The general progression rate was 2%
per year (95%Cl: 1.7-3.4). For mortality rates, 25 studies were selected,
providing data on 53,346 patient-years of follow-up, and 2,739 events.
Pooled estimates revealed that Chagas disease patients have significantly
higher annual mortality rates (AMR) compared with non-Chagas disease
patients (0.18 vs. 0.10; RR=1.74, 95 % Cl 1.49-2.03). The application of
these progression and mortality rates to burden of disease models allows
us to estimate figures and burden metrics by clinical stage. A more refined
analysis would allow us to estimate progression to megaesophagous,
stroke and other outcomes.

DEFINITIONS AND FEASIBILITY OF ELIMINATION OF
VISCERAL LEISHMANIASIS

Epke Le Rutte’, Lioyd A. Chapman?, Luc E. Coffeng’, Sarah
Jervis?, Graham F. Medley?, Deirdre T. Hollingsworth?, Sake J. de
Vlas'
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Visceral leishmaniasis (VL) is the second deadliest parasitic disease globally
and has been targeted by the WHO for elimination and control by 2020.
Two separate modeling approaches have been used to look into the
feasibility of reaching the targets with current intervention strategies.
‘Elimination of VL as a Public Health problem’, the target for the Indian
subcontinent, is predicted feasible in low and medium endemic regions
with optimal implementation of interventions. However, highly endemic
areas and regions with suboptimal interventions are likely not to achieve
the target on time and will require additional efforts. ‘Elimination of
Disease’, the target for the rest of the world, can be achieved by more
regular serology testing, to identify which individuals are likely to develop
clinical symptoms, so that they can be treated promptly. This should
reduce the intensity of transmission and could lead to ‘Elimination of
Transmission’. The remaining knowledge gaps in the disease dynamics of
VL, such as the contribution of asymptomatic individuals to transmission,
present a challenge to reaching and sustaining the elimination targets.

VISCERAL LEISHMANIASIS IN THE INDIAN SUBCONTINENT:
HOW MUCH DO ASYMPTOMATICS CONTRIBUTE TO
TRANSMISSION AND HOW DOES TRANSMISSION DECREASE
WITH DISTANCE FROM A CASE?

Lloyd Chapman', Rajib Chowdhury?, Caryn Bern?, Orin
Courtenay’, Graham Medley*, Deirdre Hollingsworth'

"University of Warwick, Coventry, United Kingdom, ?KalaCORE
Programme, Dhaka, Bangladesh, *University of California San Francisco,
San Francisco, CA, United States, “London School of Hygiene & Tropical
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A key unknown in the transmission of visceral leishmaniasis is how much
asymptomatically infected individuals contribute to transmission. Since
they significantly outnumber individuals who develop clinical symptoms
(by 4-10 times in the Indian subcontinent) and are often infected for a
long period, they may contribute substantially to transmission even if
their relative infectivity to sandflies is low. This has important implications
for attempts to control and eliminate the disease, as there is currently no
safe treatment for asymptomatic infection, and interventions are focussed
on reducing transmission through rapid diagnosis and treatment of
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symptomatic cases combined with indoor residual spraying of insecticide
in endemic areas. Efforts to determine the infectivity of asymptomatic and
symptomatic individuals via xenodiagnostic trials are ongoing, but these
critical parameters are not known. Another unknown factor that has major
implications for control is how the risk of transmission varies with distance
from infectious individuals. This is key to determining whether responsive
insecticide spraying strategies, in which houses within a certain radius of
an index case are sprayed, will reduce transmission. To start to address
these questions we have developed an individual-based spatiotemporal
model of visceral leishmaniasis transmission and fitted it to detailed
epidemiological and serological data from three highly endemic villages in
Bangladesh to estimate the infectivity of asymptomatic individuals and the
spatial kernel of transmission. Using Bayesian MCMC methods we have
been able to account for the unknown times of infection of asymptomatic
and symptomatic individuals, variation in infected individuals’ infectivities
over time, and potential false positives from serological tests. Our results
suggest that the contribution of asymptomatic individuals to transmission
in this highly endemic setting was small compared to that of individuals
with clinical VL, and that the risk of infection was greatest for individuals
within 40m of a VL case within 6 months of their onset of symptoms.

DOES ARTIMISININ BASED COMBINATION THERAPY
INFLUENCE MOSQUITO FITNESS AND HOST-SEEKING
BEHAVIOR?

Jetske de boer, Annette Busula, Willem Takken
Wageningen University, Wageningen, Netherlands

Artemisinin-based combination therapy (ACT) is recommended against
malaria in many endemic areas, and thus widely used. Surprisingly little
is known about the effect of ACTs on mosquitoes that transmit malaria
parasites. Our objectives were to (1) determine whether ACTs have a
direct impact on mosquito fitness when added to the bloodmeal, and

(2) evaluate whether ACTs influence mosquito host-seeking behavior by
changing the intrinsic attractiveness of human skin odor. Our study was
done with Anopheles gambiae s.I., which is the main vector of malaria

in sub-Saharan Africa. Mosquitoes that were fed on blood with ACT
survived equally long as mosquitoes fed on control blood. ACT-fed and
control mosquitoes also laid equal numbers of eggs, thus fitness was

not affected by the treatment. To investigate host-seeking behavior of
mosquitoes, adult malaria-free men were given a treatment dose of an
ACT, and skin odor was collected on nylon socks before, during and three
weeks after treatment. A screenhouse choice test showed no preference
of An. gambiae females between socks worn by the same person before,
during or after ACT-treatment. Relative attractiveness of nylon socks to
An. coluzzii in a dual-choice olfactometer was also not influenced by ACT-
treatment although mosquitoes appeared to be more responsive to skin
odor collected three weeks after ACT-treatment. We conclude that ACT-
treatment does not affect fitness and host-seeking behavior of malaria
mosquitoes. Our results are important in light of possible transmission of
gametocytes from ACT-treated people to malaria vectors.
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UNEXPECTEDLY LOW HUMAN BLOOD INDEX ASSOCIATED
TO HIGH PLASMODIUM SPOROZOITE RATES IN ANOPHELES
GAMBIAE COMPLEX SPECIES FROM A LLIN-PROTECTED
VILLAGE IN BURKINA FASO

Marco Pombi', Maria Calzetta?, Wamdaogo M. Guelbeogo?,
Emiliano Mancini4, N'Fale Sagnon?, Hilary Ranson®, Alessandra
della Torre2

'Dip. Sanita Pubblica e Malattie Infettive - Universita di Roma “Sapienza”,
Rome, Italy, 2Dip. Sanita Pubblica e Malattie Infettive - Universita di Roma,
Rome, Italy, *Centre National de Recherche et Formation sur le Paludisme,
Ouagadougou, Burkina Faso, “Dipartimento di Scienze - Universita Roma
Tre, Rome, Italy, *Liverpool School of Tropical Medicine, Liverpool, United
Kingdom

The global effectiveness of long-lasting insecticidal nets (LLINs) in

reducing malaria transmission is indisputable. However, in areas where
malaria transmission levels are extremely high, substantial reductions

in transmission intensity only led to a modest reduction in human
parasitaemia. A paradigmatic case is represented by Burkina Faso where,
after a few years of mass distribution of LLINs, the burden of malaria

has not significantly changed as highlighted by WHO Country statistics
and statistical bureau of Burkina Faso. We here report the results of a
longitudinal survey on host choice and Plasmodium sporozoite rate (SR) in
malaria vectors belonging to Anopheles gambiae complex in a rural village
of Burkina Faso where LLINs were broadly distributed the year before the
sampling (August - November 2011). The human blood index (HBI) was
18.8% (N=112) and 8% (N=75), in An. coluzzii and An. arabiensis, the
two most abundant malaria vectors in the area. These values are much
lower than usually reported particularly for An. coluzzii, which is known
as a highly anthropophilic species, but consistent with the hypothesis that
LLINs reduced the availability of human hosts to mosquitoes. Unexpectedly,
Plasmodium sporozoite rates (An. coluzzii: 7.6%, N=449; An. arabiensis:
5.2%, N=229) were found to be in the range of those reported in

the region before LLIN implementation when much higher HBIs were
observed. This suggests that, despite LLINs have significantly reduced
human/vector contact, this has not apparently yielded to a substantial
reduction of mosquito infection rates. Further investigations are needed
to confirm these results; however, they are fully consistent with the lack of
effectiveness of LLINs in stemming malaria transmission in the study area.

THE WMEL STRAIN OF WOLBACHIA REDUCES
TRANSMISSION OF ZIKA VIRUS IN AEDES AEGYPTI

Matthew T. Aliota’, Stephen A. Peinado’, Ivan Dario Velez?,
Jorge E. Osorio’

"University of Wisconsin Madison, Madison, WI, United States, ?Programa
de Estudio y Control de Enfermedades Tropicales (PECET), Medellin,
Colombia

Zika virus (ZIKV) is an arbovirus that belongs to the family Flaviridae.

It currently is causing an explosive outbreak of febrile disease in the
Americas. During the current outbreak, a causal relationship has been
established between prenatal ZIKV infection and microcephaly and other
serious brain anomalies. Most human cases around the globe result from
ZIKV emergence into a human-mosquito cycle involving Aedes aegypti
and/or other urban or peri-urban Aedes species. Despite the continued
spread of the virus, there remain no effective antiviral therapies or licensed
vaccines. Thus, with its continued invasion of the new world, the only
tools presently available to combat Zika target mosquito populations,
mostly with insecticides and larval source reduction. But, these strategies
have not prevented invasion of this virus into new locales and have not
been adequate to control the virus upon arrival. A promising candidate
for arbovirus control and prevention relies on the introduction of the
intracellular bacterium Wolbachia into Ae. aegypti mosquitoes. This

primarily has been proposed as a tool to control dengue virus transmission;
however, evidence suggests Wolbachia infections confer protection for Ae.
aegypti against chikungunya virus as well. Although this approach holds
much promise for limiting virus transmission, at present our understanding
of the ability of ZIKV to infect, disseminate, and be transmitted by wMel-
infected Ae. aegypti currently being used at Wolbachia release sites is
unknown. Using Ae. aegypti infected with the wMel strain of Wolbachia
that are being released in Medellin, Colombia, we report that these
mosquitoes have reduced vector competence for ZIKV. In fact, we were
not able to detect infectious ZIKV in the saliva of mosquitoes at any
timepoint assayed. These data argue for the expansion of this technology
to ZIKV in South and Central America and are useful and germane in the
broader context of ZIKV-mosquito interactions. Finally, we also describe

a biologically relevant model for studying ZIKV transmission dynamics
(feeding on a viremic host) that does not rely on animal blood spiked with
cultured virus.

COMBINING CONTACT TRACING WITH TARGETED INDOOR
RESIDUAL SPRAYING SIGNIFICANTLY IMPACTS DENGUE
TRANSMISSION

Gonzalo M. Vazquez-Prokopec', Brian Montgomery?, Peter
Horne?, Julie Clennon’, Scott Ritchie?

"Emory University, Atlanta, GA, United States, ?Queensland Health,
Brisbane, Australia, *Queensland Health, Cairns, Australia, “James Cook
University, Cairns, Australia

The current paradigm for dengue virus (DENV) control relies on reactive
measures aimed at containing virus transmission around the home
residence of confirmed symptomatic cases. Unfortunately, the impact of
such strategy on preventing virus transmission is very limited. Furthermore,
the recent emergence of Chikungunya and Zika infections in the Americas
elevates the need for more efficacious tools for virus surveillance, Aedes
aegypti control and disease mitigation. We quantitatively investigated

the epidemiological value of performing location-based contact tracing
(incorporating potential out-of-home exposure locations by phone
interviews associated with ongoing DENV passive surveillance) in improving
identification of local dengue transmission foci across a metropolitan

area (Cairns, Australia). Using space-time interaction tests applied to
2,064 potential exposure locations reported by contact tracing from 902
DENV-confirmed cases we statistically identified DENV transmission chains
across the metropolitan area. We used such estimates of transmission to
empirically evaluate the epidemiological impact of targeted indoor residual
spraying (TIRS) with insecticides (application of residual insecticides at Ae.
aegypti indoor resting sites). The city of Cairns was identified as a central
hub for DENV transmission (95.2% of transmission events of Cairns
residents and 60.4% of transmission events of residents of satellite towns
were tracked to locations found within Cairns). Out-of-home exposure
accounted for 57.2% of all putative transmission sites. Performing IRS in
contact locations lead to a significant protective efficacy (0.86-0.96) in
preventing DENV transmission. We provide quantitative evidence of the
positive value of enhancing surveillance of urban DENV by performing
location-based contact tracing and targeting indoor residual spraying
operations at putative transmission sites identified from such data. While
this approach was applied in a developed urban center, the potential for its
implementation in DENV endemic areas will need to be evaluated.

ZIKA VIRUS IN THE AMERICAS: A MODEL-BASED
ASSESSMENT OF FACTORS AFFECTING EMERGENCE

Courtney D. Shelley, Christopher M. Barker
University of California Davis, Davis, CA, United States

Zika virus is a mosquito-borne pathogen that has emerged as a major
threat to human health as the virus continues to spread throughout Latin
America. Zika virus has now been linked to severe birth defects, as well
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as an increase in Guillain-Barré syndrome. The parameters that affect
transmission of the virus between mosquitoes and humans are still poorly
understood beyond extrapolations from similar viruses. It is known that the
virus is transmitted by mosquitoes in the genus Aedes (Ae. aegypti and Ae.
albopictus), two invasive species that are both well-established within the
United States. These species are closely associated with human habitation
and breed in a diverse array of peridomestic containers that hold standing
water. We have developed a deterministic model accounting for spatio-
temperal heterogeneities in temperature throughout the United States to
predict seasonal limits and peaks of Zika virus infection in order to focus
vector control efforts and anticipate potential diagnostic testing demands.
The model is informed by emerging field and laboratory data, including
vector studies from our laboratory, and we contrast our Zika estimates for
the U.S. to those for a dengue-endemic area in Iquitos, Peru to understand
whether housing characteristics such as the availability of window
screening and air conditioning in the U.S., are adequate to prevent Zika
outbreaks.

WIND-ASSISTED LONG-DISTANCE MIGRATION OF MALARIA
MOSQUITOES IN THE SAHEL

Tovi Lehmann', Diana Huestis', Alpha Yaro?, Jenna Florio',
Moussa Diallo?, Zana Sanogo?, Samake Djibril?, Roy Faiman', Jason
W. Chapman3, Donald R. Reynolds?, Laura E. Burgin®, Adama Dao?

'National Institute of Allergy and Infectious Diseases/National Institutes

of Health, Rockville, MD, United States, 2ICER Mali, Bamako, Mali,
3Department of AgroEcology, Rothamsted Research, Harpenden, United
Kingdom, “Department of AgroEcology, Rothamsted Research, Harpenden,
United Kingdom, *Met Office, London, United Kingdom

Over the past decade, malaria control efforts have greatly reduced its
burden even in its home base - Africa, raising hopes for malaria eradication
in some reader’s lifetime. Malaria transmission in Africa extends from the
Equatorial Zone to the Sahel where it is confined to the short rainy season.
Persistence of anopheline vectors in areas without surface waters for 3-8
months a year attests for the sophisticated strategies employed by the
vectors. Recent evidence suggests that Anopheles coluzzii persists locally
throughout the dry season by a form of diapause (aestivation), whereas

A. gambiae and A. arabiensis rely on long-distance migration from areas
where reproduction continues year round. This contradicts the widely
accepted view that these vectors do not disperse beyond a few kilometers
in a lifetime. Here, we summarize aerial sampling of insects 100-300 m
above ground conducted between May 2012 and November 2015 in four
Sahelian villages. A total of 30 A. gambiae s.I. and 117 A. pharoensis were
captured among >3,000 mosquitoes and over half a million other insects
during 747 aerial night collections. No mosquitoes were captured in 502
control captures raised briefly to 120 m during launches and retrievals,
corroborating that these species were intercepted at high altitudes

rather than near the ground. A high proportion of the mosquitoes were
gravid, indicating that they might carry human pathogens. Because such
movements of mosquito vectors are regular and involve many thousands
of mosquitoes per night, they have important implications for disease
emergence and reemergence as well as for disease elimination programs.
A comprehensive analysis of these data will be presented.

GENERIC AND STANDARDIZED DATA COLLECTION FORMS
AND DATABASE APPLICABLE TO DIVERSE ENTOMOLOGICAL
STUDIES OF MOSQUITOES

Samson S. Kiware', Alpha Malishee', Dickson Msaky', George
Corliss?, Gerry Killeen!

'Ifakara Health Institute, Dar Es Salaam, United Republic of Tanzania,
?Marquette University, Milwaukee, Wi, United States

Studies of malaria vectors and other vector-bone diseases encompass
a remarkably diverse array of designs and rapidly generate large data
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volumes. Such data is normally collected or recorded using experiment-
specific forms that require frequent, error-prone redesign leading to
badly or inconsistently structured data, difficulty in sharing or linking.
Standardised data schema, databases and even public data repositories
exist for genetic data for malaria parasites and for their human and
mosquito hosts and similar controlled and standardised systems are
available for epidemiological studies of malaria-infected human beings.
However, equivalent systems for studies of the mosquitoes which mediate
transmission do not exist. We have developed 1) a generic schema, 2)
paper-and electronic-based customizable data collection forms, and 3)

a database web-based application - to provide structure to data at the
point of mosquito data collection and streamline use of databases that
consistently link field and laboratory data. The database is built in such a
way that it can be linked to other system such demographic surveillance
systems and epidemiological based-databases. As a result, data from
diverse mosquito studies conformed to a developed generic schema,
with data collection forms recording the experimental design, sorting

of collections, details of sample pooling or subdivision, and additional
observations using standardized formats. The database stores and

links data, generates summarized reports, enhances data sharing and
dissemination from multiple experiments, projects, and studies. Currently,
the user uptake includes 20 experiments, 10 projects, and 20 users at 3
research and control institutes in 3 African countries, resulting in 13 peer-
reviewed publications. This vector database is expected to advance vector
control research especially for resource-limited tropical settings lacking
specialized software or informatics support.

IMPLEMENTATION OF A MULTI-COUNTRY RESPONSE TO THE
EBOLA VIRUS DISEASE EPIDEMIC IN WEST AFRICA: LESSONS
FROM THE FIELD

Reshma Roshania’, Nelson Dunbar?, Michaela Mallow?, Pranav
Shetty’, Taralyn Lyon', Kacey Pham', Matthew Abad’, Erin Shedd?,
Alexander Tran', Sarah Cundy’, Adam Levine3

'International Medlical Corps, Los Angeles, CA, United States, ?Ministry
of Health, Monrovia, Liberia, *Warren Alpert Medical School of Brown
University, Providence, RI, United States

The recent West African outbreak of Ebola virus disease (EVD) is the
largest ever recorded. Starting from September 2014, International
Medical Corps (IMC) opened five Ebola Treatment Units (ETUs) in Liberia
and Sierra Leone, which cumulatively collected nearly 25,000 pages of
epidemiologic, clinical, and laboratory data. To extract this data, each
chart was either manually copied across the fence between the high-risk
zone and low-risk zone or was imaged in the high-risk zone using a GoPro
camera. Data were then entered into separate electronic databases, which
were combined into a single relational database. Data quality assurance
identified an overall final error rate of 1.2%. The full IMC database
includes 2768 patient presentations, of which 2485 were admitted to

an ETU, and 2329 had outcome data available. Of these, 1506 (65%)
patients were from Sierra Leone while 823 (35%) were from Liberia. 54%
of patients were male, and the median age was 30 (IQR 18-43). 10% of
admitted patients were < age 5 and 11% were > 55. Among all admitted
patients, 461 (20%) tested positive for EVD. 192 recovered to discharge,
5 were transferred to other facilities, and 264 died, for a case fatality
ratio (CFR) of 58%. Among EVD negative patients, 154 of 1868 died,

for a CFR of 8%. Average length of stay was 14.6 days for EVD positive
patients who recovered and 5.6 days for those who died. Although more
males were admitted as suspect patients than females, a larger proportion
of females were diagnosed as EVD positive (26% vs 15%). EVD positive
patients aged 15-24 had the lowest CFR (37%), while patients < 5 and

> 55 had the highest CFRs (93% and 70%, respectively). CFRs were

also higher in Sierra Leone (61%) than Liberia (53%). While several prior
reports have documented the experiences of individual ETUs, this study

is the first to present data from multiple ETUs across two countries run

by the same organization with similar clinical protocols. Our experience
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demonstrates that even in austere settings under difficult conditions, it is
possible for humanitarian organizations to collect high-quality clinical and
epidemiologic data during a major infectious disease outbreak.

THE NATURAL HISTORY OF EBOLA VIRUS DISEASE: A
RETROSPECTIVE STUDY OF THE WEST AFRICA EPIDEMIC

Reshma Roshania’, Kelly Skrable?, Ryan Burbach’, Nelson
Dunbar3, Adam Levine?

'International Medlical Corps, Los Angeles, CA, United States, ?Warren
Alpert Medical School of Brown University, Providence, Rl, United States,
*Ministry of Health, Monrovia, Liberia

This retrospective study documented the natural history of EVD among
confirmed patients utilizing data from five Ebola Treatment Units operated
by International Medical Corps in Sierra Leone and Liberia in 2014-2105.
All patients were treated as per standard treatment protocols based on
guidelines developed by the World Health Organization and Medecins
Sans Frontieres. Self-reported and observed data on presence of symptoms
were collected at admission and during daily rounds by clinical staff.
Progression of EVD symptoms were explored using descriptive statistics,
differences in mean number of days symptomatic among subgroups were
analyzed using t-tests and ANOVA, and survival analyses were conducted
utilizing Kaplan-Meier estimators and Cox proportional hazards models. Of
470 confirmed EVD cases treated, 297 met the inclusion criteria of positive
EVD diagnosis, known outcome, and reported symptom onset date. To
assess progression of symptoms by week, a subset of patients for whom
rounding dates were also present were analyzed (n=253). The mean
number of symptomatic days at admission was 4.3; this varied significantly
by sex (females: 3.9, males: 4.8, p = 0.036) and by age category (0-4:
2.4,5-24: 3.7, 25-44: 4.6, 45+: 5.0, p = 0.009). The three most common
symptoms by week symptomatic were: Week 1 (n=253) - weakness (67 %),
anorexia (63%), fever (55%); Week 2 (n=134) - weakness (70%), fever
(69%), diarrhea (63%); Week 3 (n=52) - fever (44%), bone/muscle/joint
pain (35%), headache (33%). The overall survival rate was 36.9% with

no significant difference by sex. All age groups had a lower risk of death
when using patients 0-4 years as the reference: 5-24 years, hazard ratio
(HR)=0.34 (95% confidence intervals (Cl): 0.19-0.59, p<0.001); 25-44
years, HR=0.45 (95% Cl: 0.27-0.77; p=0.003); 45+ years, HR=0.54 (95%
Cl: 0.31-0.93; p<0.025). Among patients who died, mortality occurred

in 86% by day 13 of experiencing symptoms. The natural history of EVD
among patients in Liberia and Sierra Leone demonstrated consistent
progression of nonspecific symptoms and high overall mortality with
significantly higher mortality among patients 0-4 years.

BIAS ADJUSTMENT OF CASE FATALITY RATE ESTIMATES IN
THE EBOLA OUTBREAK IN WEST AFRICA

Tini Garske, WHO Ebola Response Team
Imperial College, London, United Kingdom

The recent Ebola outbreak in West Africa caused an officially reported
28,646 cases and 11,323 deaths by 30 March 2016, however, the true
burden was likely considerably higher. The case fatality rate (CFR), defined
as the proportion of cases that die, is the most important indicator of
severity. It is however surprisingly difficult to estimate accurately from data
collected routinely during an outbreak. The most reliable estimates in this
outbreak were obtained by only considering cases for which the outcome
(death or survival) was recorded, however, with only half of the reported
cases having an outcome recorded there is substantial scope for biases in
this simple estimate if the probability of reporting the outcome depends
on the outcome itself. By considering the strong age-dependence of CFR
and comparing the proportion of cases with recorded outcome between
age groups we assess the differential outcome reporting probability
between survivors and fatalities, and adjust CFR estimates accordingly.
While in Guinea outcome reporting was near complete for cases entered

into the VHF database, we estimated that fatal cases were more likely
than survivors by 31% in Liberia and 131% in Sierra Leone to have the
outcome reported, leading to an upwards bias in raw CFR estimates.
When adjusting for this bias, CFR estimates were corrected from 65.6%
(95% C163.8-67.3%) t0 58.8% (51.4 - 65.4%) in Liberia and from
71.2% (69.7% - 72.7%) t0 51.7% (45.2 - 61.4%) in Sierra Leone, while
estimates in Guinea remained ad 59.2% (57.1 - 61.4%). CFR estimates
adjusted for differential reporting were therefore more consistent between
countries. Accurate estimates of disease severity are crucially important for
public health planning, but are challenging to obtain from data collected
typically during an outbreak. The bias of differential outcome reporting

is likely a problem in many settings, and the method developed here will
therefore be useful in future outbreaks of novel pathogens.

QUANTIFICATION OF THE IMPACT OF SAFE AND DIGNIFIED
BURIALS DURING THE 2013-2016 WEST AFRICAN EBOLA
VIRUS DISEASE EPIDEMIC

Amanda Tiffany’, Benjamin Dalziel?, Ginger Johnson?, Juliet
Bedford4, Amanda McClelland®

'Epicentre, Geneva, Switzerland, ?Princeton University, Princeton,

NJ, United States, >Anthrologica, Washington, DC, United States,
“Anthrologica, Oxford, United Kingdom, °International Federation of the
Red Cross and Red Crescent Societies, Geneva, Switzerland

Over 28,600 people were infected with Ebola virus disease (EVD) and over
11,000 died in the 2013-2015 West African epidemic. The EVD status

of individuals who die in the community, outside of Ebola Treatment
Centers, is unknown at the time of death however burial of EVD infected
individuals poses a serious risk for continued transmission. Consequently
an important component in EVD response is safely burying infected
individuals. This pillar of the response was led by the International
Federation of the Red Cross and Red Crescent Societies, who buried
47,505 individuals, 2,205 of which were EVD positive. Here we quantify
the impact of the Red Cross Safe and Dignified Burial Program (SDB) on
the EVD epidemic. Epidemiological and anthropological investigations
were completed in communities in Sierra Leone, Guinea and Liberia that
had carried out unsafe burials. Forty-five unsafe burials were investigated
and 310 contacts identified. Approximately 7 individuals per unsafe
burial were reported to have had contact with the index case (IC) and 1.8
infected secondary cases were generated, although this varied by district
(range: 0.6-5.5). Contact with the IC during their acute illness and post-
mortem was reported for 46% of contacts. Contact with fluids of the

IC was the most strongly predictive of transmission followed by physical
contact with the IC during their acute illness. Those having contact with
the IC before death were 2.5 - 6 times more likely to be infected with
EVD, relative to those with post-mortem contact only. By averting 1,477
to 10,452 secondary EVD cases, SDB reduced the size of the epidemic by
5.2 10 36.5%. Through this study it is impossible to ascertain, for those
individuals who had contact with the index case before and after death,
the exposure that caused their infection. Nevertheless, these results
underline the importance of isolating individuals infected with EVD early
in order to further limit community transmission. We also quantify for the
first time, the importance of SDB as a fundamental EVD control measure
and provide an estimate the number of additional infections averted by
SDB.
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MORTALITY OUTCOMES AMONG PATIENTS WITH VARIABLE
INFECTION STATES WITH EBOLA VIRUS DISEASE AND
MALARIA IN SIERRA LEONE: A RETROSPECTIVE COHORT
STUDY

Adam Aluisio’, Matthew Waxman?, Adam Levine’

"Warren Alpert Medical School of Brown University, Providence, Rl, United
States, ?Olive View — University of California Los Angeles Medical Center,
Los Angeles, CA, United States

This retrospective cohort study investigated the relationship between
infection with Ebola Virus Disease (EVD) and/or malaria and case fatality
ratio (CFR) among patients admitted to three Ebola Treatment Units

(ETU) in Sierra Leone between December 2014 and September 2015.
Standardized care with artemisinin-based combination therapy for empiric
malaria treatment was provided to all patients based on International
Medical Corps protocols. The cohort was stratified by infection status as:
malaria negative/EVD negative (m-/e-), malaria positive/EVD negative (m+/
e-), malaria negative/EVD positive (m-/e+) and malaria positive/EVD positive
(m+/e+). Mortality outcomes were explored using descriptive statistics and
Cox proportional models. Survival regression analyses adjusted for age,
and the m-/e- group was set as the baseline comparator. Mortality time

of event was derived from chart documentation and all survivors were
censored at 28 days from admission. Among 1548 cases treated, 753

met inclusion criteria. The cohort cases included 431 m-/e-, 180 m+/e-,
108 m-/e+ and 34 m+/e+. In the m-/e- group, the CFR was 11%. For
m-+/e- cases the CFR was 5%, with an adjusted hazard ratios (@aHR) of 0.5
(95% Cl: 0.3-1.0, p=0.07). Cases found to be m-/e+ had 53% mortality
and a greater than five-fold increased risk of death (aHR=5.7, 95% Cl:
3.9-8.5, p<0.001). The m+/e+ group had the highest CFR, at 59%, with
an aHR of 7.7 (95% Cl: 4.5-13.1, p<0.001). Patients admitted to ETUs
with confirmed EVD had the highest mortality, and concomitant infection
with malaria increased the risk of death in the studied population. Among
patients without EVD who were admitted to ETUs, risk of death was nearly
twice as high in those without malaria infection as opposed to those

with malaria infection, likely due to empiric treatment of all patients with
antimalarial medications.

IMPLEMENTING SEASONAL MALARIA CHEMOPREVENTION
(SMC) IN THE CONTEXT OF EBOLA VIRUS DISEASE (EVD) IN
GUINEA

Suzanne Van Hulle', Timothee Guilavogui?

'Catholic Relief Services, Baltimore, MD, United States, ?National Malaria
Control Program of the Republic of Guinea, Conakry, Guinea

An overlap of symptoms of the EVD and malaria in Guinea created a
context for integrated case management of the two diseases, as untreated
malaria cases were linked to increased malaria mortality and fever cases

(a shared symptom for both diseases) which was deemed to impede

the EVD response. SMC began in Guinea during the onset of EVD and

in the context of severely diminished demand for health services; EVD

was the estimated cause of approximately 74,000 fewer malaria cases
seen at health facilities in 2014. The NMCP used EVD case management
structures and implemented SMC through a house-to-house strategy in six
SMC-eligible districts targeting 210,000 children 3-59 months. A Health
Service Delivery Coverage exercise designed to examine perceptions of
service delivery acceptability (including SMC) was conducted through
focus group discussions and key informant interviews in each of the SMC
Districts. It engaged caregivers, local leaders and CHWs who observed a
flattening in demand for health services throughout Guinea in reaction

to EVD - contributing to the 46,968 confirmed cases of malaria and 86
deaths within the under-five target population in 2014. The total cases of
confirmed malaria in the areas that received SMC in 2015 decreased by
29% and by 26% for malaria deaths among the under-five population.
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Whereas in the two SMC-eligible Districts of Siguiri and Madiana where
SMC was not implemented in 2015 there were increases in malaria cases
in the under-five population from 2014 to 2015. In Siguiri there was an
increase in confirmed malaria cases by 92% (3,352 cases in 2014 and
6900 cases in 2015) and an increase in malaria deaths 7,350% (4 deaths
in 2014 and 298 deaths in 2015); while in Madiana there was an increase
in confirmed malaria cases by 2,450% (740 confirmed cases in 2014 and
19,633 confirmed cases in 2015) and no increase in malaria deaths. SMC
in Guinea, reached 100% of eligible children: demonstrating that even in
the context of EVD or potentially other outbreaks, SMC can be delivered
at scale and save lives. In 2016, SMC will be scaled up to cover Siguiri and
Madiana and the NMCP will continue SMC implementation in all eligible
areas in 2017 and beyond.

EFFECTS OF FUNCTIONAL LATRINE DENSITY ON HOUSEHOLD
DRINKING WATER CONTAMINATION, SOIL-TRANSMITTED
HELMINTH INFECTION AND DIARRHEA: A SPATIAL ANALYSIS

Heather K. Amato’, Howard Chang', Sophie Boisson?, Thomas F.
Clasen’

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

India accounts for 60% of the 2.4 billion people practicing open
defecation worldwide. A large cluster-randomized trial (CRT) in Orissa
found no village-level health impacts of the Government of India’s Total
Sanitation Campaign. Village-level coverage varied greatly; latrines went
unused, often due to poor construction/functionality. Using geospatial
data from households in 50 intervention villages of the CRT in Orissa,
we assessed environmental health impacts of functional latrine density
on a fine spatial scale. Coverage of all latrines and functional latrines
within 25m, 50m, 100m, and 200m of households was calculated via

a multiple ring buffer analysis in ArcGIS. Outcomes were household
drinking water contamination (N=1009), soil-transmitted helminth (STH)
infection (N=822), diarrhea among all ages (N=1275) and children <5
(N=1017). Multivariate regressions adjusted for village-level clustering
with Generalized Estimating Equations. Covariates included location of
water source, household population, and whether or not a household,
itself, owned a functional latrine. Increased latrine coverage in 200m
was associated with decreased levels of thermotolerant coliform (TTC) in
household drinking water (8=-5.05, 95% CI -9.81, -0.29). Each additional
functional latrine in 25m was associated with a decrease of 28.9 cfu TTC
per 100 mL (CI -57.5, 9.8). Odds of STH infection decreased by 10%

for each additional latrine, regardless of functionality, in 25m (3=0.903,
C10.819, 0.994). For every 10 additional latrines in 25m, regardless

of functionality, household longitudinal diarrhea prevalence (all ages)
increased by 2.13 days per 1,000 person days (Cl 0.06, 4.2). A 10%
increase in functional latrines in 25m was associated with 1.4 fewer days
of diarrhea per 1,000 person days (Cl -5.5, -0.1). Households owning
functional latrines, themselves, had 8 fewer days of childhood diarrhea
per 1,000 person days (p<0.05). Ensuring 100% sanitation coverage and
functionality within the immediate surroundings of the home is critical for
reducing exposure to pathogenic feces that cause diarrheal diseases.
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FECAL CONTAMINATION ALONG MULTIPLE
ENVIRONMENTAL PATHWAYS IS ASSOCIATED WITH
SUBSEQUENT DIARRHEA AMONG CHILDREN IN RURAL
BANGLADESH

Amy J. Pickering’, Ayse Ercumen?, Benjamin F. Arnold?, Laura H.
Kwong!, Sarker Masud Parvez?, Craig Kullmann#, Rokeya Ahmed®,
Claire Chase®, Leanne Unicomb?, John M. Colford?, Stephen P.
Luby!

'Stanford University, Stanford, CA, United States, 2University of California
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Washington, DC, United States, °The World Bank, Dhaka, Bangladesh

Pathogens associated with diarrhea are transmitted from feces to new
hosts through multiple environmental pathways: drinking water, ambient
water, hands, soil, food, and flies. Understanding the relative risks of
exposure to fecal contamination along each pathway could be valuable

in the design of interventions to interrupt transmission and reduce
diarrhea. We conducted a prospective study among 1843 households in
rural Bangladesh to quantify levels of fecal contamination along multiple
environmental pathways and assess their association with subsequent risk
of under-five child diarrhea. Measurements were collected during two
sequential visits to each study household. During the first visit, sampling at
each household included: child hand rinse, stored drinking water, source
drinking water (tubewells), pond water, soil from the child’s play area, food
served to young children and flies captured from the food preparation
area. All samples were analyzed for fecal indicator bacteria (most probable
number [MPN] of £. coli and fecal coliforms) using the IDEXX Colilert-18
Quanti-Tray system. During the second visit (conducted 4-10 days after
the initial visit to encompass typical incubation periods for gastrointestinal
pathogens), interviewers collected caregiver-reported child gastrointestinal
symptoms. We used generalized linear models with robust standard errors
to estimate the relationship between the presence and concentration of
fecal indicator bacteria and subsequent diarrhea prevalence. Child diarrhea
prevalence following the field team’s previous visit to the household
increased by 31% with E. coli presence on child hands (PR=1.31, 1.06-
1.63) and 17% for each log10 increase in fecal coliform counts in

soil (PR=1.17, 1.04-1.32). Our findings suggest that child hands and
household soil are important transmission pathways for diarrheal illness
among children under five in rural Bangladesh.

QUANTIFYING FECAL CONTAMINATION LEVELS OF
DRINKING AND AMBIENT WATERS, HANDS, FOOD, SOIL
AND FLIES IN THE DOMESTIC ENVIRONMENT IN RURAL
BANGLADESH

Ayse Ercumen’, Amy J. Pickering?, Benjamin F. Arnold', Laura
H. Kwong?, Sarker Masud Parvez?, Craig Kullman?, Claire Chase?,
Rokeya Ahmed®, Leanne Unicombs3, Stephen P. Luby?, John M.
Colford, Jr.t

"University of California Berkeley, Berkeley, CA, United States, ?Stanford
University, Stanford, CA, United States, *International Centre for Diarrhoeal
Disease Research, Bangladesh, Dhaka, Bangladesh, *Water and Sanitation
Program, World Bank, Washington, DC, United States, *Water and
Sanitation Program, World Bank, Dhaka, Bangladesh

Fecal-oral pathogens are transmitted from feces to hosts through a
variety of environmentally mediated pathways. Characterizing levels of
fecal contamination along these pathways can inform the development
of targeted interventions to reduce fecal exposures. We quantified fecal
indicator bacteria along different transmission routes in the domestic
environment in 1843 households in rural Bangladesh. We collected
samples of source (tubewell) and stored drinking water, pond water, child
hand rinse, weaning food, flies caught in the food preparation area and

soil collected from children’s outdoor play area. We analyzed samples for E.
coli with the IDEXX most probable number (MPN) method and calculated
the geometric mean of E. coli concentration for each type of sample.
24% of tubewells and 58% of stored water samples were contaminated
with E. coli. A typical pond water sample contained almost 4-log MPN E.
coli per 100 mL. 40% of children had E. coli on their hands; children > six
months old had 0.3-log MPN per two hands more E. coli than children

< six months of age (p<0.001). A typical soil sample had approximately
5-log MPN E. coli per dry gram. Soil in the vicinity of human or animal
feces had 0.2-log MPN higher E. coli than soil collected from areas with
no feces (p<0.001). Soil from sunlit areas had 0.2-log MPN fewer E. coli
than soil from shaded areas (p<0.001), and levels of E. coli were positively
correlated with the moisture content of samples (p<0.001). 59% of stored
food samples contained E. coli; food stored in a covered container had
0.2-log MPN fewer E. coli than food from uncovered or partially covered
containers (p=0.02). 54% of captured flies had E. coli contamination; a
typical fly had approximately 3-log MPN E. coli. Fecal indicator bacteria
levels were higher among all seven pathways in the rainy season (p<0.01).
Our findings demonstrate ubiquitous fecal contamination along multiple
pathways in rural Bangladeshi households and highlight the occurrence
of high levels of fecal indicator bacteria in ponds and especially courtyard
soil in this setting, drawing attention to these understudied pathways for
diarrheal disease transmission.

UNSAFE CHILD FECES DISPOSAL IS ASSOCIATED WITH
ENVIRONMENTAL ENTEROPATHY AND IMPAIRED GROWTH

Christine Marie George', Lauren Oldja’, Shwapon Biswas?, Jamie
Perin’, R. Bradley Sack', Shahnawaz Ahmed?, Shahnawaj Ali2,
Rashidul Haque?, Tahmina Parvin?, Ishrat J. Azmi?, Sazzadul Islam
Bhuyian?, Kaisar A. Talukder?, Abu G. Faruque?

"Johns Hopkins University, Baltimore, MD, United States, ?International
Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

This study was undertaken to investigate the relationship between unsafe
child feces disposal, environmental enteropathy (EE), and impaired growth,
we conducted a prospective cohort study of 216 young children in rural
Bangladesh. Unsafe child feces disposal, using the WHO/ UNICEF Joint
Monitoring Program definition, was assessed using 5 hour structured
observation and caregiver reports. Anthropometric measurements were
collected at baseline and at a nine month follow-up. Stool was analyzed
for fecal markers of EE: alpha-1-antitrypsin, myeloperoxidase, neopterin
(combined to form an EE disease activity score), and calprotectin. Eighty
four percent of households had an unsafe child feces disposal event during
structured observation and 75% had caregiver reported events. There was
no significant difference in observed unsafe child feces disposal events

for households with or without an improved sanitation option (82% vs.
85%, p=0.72) or by child age (p=0.96). Children in households where
caregivers reported unsafe child feces disposal had significantly higher

EE scores (0.82 point difference, 95% confidence interval (Cl): 0.11,

1.53), and significantly higher odds of being wasted (Weight for Height
z-score (WHZ) <-2 SDs) (9% vs. 0%, p= 0.024). In addition, children

in households with observed unsafe feces disposal during structured
observation had a significantly reduced change in Weight for Age z-score
(-0.34 (95% Cl: -0.68, -0.01) and WHZ (-0.52 (95% Cl: -0.98, -0.06)). In
conclusion, unsafe child feces disposal was significantly associated with

EE and impaired growth in a pediatric population in rural Bangladesh.
Interventions are needed to reduce this high risk behavior to protect the
health of susceptible pediatric populations.

astmh.org



THE MAPUTO SANITATION (MAPSAN) TRIAL: ASSESSING A
SANITATION INTERVENTION’S IMPACT ON HELMINTHIASIS
IN CHILDREN <5 YEARS OLD IN MAPUTO, MOZAMBIQUE

Trent Sumner’, Jacqueline Knee', Rassul Nala?, Joseph Brown!

'Georgia Institute of Technology, Atlanta, GA, United States, ?Ministério de
Saude, Maputo, Mozambique

The MapSan study, in Maputo, Mozambique, is a first of its kind,
controlled before and after trial of the impact of a shared sanitation
intervention (pour-flush latrines) on soil-transmitted helminth (STH) and
enteric infections in children <5 years. Despite progress in urban sanitation
coverage, residents of urbanizing, unplanned communities in large

cities of Sub-Saharan Africa experience elevated disease risks associated
with poor sanitation. Dense urban environments are critical settings for
targeted sanitation improvements since the risks of unsafe excreta disposal
can be much greater within a dense urban population compared with a
low-density rural population. For the study, stools were collected from
children in intervention and matched-control arms to assess baseline STH
prevalence prior to intervention exposure. Stools were analyzed by Kato
Katz (N=671) to quantify several STHs (including Trichiura trichuris, Ascaris
lumbricoides, and hookworm) and will be shipped to the US for multiplex-
STH gPCR analysis. Overall baseline prevalence for any STH infection

by Kato-Katz is 46% and is similar between study arms. As expected,
prevalence increases with age [in years (OR 1.96, Cl: 1.67, 2.31)]. T.
trichuris and A. lumbricoides are the most commonly observed STHs with
prevalences of 23% and 38%, respectively. Coinfection with multiple

STH was observed in 16% of samples. Post-exposure sample collection

is ongoing and data will be available starting in Summer 2016. The most
recent nationwide survey of STH in school-aged Mozambican children
(2005-2007) found a combined prevalence of 53.5%. Our baseline results
provide a more complete picture of the STH burden in Mozambique by
reporting on younger children who are often missed in school-based
prevalence surveys. Our pending endline results will add evidence to the
conversation of how to best serve the approximately 2.5 billion people
who currently lack access to safe sanitation.

WATER, SANITATION AND HYGIENE (WASH) AND
ENVIRONMENTAL RISK FACTORS FOR SOIL-TRANSMITTED
HELMINTH INTENSITY OF INFECTION IN TIMOR-LESTE, USING
REAL TIME PCR

Suzy J. Campbell’, Susana Nery', Rebecca Wardell', Catherine
D’Este’, Darren Gray', James McCarthy?, Rebecca Traub?, Ross
Andrews?, Stacey Llewellyn?, Andrew Vallely®, Gail Williams?,
Archie Clements’

'Australian National University, Canberra, ACT, Australia, ?QIMR Berghofer
Medical Research Institute, Brisbane, QLD, Australia, *University of
Melbourne, Melbourne, VIC, Australia, “Charles Darwin University,
Casuarina, NT, Australia, *University of New South Wales, Sydney, NSW,
Australia, *University of Queensland, Brisbane, QLD, Australia

No investigations have been undertaken of risk factors for intensity of
soil-transmitted helminth (STH) infection in Timor-Leste. We present

the first analysis of combined water sanitation and hygiene (WASH),
environmental, and socioeconomic risk factors undertaken using intensity
of infection classes developed from gPCR diagnosis of STH. Questionnaires
were used to collect WASH and demographic data from 24 villages in
Manufahi District, Timor-Leste. An algorithm was developed to correlate
PCR cycle threshold values to eggs per gram of faeces equivalents, using
seeding experiments. Open-access environmental variables were obtained.
A socioeconomic quintile was developed using principal component
analysis. Multinomial mixed-effects regression was used to assess risk
factors for intensity of Necator americanus and Ascaris infection in 2152
participants. In adjusted models incorporating WASH, socioeconomic

213

and environmental variables, environmental variables were generally
associated with infection intensity for both N. americanus and Ascaris

spp. Precipitation (in centimetres) was associated with increased risk of
moderate-intensity (adjusted relative risk (ARR) 6.1; 95% confidence
interval (Cl) 1.9-19.3) and heavy-intensity (ARR 6.6; 95%Cl 3.1-14.1)

N. americanus infection, as was sandy-loam soil around household
(moderate-intensity ARR 2.1; 95%CI 1.0-4.3; heavy-intensity ARR 2.7,
95%Cl 1.6-4.5; compared to no infection). For Ascaris, alkaline soil around
the household was associated with reduced risk of moderate-intensity
infection (ARR 0.21; 95%CI 0.09-0.51), and heavy-intensity infection (ARR
0.04; 95%CI 0.01-0.25). Few WASH risk factors were significant. Our
novel approach of assigning infection intensity classes to PCR-diagnosed
STH infection requires further research. In this high-prevalence setting,
significant risk associations with environmental factors suggest that
anthelmintic treatment should be integrated with other interventions,

as conditions are favourable for ongoing environmental transmission.
Integrated STH control strategies should be explored as a priority.

WASH FOR WORMS: END-POINT RESULTS FROM A CLUSTER
RANDOMIZED CONTROLLED TRIAL OF THE IMPACT OF A
COMMUNITY-BASED INTEGRATED WASH AND DEWORMING
PROGRAM ON SOIL-TRANSMITTED HELMINTH INFECTIONS

Susana Vaz Nery', James S. McCarthy?, Rebecca Traub?, Edmund
Weking*, Darren Gray', Ross Andrews?®, Andrew Vallelys, Gail
Williams’, Archie Clements!

"Australian National University, Canberra, Australia, ?QIMR Berghofer
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Darwin University, Darwin, Australia, *University of New South Wales,
Sydney, Australia, “University of Queensland, Brisbane, Australia

Soil-transmitted helminth (STH) infect an estimated 1.45 billion people
worldwide, therefore remaining a global health problem. Deworming
programmes are effective in reducing STH prevalence but rapid reinfection
occurs in the absence of decreased environmental contamination.
Therefore WASH interventions are obvious candidates for sustainable
control. WASH for WORMS s a cluster-randomised controlled trial to
quantify the impact of a community-based WASH intervention integrated
with periodic mass distribution of albendazole on infections with STH

and protozoa, compared to mass deworming alone. In this trial, initiated
in 2012, all participating communities in Timor-Leste received mass
deworming every 6 months (for 2 years) and half of them also received
the WASH intervention. The WASH intervention was implemented by
WaterAid, Australia and included promotion of household latrines (based
on “Community Led Total sanitation”), improved access to water and
hygiene promotion. Infection prevalence and intensity were measured

by gPCR. At baseline, the prevalence of STH in the 24 villages was high,
with 62.3% of the participants infected with Necator americanus. In the
intervention arm, N. americanus decreased from 62.8% to 32.2% at the
1st follow-up (FU1), with a further decrease to 21.7% at the 2nd follow-
up (FU2), one year after completion of the WASH intervention. In the
control group, N. americanus decreased from 61.8% to 36.9% at FU1,
reaching 20.5% at FU2. At this time point, 77.7% of households in the
intervention arm had a latrine whereas in the control arm 20.5% of the
houses had one. Participating villages were followed for an additional year,
with data collection ending in April 2016. Results will be presented for the
study end-points and discussed in the context of the uptake of the WASH
intervention. This trial is the first reported RCT evaluating the impact of
integrated WASH and deworming interventions on STH infection; and

will provide essential evidence for optimizing integrated STH control
programmes.
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THE NEW WORLD HEALTH ORGANIZATION APPROACH TO
SURVEILLANCE FOR TRACHOMA, EXPERIENCE IN NEPAL
AND ADDED BENEFIT OF ANTIBODY PREVALENCE TO
CHLAMYDIA TRACHOMATIS PGP3 PROTEIN: NESTS STUDY

Andrea I. Zambrano’, Beatriz E. Munoz', Shekhar Sharma?,
Sailesh Mishra?, Laura Dize?, Katherine Crowley*, Lisa Rotondo?,
Sheila K. West!

"Johns Hopkins University, Baltimore, MD, United States, 2Nepal Netra Jyoti
Sangh, Kathmandu, Nepal, ’International Chlamydia Laboratory, Baltimore,
MD, United States, “RTI International, Washington, DC, United States

As part of the global effort to eliminate trachoma, the leading cause

of preventable infectious blindness in the world, the World Health
Organization (WHO) requires a second survey for trachoma at least two
years after districts have stopped mass drug administration, to determine if
re-emergence has occurred. Useful markers, like antibodies to chlamydial
antigens, and chlamydial DNA testing for elimination of trachoma, are
being investigated for utility in these surveillance situations. Using the
new WHO guidelines, this study was undertaken to conduct surveillance
surveys and to evaluate the possible role of tools in surveillance programs
in 4 districts in Nepal. 15 randomly selected clusters within four districts
were chosen. In each cluster, 50 randomly selected children ages 1-9
year olds and 100 adults >15 years old were examined for TF£TI and

TT respectively. Eye swabs were taken from all children to test for C.
trachomatis (CT) infection using the Cepheid GeneXpert platform. Dried
blood spots were collected from children to determine antibody positivity
to the C. trachomatis antigen pgp3. Blood spots were processed on the
Luminex-100 platform following standard procedures. Data were analyzed
as simple frequencies, and age stratified proportions. Results: Districts
were 2, 4, 8, and 10 years from last program activities. In the sampled
4,042 children, only 11 TF cases and 3 CT infection were found. Overall
antibody positivity was found in 1.9% of samples with no increase in
frequency by age. There was no evidence for clustering of antibody
positivity by community. Once adjusting for TT already known to the
health system, rate was <1/1,000 population in all districts. In conclusion,
no evidence of re-emergence of trachoma was found in four districts in
Nepal during surveillance surveys as late as 10 years after cessation of

all program activities. The absence of an increase in age seroprevalence
suggests this tool may measure interruption of transmission of C.
trachomatis. This study provides an even stronger empirical basis for

the new WHO guidelines for surveillance of trachoma, and adds new
knowledge on surveillance for trichiasis.

SERO-SURVEILLANCE IS AN INFORMATIVE INDICATOR OF
TRACHOMA TRANSMISSION INTENSITY

Amy Pinsent’, Michael T. White?, Manoj Gambhir’, Diana L.
Martin3

'Monash University, Melbourne, Australia, 2Imperial College London,
London, United Kingdom, 3Centers for Disease Control and Prevention,
Atlanta, GA, United States

Trachoma remains the world’s leading infectious cause of blindness.

The World Health Organization (WHO) has a target of elimination of
trachoma as a public health problem by 2020. Validation of elimination
of trachoma requires that the clinical sign trachomatous inflammation—
follicular (TF) be less than 5% in children aged 1-9 years old. However,

in settings where transmission is low, grading TF can be challenging, as
other bacterial infections and dust may aggravate the eyelid, producing
TF-like inflammation that may not be associated with ocular chlamydia
infection. Serology has been successfully used as an indicator of
transmission intensity for a number of pathogens, and recent work has
evaluated the potential for antibody-based testing in children for trachoma
surveillance. We used serological data collected from a range of trachoma

transmission settings—including high (TF greater than 30%), medium (TF
10-30%), and low (TF less than 10%) prevalence settings with ongoing
transmission in Tanzania as well as post-elimination validation surveys in
Nepal—to estimate the sero-conversion and reversion rates with a sero-
catalytic model for all sites for which appropriate data was available. We
then developed a mixed effects regression model to assess which key
epidemiological variables (age, gender, number of known past rounds

of antibiotic treatment) across multiple surveillance sites were significant
predictors of antibody titre, allowing them to vary by trial site. We found
that TF prevalence and age are good predictors of antibody titre within
the community. Our findings demonstrate that prevalence of antibodies
against chlamydial antigens may be informative indicators of transmission
intensity and that serological surveillance could be a valuable approach
for-post-elimination validation surveys.

INFLUENCE OF INDIVIDUAL AND ENVIRONMENTAL FACTORS
ON THE PREVALENCE OF TRACHOMA IN THE HEALTH
DISTRICT OF MOKOLO AFTERTHREE YEARS OF MASS
TREATMENT WITH ZITHROMAX AND TETRACYCLINE

Assumpta Lucienne Bella’, Emilienne Epée?, Armelle Ngomba?,
Godefroy Koki¢, Fabrice Nembot Djouma®, Georges Nko'o Ayissi?,
Julie Akame®, Patrick Mbia¢, Henri Mounguis, Yaobi Zhang’

'National Programme for the Prevention of Blindness, Ministry of Public
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of Medicine and Pharmaceutical Sciences, University of Douala, Douala,
Cameroon, “Faculty of Medicine and Biomedical Sciences, University of
Yaoundé, Yaoundé, Cameroon, *Department of Epidemiology, University
of Dschang, Dschang, Cameroon, °Helen Keller International, Yaoundé,
Cameroon, ’Helen Keller International, Regional Office for Africa, Dakar,
Senegal

It is commonly believed that personal hygiene and the state of cleanliness
of the environment are significant factors in the spread of trachoma.

The strategy for control is through SAFE (Surgery, Antibiotic treatment,
Facial cleanliness and Environmental improvement). The health district

of Mokolo in the Far-North Region of Cameroon, recognized as endemic
with trachoma in 2010, benefited from the azithromycin and tetracycline
mass distribution during three consecutive years, supported by HKI with
funding from USAID’s ENVISION Project, managed by RTI International.
Rarely actions in F and E components were registered. We aimed at
evaluating the influence of facial cleanliness and the environmental factors
on the residual infection of trachoma after the treatment. We carried out
a descriptive cross-sectional study based on a stratified random sampling
in Mokolo in 2015. Selected were 20 communities representing clusters;
with 25 households in each. After an interview with the households and
ophthalmic assessments by trained trachoma graders, data were collected
using the numerical tablets transferred to a central base, before being
analyzed using Software SPSS. Among the 827 children aged 1 to 9 years
examined, the prevalence of active trachoma (TF&TI) was 1.7% in 2015
against 18.1% in 2010. The proportion of children having dirty faces was
14.85%. A strong association was found between the facial uncleanliness
and active trachoma infections (OR = 14.79; p<0.01). Out of 91.6% of
houses with cattle, 94.7% cohabited with the animals inside the homes.
However 60.8% of the households were located within less than 30 min
from a source of water. Despite drastic reduction of the disease prevalence
to the threshold of the stopping MDA, the individual and environmental
factors remain a strong influence. This could compromise the sustainable
elimination of trachoma in this health district. More efforts on the F and E
components of the SAFE strategy is needed.
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A SPATIAL ANALYSIS OF ENVIRONMENTAL FACTORS AND
TRACHOMATOUS-INFLAMMATION FOLLICULAR AMONG
CHILDREN 1-9 YEARS IN SOUTH GONDAR, ETHIOPIA
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Bahir Dar, Ethiopia

South Gondar zone in the Amhara region of Ethiopia has a high
prevalence of trachomatous-inflammation follicular (TF), a clinical sign

of trachoma, among children ages 1-9 (25.9%). This may not be entirely
explained by individual behaviors such as facial cleanliness or household
factors like latrine access. Environmental covariates like rainfall, altitude,
vegetation, and temperature may impact TF prevalence but there are few
published studies assessing the spatial relationships of environmental
factors and TF clustering in a hyperendemic setting. Using a multi-stage,
cluster randomized design, 12,108 households were surveyed in 313
villages in 12 districts in South Gondar in 2011. We assessed TF prevalence
in all children 1-9 years in each household. TF prevalence was aggregated
by village for those with valid GPS coordinates. A point pattern analysis

of 313 villages was performed using weighted K functions for global
clustering and a Getis G* for local clustering (|z|>3.71). Altitude, global
precipitation measurement (GPM), naturalized difference vegetation index
(NDVI), and land surface day temperature raster images were overlaid with
TF clusters. The weighted K function did not identify aggregation up to
100km. Local Getis G* tests identified clustering starting at 10km. Hot
spots, areas where high prevalence villages tend to occur near each other,
were identified in northern districts of Ebinat and Libo Kemkem. Cold
spots, areas where low prevalence villages occur near each another, were
identified in central districts of Debre Bahir Town, Lay Gayent, and Estie.
Preliminary descriptive analyses suggest that cold spots may be associated
with higher elevations and NDVI. Hot spots may be associated with lower
elevations and NDVI. Subsequent analyses will include descriptive mapping
of select environmental factors and multivariate logistic regressions to
identify environmental factors associated with TF clustering. Risk maps will
be generated with the associated environmental factors to identify areas
of heightened risk which may help inform trachoma control activities in
these areas.

USE OF MULTIPLE STRATEGIES TO MOBILIZE
TRACHOMATOUS TRICHIASIS CASES FOR SURGERY IN 4
DISTRICTS OF KATSINA STATE, NIGERIA

Shamsudeen Yahaya', Aliyu Mohammed?, Olufunto Adewusi?,
Moses Odenyi?, Nicholas Olobio?, Yaobi Zhang*

'Ministry of Health, Katsina, Nigeria, ?Helen Keller International, Abuja,
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Trachomatous Trichiasis (TT) is blinding stage of trachoma and could cause
blindness if not treated. To prevent the blindness, surgical intervention is
required. In Katsina State, Nigeria, the ultimate intervention goal (UIG)
for TT surgery in 8 Local Government Areas (LGAs) is 15,760. With the
support of the Queen Elizabeth Diamond Jubilee Trust, 19 ophthalmic
nurses were trained to provide surgeries using the bilateral tarsal rotation
(BTR) method. A single TT case mobilization strategy was recommended
and initially implemented, i.e. by trained TT case finders to identify and
refer cases for surgery. There was a low turn-out of TT cases. To maximize
the productivity of surgery, different methods were then tested in order
to mobilize patients to access the free service. Barriers to access, such as
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fear of surgery, distance, poverty level of the affected people and gender
barrier, informed the decision to adopt context specific case mobilization
method in 4 selected LGAs. TT surgery camps were organized in Daura
emirate comprising of Zango, Daura, Mai'adua and Baure LGAs between
October and December 2015. A combined strategy of mobilization of TT
patients was used in the weeks preceding the outreaches. These included
radio announcements, town announcers, announcements in public places
such as mosques and market places, in addition to trained TT case finders.
With combined mobilization strategy, there was a resultant spike in the
productivity as well as the frequency of outreaches being conducted.

Two surgery camps were conducted in October and December which
resulted in high turn-out of TT cases for surgery. Thus 7 outreaches were
conducted within December alone, yielding 245 persons operated in 293
eyes. This caused an increase in productivity as compared to previous
months when only the case finder method was used. The number of
persons presenting themselves for surgery more than doubled during

the same period. Regular outreaches are very important for TT surgery.
However, multiple mobilization strategies employed for outreach activities
are required in order to reach the UIG and achieve the year 2020 trachoma
elimination goal in Nigeria.

CHLAMYDIA TRACHOMATIS INFECTION IN AMHARA,
ETHIOPIA 2011-2015

Scott D. Nash’, Aisha E. Stewart'!, Mulat Zerihun?, Demelash
Gessesse?, Berhanu Melaku?, Tekola Endeshaw?, Eshetu Sata?,
Zerihun Tadessee?, Melsew Chanyalew?, Birhan Gaudie?, Ambahun
Chernet?, Jeanne Moncada®, Thomas M. Lietmans, Paul M.
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Trachoma is caused by the bacteria Chlamydia trachomatis (Ct). Infection
data, collected in the programmatic setting, would help in understanding
the impact of mass drug administration (MDA) interventions as well as
the relationship between the clinical signs of trachoma and infection.
This study aimed to understand the effect of multiple years of MDA on
Ct infection in the Amhara region, Ethiopia by describing the prevalence
of Ct infection in a representative sample of children ages 1-5 years.
Population-based trachoma impact surveys were conducted in all districts
of Amhara, from 2011 to 2015, following 5 years of SAFE interventions.
Ocular specimens were collected from randomly selected children ages
1-5 years whose households were included in the surveys to estimate

the zonal prevalence of Ct infection. Samples from each district were
pooled and the Abbott Realtime PCR assay was used to detect Ct DNA
using the m2000 system. District prevalence was determined from the
district pooled prevalence using maximum likelihood techniques. Zonal
prevalence and confidence intervals (Cl) were estimated using survey
procedures in Stata. A total of 15,636 samples were collected across 10
zones of Amhara. The prevalence of trachomatous-inflammation follicular
(TF) in children ages 1-9 years in Amhara region was 26.1%, (95%Cl:
25.1, 27.1), zonal range: 13.6% to 54.6%, and the regional prevalence
of trachomatous-inflammation intense (Tl) was 5.6% (95%Cl: 5.2, 6.0),
zonal range: 3.4% to 13.6%. The prevalence of Ct infection in children
ages 1-5 years was 5.5% (95%Cl: 4.2, 6.7), with zonal estimates ranging
from 1.0% in Awi zone to 15.3% in Waghemra. Ct infection and Tl were
very highly correlated at the zonal level (Spearman correlation(r)= .92;
P=0.0002), while Ct infection and TF were moderately correlated (r= .57,
P=0.084). To our knowledge, this is the first report of Ct infection data
at a regional level within a programmatic setting. Despite over 5 years of
MDA, a considerable amount of Ct infection remains in Amhara. Tl was
highly correlated with Ct infection and may represent a potential marker
of infection that programs could use in measuring impact.
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TRACHOMA IMPACT SURVEYS IN MAINLAND TANZANIA:
LESSONS LEARNED FROM IMPLEMENTATION OF THE SAFE
STRATEGY

Jeremiah M. Ngondi', George Kabona?, Mathias Kamugisha?,
Edward Kirumbi?, Maria Chikawe?, Andreas Nshala?, Boniphace ,
Idindili, Delali Bonuedi®, Kathryn Crowley?, Lisa Rotondo®, Upendo
J. Mwingira?

'RTI International, Dar Es Salaam, United Republic of Tanzania, *Neglected
Tropical Disease Control Program/MoHCDCEG, Dar Es Salaam, United
Republic of Tanzania, *National Institute for Medical Research, Tanga,
United Republic of Tanzania, “IMA World Health, Dar es Salaam, United
Republic of Tanzania, *RTI International, Washington, DC, United States

Tanzania started implementation of the surgery, antibiotics, facial
cleanliness and environmental change (SAFE) strategy for trachoma control
in 1999. Tanzania has made substantial progress towards meeting Global
Elimination of blinding Trachoma by the year 2020 (GET2020) objectives.
By the end of 2015, 37 out of 55 districts under SAFE implementation
had achieved the goal for stopping mass drug administration (MDA) of
trachomatous inflammation-follicular (TF) prevalence <5% in children
aged 1-9 years. We investigated the trends of TF prevalence and annual
MDA coverage. Data from 13 districts were analyzed: 2 had TF<5%
(Handeni and Kwimba); 2 had TF>10% after 15t impact survey (Kilindi

and Kongwa); 2 had TF=5-9.9% after 15t impact survey (Manyoni and
Mpwapwa); 3 had stopped MDA due to programmatic challenges
(Monduli, Longido and Ngorongoro); and 4 had baseline TF=5-9.9% and
no MDA (Morogoro Rural, Mvomero, Singida Urban and Rombo). Time
trends of TF prevalence and MDA coverage were plotted. In 2 districts with
TF<5% at 1%t impact survey, Handeni had 3 consecutive years of MDAs
while Kwimba had 1 year of MDA. In 2 districts with TF>10% at 1% impact
survey, Kilindi had no change in TF prevalence despite 4 MDA rounds of
varying coverage while in Kongwa, TF was >10% despite 14 MDA rounds
of varying coverage. Among districts with TF=5-9.9% (at the 15 impact
survey), Manyoni had no change in prevalence (at the 2" impact survey)
despite a high coverage MDA, while Mpwapwa had TF<5% after a high
coverage MDA. MDA implementation was delayed in Monduli, Longido
and Ngorongoro, then implemented with low coverage in Monduli and
Longido, and high coverage in Ngorongoro but stopped in all 3 districts
due programmatic challenges. In 4 districts where baseline TF=5-9.9%,
follow-up surveys after 10 years showed that TF was <5% in absence of
interventions. The reduction of TF varied by district. Results suggest that
low MDA coverage may contribute to the reduced impact on TF decline.
To achieve GET 2020 objectives: MDA needs to be started promptly and
sustained to achieve maximum impact; high MDA coverage needs to be
achieved; and prompt impact surveys and action are needed.

COMPARISON OF EPIDEMIOLOGY, TRANSMISSION
DYNAMICS AND CLINICAL PRESENTATIONS OF GENITAL AND
SKIN ULCERATIONS CAUSED BY HAEMOPHILUS DUCREYZI:
EXPERIENCE FROM HYPER-ENDEMIC AREAS IN AFRICA AND
PACIFIC ISLANDS

Tun Ye, Cheng Y. Chen, Allan Pillay, Ronald C. Ballard
Centers for Disease Control and Prevention, Atlanta, GA, United States

Haemophilus ducreyi (HD), a fastidious gram-negative bacterium, has been
known to cause the sexually transmitted genital ulcerations (i.e. Chancroid)
in tropical countries and hyper-endemic situations were reported in
Southern Africa during the 1990s. Recently, HD has been found to be
associated with cutaneous ulcerations among children under 15 years

old in yaws endemic areas. A retrospective case review was conducted

on 117 laboratory-confirmed HD genital ulcer cases (genital HD) that
presented to the Sexually Transmitted Disease (STD) clinic in Johannesburg,
South Africa and 60 laboratory-confirmed cutaneous ulcerations (non-

genital HD) in children seen during the community-based surveillance
activities in Vanuatu. The demographic, clinical presentations (including
photographs of lesions) and laboratory findings of two patient population
were compared. The laboratory investigations include syphilis serology
using RPR and TPPA; multiplex real-time PCRs for HD, herpes simplex virus
(HSV), Treponema pallidum subspecies (TP), and Mycobacterium ulcerans
(buruli ulcer). In addition, culture for HSV and HD, and HIV serology were
performed on samples from the genital-HD group. The mean ages of
patients with genital and non-genital HD lesions were 33 years (+ 9) and 8
years (+ 3), respectively. The majority of patients in both groups presented
with large, multiple, punched-out ulcerations with soft edges and purulent
bases which are clinically indistinguishable between genital and non-
genital HD lesions. Purulent inguinal lymphadenopathy (i.e. Bubo) was
observed in 38 (32.5%) genital HD cases compared to none in non-genital
HD patients. RPR seropositivity was 15.5% in genital HD group and 35.5%
in non-genital HD group. In conclusion, clinicians should be aware of the
presence of non-sexual transmission of HD and TP in some geographical
areas and carefully consider the potential etiology of cutaneous genital
and non-genital ulcerations in residents from those areas. Laboratory
confirmation and differentiation of ulcer etiology at a reference laboratory
would be required to support the clinical diagnosis and management.

DIFFERENCES IN THE CLINICAL AND LABORATORY FEATURES
OF ONCHOCERCIASIS IN ENDEMIC AND NONENDEMIC
POPULATIONS REFLECT IMMUNE-MEDIATED PROCESSES

Adrienne J. Showler, Thomas Nutman
National Institutes of Health, Bethesda, MD, United States

Some filarial infections including Loa loa and Wuchereria bancrofti may
have different presenting features in endemic populations compared
with immunologically naive expatriate hosts. However, few studies have
examined this relationship in Onchocerca volvulus infection. To study this
question more directly, we identified all patients diagnosed with active
Onchocerca volvulus infection at the National Institutes of Health between
1976 and 2016. Study subjects received a detailed baseline assessment
including history, physical examination, ophthalmologic evaluation, and
extensive laboratory investigations. Forty returned travellers (TR) and 36
endemic (END) subjects had onchocerciasis acquired almost entirely in
West and Central Africa. The TR more frequently reported a pruritic rash
and 28% had acute papular dermatitis on examination compared with
only 2.8% of END (p = 0.004). Skin pigmentation changes, excoriation
or lichenification occurred in 47% of the END but in only 18% of TR

(p = 0.007). Although similar numbers in both groups reported ocular
symptoms, documented onchocercal eye involvement occurred in

16.7% of the END and in none of the TR (p = 0.009). There were no
differences in any other clinical parameters including pruritus, arthralgia,
edema, lymphadenopathy, or of the presence of onchocercomata (2 in
the TR, 6 in the END; p = 0.14). Fourteen (35%) TR and 7 (19%) END
patients had microfiladermia (p =0.43). Geometric mean (GM) absolute
eosinophil counts were significantly (p<0.05) higher in the TR (850/mm3)
compared to the END (438/mm3). By contrast, we observed higher serum
polyclonal IgE levels in endemic patients (GM = 826.1 IU/mL) compared
to the TR (206.3 IU/mL; p < 0.001). Parasite-specific IgG4 levels were
also significantly higher in END than in TR patients (p = 0.026). Although
there is substantial overlap in the presentation of O. volvulus infection in
TR and END populations, the TR had more frequent acute (and possibly
eosinophil-mediated) findings that may reflect differences in chronicity and
immune tolerance felt to underlie the relative hyporesponsiveness seen in
lifelong onchocerciasis.
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DIAGNOSIS OF LOW-INTENSITY SCHISTOSOMA INFECTION
IN A NON-ENDEMIC SETTING USING THE ULTRASENSITIVE
LATERAL FLOW TEST FOR DETECTION OF SCHISTOSOME
CIRCULATING ANODIC ANTIGEN (CAA)

Lisette van Lieshout, Rebecca Van Grootveld, Claudia De Dood,
Jutte De Vries, Leo G. Visser, Darius Soonawala, Paul Corstjens,
Govert J. Van Dam

Leiden University Medical Center (LUMC), Leiden, Netherlands

Schistosomiasis in travelers and migrants is mostly diagnosed by detecting
specific antibodies in serum, as microscopy has a pronounced low
sensitivity in this particular population. Although serology is sensitive and
specific, it cannot distinguish active from past infection and it may take
up 6 to 10 weeks for seroconversion to occur. An alternative diagnostic
tool is detection of adult worm-derived circulating antigen in serum

or urine. Here we explored the diagnostic value of an ultrasensitive

robust lateral flow based test for the quantification of the Schistosoma
Circulating Anodic Antigen (CAA) utilizing fluorescent up-converting
phosphor reporter particles (UCP-LF CAA assay) within a non-endemic
routine diagnostic laboratory setting. Serum samples from 81 serology
positive cases were tested, including 36 travelers of which 14 had

proven seroconversion. CAA (>0.1 pg/ml) was detected in 68% of all
schistosomiasis cases, including 56% of the travelers and 64% of those
who seroconverted. All 19 controls were CAA negative, while all 11
subjects who were positive for microscopy and/or PCR in stool or urine
were CAA positive. In travelers CAA was seen as early as four weeks

after exposure and the antigen could be demonstrated in four out of five
samples collected days to weeks before antibodies were observed. On the
other hand, most of the CAA positive travelers (18/20) had marginally to
low (<10 pg/ml) serum CAA concentrations, while higher levels were seen
in the subjects with chronic schistosomiasis. Consecutive samples were
tested in 16 subjects and all showed a rapid decline in CAA concentration,
reflecting decreasing worm loads due to anti-schistosomal therapy. This
explorative retrospective study indicates the UCP-LF CAA assay to be

a highly accurate test for diagnosing schistosomiasis in a non-endemic
setting.

FIELD-TESTING OF A COST-EFFECTIVE MOBILE-PHONE
BASED MICROSCOPE FOR SCREENING OF SCHISTOSOMA
HAEMATOBIUM

Isaac I. Bogoch', Hatice Koydemir?, Derek Tseng?, Richard K.D.
Ephraim?, Evans Duah3, Joseph Tee?, Jason R. Andrews®, Aydogan
Ozcan?

"Toronto General Hospital, Toronto, ON, Canada, “University of California
Los Angeles, Los Angeles, CA, United States, *University of Cape Coast,
Cape Coast, Ghana, “Volta River Authority, Accra, Ghana, *Stanford
University, Palo Alto, CA, United States

Schistosomiasis is a parasitic and neglected tropical disease, and affects
>200-million people across the world, with school-aged children
disproportionately affected. Here we present field-testing results of a
handheld and cost effective smartphone-based microscope in rural Ghana,
Africa, for point-of-care diagnosis of Schistosoma haematobium infection.
In this mobile-phone microscope, a custom-designed 3D printed opto-
mechanical attachment (~150g) is placed in contact with the smartphone
camera-lens, creating an imaging-system with a half-pitch resolution of
~0.87um. This unit includes an external lens (also taken from a mobile-
phone camera), a sample tray, a z-stage to adjust the focus, two light-
emitting-diodes (LEDs) and two diffusers for uniform illumination of the
sample. In our field-testing, 60 urine samples, collected from children,
were used, where the prevalence of the infection was 72.9%. After
concentration of the sample with centrifugation, the sediment was placed
on a glass-slide and S. haematobium eggs were first identified/quantified
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using conventional benchtop microscopy by an expert diagnostician, and
then a second expert, blinded to these results, determined the presence/
absence of eggs using our mobile-phone microscope. Compared to
conventional microscopy, our mobile-phone microscope had a diagnostic
sensitivity of 72.1%, specificity of 100%, positive-predictive-value of
100%, and a negative-predictive-value of 57.1%. Furthermore, our
mobile-phone platform demonstrated a sensitivity of 65.7% and 100%
for low-intensity infections (<50 eggs/10 mL urine) and high-intensity
infections (>50 eggs/10 mL urine), respectively. We believe that this
cost-effective and field-portable mobile-phone microscope may play an
important role in the diagnosis of schistosomiasis and various other global
health challenges. We discuss the use of these instruments in clinical and
public health settings.

THE EMERGENCE AND EPIDEMIOLOGY OF ENDEMIC (FLEA-
BORNE) TYPHUS IN TEXAS, 2003-2013

Kristy O. Murray’, Nicole Evert?, Bonny Mayes?, Eric Fonken?,
Timothy Erickson’, Melissa N. Garcia’, Tom Sidwa?

'Baylor College of Medicine and Texas Children’s Hospital, Houston, TX,
United States, ?Texas Department of State Health Services, Austin, TX,
United States

Endemic or murine typhus, a disease spread by fleas and caused by

the organism Rickettsia typhi, is a neglected tropical disease in Texas.

The purpose of this study was to characterize the epidemiology of

murine typhus in the state, identify seasonality of disease transmission,
and identify high-risk geographic and demographic populations. We
analyzed data on all confirmed and probable cases reported to the Texas
Department of State Health Services’ Zoonosis Control Branch between
2003 and 2013. Over this time period, 1762 cases were reported (770
confirmed and 992 probable cases). Evidence of emergence was seen
both in increased numbers of cases over time (27 cases in 2003 versus
222 cases reported in 2013) and geographical location (9 counties in the
southern-most part of the state in 2003 to 40 counties reporting cases

by 2013). With regards to demographics, females had a slightly higher
attack rate compared to males (7.3 vs. 6.7 per 100,000 population,
respectively). When examining risk of disease by age, the highest attack
rate (10.4/100,000 population) was found among 5-19 year olds. Of these
cases, 1047 (59.6%) were hospitalized. Most commonly reported signs
and symptoms included fever (99.7%), headache (77.2%), chills (70.1%),
malaise (64.1%), anorexia (52.8%), nausea/vomiting (51.4%), and
myalgias (50.8%). Rash was reported by 42.5% of cases, with pediatric
cases being statistically more likely to present with a rash when compared
to adults (odds ratio = 2.2). Fatality was rare, with 4 deaths being reported
(0.2% case fatality rate). Median age of fatal cases was 51.5 years (range
36-55 years). With the increase in reported cases, high percentage of
hospitalizations, and geographic expansion of transmission, we want

to highlight the importance of public education and raising physician
awareness to identify and treat suspected cases. Additionally, further
research is needed to better understand the dynamics of transmission and
risk of infection in these newly identified geographic regions.
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ZIKA VIRUS DISEASE AMONG TRAVELERS RETURNING FROM
THE AMERICAS BETWEEN JANUARY 2013 AND FEBRUARY
2016: A GEOSENTINEL ANALYSIS

Davidson H. Hamer’, Kira Barbre?, Susan Anderson3, Elizabeth D.
Barnett*, Andrea Boggilds, Emmanuel Bottieau®, Gary Brunette?,
Eric Caumes?, Marty Cetron’, Lin H. Chene, Gilles Eperon’,
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Genderen?, Annelies Wilder-Smith?’, Doug Esposito’
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Hopkins Univ. School of Medicine - Geographic Medicine Center - Division
of Infectious Diseases, Baltimore, MD, United States, "*TravelWell, Atlanta,
GA, United States, '®Department of Infectious Disease - Aarhus University
Hostpital, Arrhus, Denmark, ""McGill University Centre for Tropical
Diseases - Montreal General Hospital, Montreal, QC, Canada, "Unidad de
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Since first identified in Brazil in 2015, Zika virus (ZIKV) has rapidly spread
to >30 countries and territories in the Americas. Travelers, important
sentinels of new disease outbreaks, can facilitate global disease spread.
ZIKV disease acquired in the Americas and evaluated at GeoSentinel
Surveillance Network sites from January 1, 2013 to February 29, 2016
were analyzed. Interim Council of State and Territorial Epidemiologists
classification criteria were used to classify patients as clinically suspect,
probable, or confirmed cases of ZIKV disease. There were 62 confirmed,
13 probable, and 16 clinically suspect ZIKV cases of 100 cases submitted.
Of the 91 cases, 64% were female, and median age was 41y (range
3-77 y). Major reasons for travel were tourism (48%) and visiting friends
and relatives (40%). Infections were acquired in South America (59%),
the Caribbean (24%), and Central America/Mexico (16%); the top three
countries were Suriname (22 %), Colombia (16%), and Brazil (11%).
Diagnoses were made in Western Europe (73%), North America (15%),
Middle East (9%), and South America (3%). The first two cases were
reported in May 2015 and November 2015, after which there was a rapid
rise in cases. The most common sign/symptoms were rash (88%), fever
(76%), arthralgia (72%), headache (60%), myalgia (60%), fatigue (47 %),
conjunctivitis (41%), and pruritus (23%). Less common were nausea,
diarrhea, paresthesia, dysgeusia, and arthritis. Of 4 pregnant patients, 2
had normal ultrasounds, one underwent elective termination due to major
fetal neurological abnormalities, and one had no documented outcome.
Two patients were diagnosed with Guillain-Barré syndrome. This large
case series demonstrates the range of symptoms associated with ZIKV
infection. While sentinel surveillance does not reflect true incidence and is
biased towards identifying more severe disease and influenced by testing

availability, GeoSentinel data are important for tracking the geographic
spread of emerging infections. We show that travelers infected in the
Americas return to locations where they can potentially transmit the virus
to sexual partners or competent vectors.

OUTCOMES OF PREGNANT PATIENTS PRESENTING TO
EBOLA TREATMENT UNITS IN SIERRA LEONE AND LIBERIA: A
RETROSPECTIVE COHORT STUDY

Patricia Henwood', Lisa Babell', Reshma Roshania?, Michaela
Mallow?, Adam Levine3

'Brigham and Women's Hospital/Harvard Medical School, Boston, MA,
United States, ?International Medical Corps, Los Angeles, CA, United
States, *Warren Alpert Medical School of Brown University, Providence, R,
United States

Pregnant women are thought to have increased risk for severe illness and
death when infected with Ebola virus disease (EVD). This retrospective
cohort study investigated the presenting symptoms and outcomes of
pregnant women compared with non-pregnant women of reproductive
age admitted to five Ebola Treatment Units (ETUs) in Sierra Leone and
Liberia between September 2014 - 2015. Data analysis was completed for
women of reproductive age with results for EVD testing, with a focus on
those with the report of pregnancy. Standardized care, including empiric
malaria treatment and oral antibiotics, was provided to all patients based
on International Medical Corps protocols. Among 2,323 patients admitted
with outcome data, 723 women of reproductive age were included for
analysis. Forty-four women were documented as pregnant; the median
gestational age reported was 26 weeks (range of 4 to 40 weeks). There
was no significant difference in overall mortality between pregnant and
non-pregnant women (13.9% vs 18.9%, p=0.42). Pregnant patients were
no more likely to have EVD than non-pregnant women (29.6% vs 23.9%,
p=0.39), and were less likely to have fever, bone/muscle pain, nausea,
vomiting, diarrhea, anorexia and asthenia as presenting symptoms when
compared to non-pregnant women. Thirteen pregnant patients were

EVD positive. Six died, six survived to discharge, and one was transferred
to a nearby ETU with specialized care for pregnant women (outcome
unknown). There was no difference in mortality between pregnant

and non-pregnant women with EVD (50% vs 53.7%, p=0.80). There
were two live births in the ETU; both infants died before hospital day 9.
Training guidelines for providers working in Ebola treatment units focus
on maternal deliveries without assistance to minimize risk to healthcare
workers considering historical data suggested poor maternal or fetal
survival. Our data points to comparable maternal outcomes, though fetal
survival in the context of an EVD gestation remained poor. Based on this
data, re-evaluating the approach to management of pregnant patients in
the ETU setting may be warranted.

DECIPHERING THE BIOLOGY OF THE DORMANT MALARIA
PARASITE, PLASMODIUM VIVAX, VIA AN IN VITRO
PLATFORM

Nil Gural
Massachusetts Institute of Technology, Cambridge, MA, United States

Liver stage malaria is an attractive target for all Plasmodium species since
it provides the opportunity to attack the parasite at an early, obligate,
yet clinically silent stage. Of the 4 strains of malaria that infects humans,
P vivax is the most frequent and widespread cause of human malaria
and poses unique challenges to treatment and eradication because liver
stage parasites can develop into dormant small forms, hypnozoites, that
remain in this state for prolonged periods. This strain of malaria causes
chronic, relapsing infection months to years after the initial infection

via reactivation of hypnozoites. Drug discovery could be informed by
targeting the hypnozoite stage, however the biology behind hypnozoite
formation and reactivation remains to be elucidated. /n vitro platforms
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for studying P vivax are lacking because of challenges associated with
keeping primary human hepatocytes phenotypically stable over the long
periods of time required for studying dormant parasites. Benefiting from
the longevity of our micropatterned primary human hepatocyte cultures,
we were, for the first time, able to culture P vivax hypnozoites in vitro. To
validate the system as an in vitro surrogate for P vivax biology applications,
we have shown (1) complete P vivax liver stage development, including
release of merozoites and subsequent infection of overlaid reticulocytes
and (2) formation, persistence and reactivation of hypnozoites. Using

the system as a potential discovery tool, we presented evidence of
differential drug sensitivity of schizonts and hypnozoites towards both
clinically available and yet-in-development liver-acting drugs. Furthermore,
leveraging the power of an in vitro culture in facilitating rapid testing

of biological hypotheses that are otherwise clinically difficult to test, we
created a simple deterministic model that recapitulates the behavior of

P vivax parasites over time. Fitting experimental data into this model, we
addressed two hallmarks of P vivax liver stage biology: lifetime in the liver
and hypnozoite reactivation frequency.

CELL TRAVERSAL BY MALARIA PARASITES: PLASMODIUM
CELTOS BINDS AND DISRUPTS PLASMA MEMBRANES
FROM THE CYTOPLASMIC FACE TO ENABLE THE EXIT OF
PARASITES FROM CELLS DURING HOST AND VECTOR CELL
TRAVERSAL

John R. Jimah, Nichole D. Salinas, Monica Sala-Rabanal,
Nathaniel G. Jones, L. David Sibley, Colin Nichols, Paul Schlesinger,
Niraj H. Tolia

Washington University School of Medicine, St. Louis, MO, United States

Traversal of host and vector cells by Plasmodium parasites is required

for malaria infection and transmission. Plasmodium CelTOS has been
identified by genetic studies to be critical for the traversal of parasites
through the mammalian host and mosquito vector. Additionally, CelTOS is
a leading malaria vaccine candidate in clinical trials. Even though CelTOS
has critical roles in Plasmodium biology and is a malaria vaccine target, the
molecular function and mechanism of CelTOS remains unknown primarily
due to its lack of sequence similarity to proteins of known function. We
determined the structure of Plasmodium CelTOS to obtain insight into

its molecular function. Unexpectedly we discovered CelTOS is structurally
similar to viral fusion proteins and a bacterial pore-forming toxin that bind
membranes. Unlike other membrane binding proteins, CelTOS specifically
lipids predominantly present in the inner leaflet of plasma membranes. We
also observed that CelTOS disrupts liposomes composed of these lipids,
and further in vivo studies demonstrate that CelTOS disrupts cell plasma
membranes. Taken together, these studies demonstrate that CelTOS is the
only known malaria parasite protein that enables the exit of parasites from
host and vector cells during traversal by having nearly universal activity

in binding and disrupting plasma membranes from the cytoplasmic face.
By providing insight into the function and mechanism of CelTOS, this
study facilitates the design of therapeutics which target CelTOS to protect
against malaria.

MECHANISM OF FETAL GROWTH RESTRICTION IN PLACENTA
MALARIA

Kris Genelyn Dimasuay’, Fredrick Rosario?, Jocelyn Glazier?,
James Beeson, Stephen Rogerson', Thomas Jansson?, Philippe
Boeuf*

"University of Melbourne at the Peter Doherty Institute for Infection and
Immunity, Melbourne, Australia, 2University of Colorado Anschutz Medical
Campus, Denver, CO, United States, University of Manchester, St. Mary's
Hospital, Manchester, United Kingdom, “Burnet Institute, Melbourne,
Australia

Placental malaria can trigger intervillositis; a local inflammatory response
more strongly associated with fetal growth restriction (FGR) than placental
malaria infection alone. The underlying mechanisms are unknown but we
have shown that placenta malaria-associated intervillositis impairs placental
amino acid transport. The mechanistic target of rapamycin (mTOR)
signaling pathway regulates fetal growth by modulating transplacental
amino acid transport. mTOR activity has also been observed to be
decreased in non-malarial cases of FGR. We hypothesized that placenta
malaria-associated intervillositis inhibits mTOR signaling pathway, resulting
in reduced placental amino acid uptake. Using placental tissue biopsies
from Malawian women, we demonstrated that mTOR signalling activity

is i) decreased specifically in placenta malaria-associated intervillositis
compared to uninfected controls (p<0.03); ii) negatively correlated with
the degree of inflammation (p<0.03; R < -0.42) and iii) positively correlated
with amino acid uptake (p<0.03; R > 0.36). Using our established in

vitro model of placental response to intervillositis, we demonstrated that
primary human trophoblast (PHT) cells exposed to placental malaria-
associated intervillositis have decreased mTOR signalling activity (p<0.02)
and reduced amino acid uptake (-63%, p<0.02), recapitulating our ex
vivo findings. Furthermore, constitutive mTOR activation (by silencing

the endogenous inhibitor of mTOR) partially restores amino acid

uptake (+30%, p<0.0001) in PHT cells exposed to placental malaria-
associated intervillositis. In summary, we determined that inhibition of
placental mTOR activity mechanistically links placental malaria-associated
intervillositis and reduced amino acid transport, which may contribute

to the pathogenesis of FGR. We propose that restoring mTOR signaling

in placental malaria may increase fetal growth and complement malaria
control strategies to improve pregnancy outcomes in pregnant women
exposed to malaria.

THROMBOSPONDIN RELATED SPOROZOITE PROTEIN IS
IMPORTANT FOR THE ESTABLISHMENT OF PLASMODIUM
FALCIPARUM LIVER STAGE INFECTION

Charlie Jennison', Matthew T. O’Neill', Jennifer S. Armistead,
Annie S. Yang', Sash Lopaticki’, Norman M. Kneteman?, Justin A.
Boddey!

"Walter and Eliza Hall Institute of Medical Research, Melbourne, Australia,
2University of Alberta, Edmonton, AB, Canada

From oocyst to vertebrate host cell, malaria sporozoites must traverse
and recognize multiple cell types if they are to successfully continue

the parasite’s lifecycle. Proteins previously recognized to be important
for sporozoite-host-cell interactions; circumsporozoite protein (CSP)

and thrombospondin related anonymous protein (TRAP), contain
thrombospondin type 1 repeats (TSR). Another less well characterized
TSR protein, highly expressed in sporozoites, is thrombospondin related
sporozoite protein, which contains a TSR, a transmembrane domain and
a putative PEXEL motif, suggesting it may localize to the surface of the
sporozoite and/or be exported. TRSP has previously been shown to be
important for the successful invasion and establishment of liver stage
infection in P berghei. In order to investigate the role and localization of
this protein in P falciparum, the species responsible for the vast majority
of human malarial morbidity and mortality worldwide, we generated
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P falciparum TRSP knockout parasites, as well as lines expressing GFP

and HA tagged TRSP. TRSP deficient parasites show no defect until the
sporozoite stage, where they display a mild hepatocyte traversal defect

in vitro. This does not however result in an in vitro invasion defect as

seen in P berghei. To further investigate the importance of this traversal
defect in vivo, ATRSP sporozoites were injected into uPA/SCID mice with
humanised livers, where a 95% reduction in parasite load was observed
six days post infection by gPCR. Preliminary data indicate that ATRSP liver
schizonts can develop with a morphology and size similar to wildtype and
morphological characteristics will be discussed. These data show that TRSP,
in common with other TSR containing sporozoite proteins, is important for
the establishment of liver stage infection, most likely during the invasion
process, however work is ongoing to further define the exact function of
TRSP in this important human pathogen.

A SYSTEMATIC APPROACH TO THE OPTIMIZATION OF
PLASMODIUM VIVAX IN VITRO CULTURE

Gabriel Rangel’, Martha A. Clark’, Kathryn Shaw-Saliba', Usheer
Kanjee', Caeul Lim?, Marcelo U. Ferreira?, Anjali Mascarenhas?,
Laura Chery3, Edwin Gomes?, Pradipsinh K. Rathod?, Manoj T.
Duraisingh'

'"Harvard University, Boston, MA, United States, ?University of Sao Paulo,
S&o Paulo, Brazil, *University of Washington, Seattle, WA, United States,
“Goa Medical College, Goa, India

The WHO estimates that 35% of the global population was at risk for
and approximately 16 million people suffered from clinical Plasmodium
vivax infection in 2013, making P vivax the most globally widespread
malaria parasite and an immense health and economic burden.
Unfortunately, largely due to its unique biology, a continuous, in vitro
culture system for this parasite has remained elusive, hindering our

ability to make scientific advancements and combat P vivax. A major
obstacle to continuous, in vitro culture is our lack of understanding

the nutrient requirements of P vivax for successful asexual maturation
and survival. To enhance P vivax ex vivo growth and to understand the
nutrient requirements of the parasite, we designed and executed a
screen to identify an optimal culture media. Twenty different media were
commercially acquired that represent a range of defined and proprietary
formulations, with an emphasis on media developed for cultivation of
erythrocytes and erythrocyte precursors. From this screen, we identified a
formulation that significantly enhances the survival and asexual maturation
of human ex vivo P vivax isolates from ring stages to schizogony and
egress. Furthermore, the increased survival and maturation has enhanced
our ability to perform invasion assays. While it has been previously
demonstrated that P vivax preferentially invades very young red blood
cells, reticulocytes, our assays indicate that a currently uncharacterized,
more specific subset of reticulocytes is required for efficient invasion and
subsequent asexual maturation. To enable the identification of a host cell
that fully enables P vivax invasion and maturation, we have developed
methods to fractionate very specific subpopulations of human reticulocytes
from multiple sources representing the full range of erythropoiesis. In all,
this systematic approach to the optimization of in vitro culture of P vivax
has enabled us to reliably perform short-term growth assays, establish
more robust invasion assays, and it has brought us closer to continuous in
vitro culture.

MOLECULAR TECHNIQUES IDENTIFY ANCYLOSTOMA
CEYLANICUM AND NECATOR AMERICANUS AS THE MAJOR
HOOKWORM PATHOGENS AMONG MYANMAR REFUGEES
PRE-RESETTLEMENT AND DEFINE THEIR DIFFERENTIAL
RESPONSE TO ANTHELMINTIC THERAPY

Elise M. OConnell’, Tarissa Mitchell?, Georgiette Oduro-Boateng',
Marina Papaiakovou?, Nils Pilotte?, Deborah Lee?, Steven Williams?,
Michelle Weinberg?, William Stauffer?, Thomas B. Nutman’

'National Institutes of Health, National Institute of Allergy and Infectious
Diseases, Bethesda, MDD, United States, 2Immigrant, Refugee and Migrant
Health Branch, Centers for Disease Control and Prevention, Atlanta,

GA, United States, *Department of Biological Sciences, Smith College,
Northampton, MA, United States, “Department of Infectious Diseases,
University of Minnesota, Minneapolis, MN, United States

Human hookworm infection, typically caused by Necator americanus
(Na) and Ancylsotoma duodenale (Ad), remains an important source

of childhood growth restriction, iron deficiency, and anemia. Using
multi-parallel real-time PCR (gPCR) on stool samples from 233 subjects
that were part of a larger study (n=2000) assessing the prevalence of
intestinal parasites in refugees from Myanmar (domiciled in refugee
camps in Thailand) and the efficacy of pre-resettlement anthelmintic
therapy, we assessed Na and Ad prevalence in all subjects from 3 time
points (1-following arrival in refugee camps in Thailand, 2-after treatment
with albendzaole/ivermectin (A/l) prior to departure for the United States
(US), and 3-following arrival in the US after a second treatment with

A/l). At entry, 51 of 233 (22%) were infected with Na. QPCR targeting
the ITS2 region of Ancylostoma spp. revealed 17 of 233 (7%) stool
samples were positive upon entry to the refugee camp. However, gPCR
targeting a repeated sequence specific for A, duodenale was negative for
all 17 samples. Sequencing and follow up gqPCR revealed all 17 of these
samples to be positive for the zoonotic hookworm A. ceylanicum (Ac).
Following A/l therapy, all subjects with Ac cleared their infection. Of the
51 subjects infected with Na at baseline, 20 (39%) remained infected
with Na following the first A/l dose and 14 (27 %) remained Na-infected
despite 2 courses of A/l. Six previously hookworm-uninfected subjects
acquired Na infection while in the refugee camp (positive at timepoint 3),
and 2 acquired Ac (positive timepoint 2). Studies are ongoing to sequence
the beta-tubulin genes of those Na parasites that responded and failed
to respond to A/I. These data identify the zoonotic Ac as an emerging
and important human pathogen in Myanmar. Thus, the availability of
increasingly sophisticated molecular diagnostic techniques to assess the
differential responses of the various hookworm species to anthelmintics
and to provide evidence of ongoing acquisition of hookworm infection
within refugee camps should guide future planning of pre-departure
medical treatment for refugees in Southeast Asia.

MULTI-PARALLEL QUANTITATIVE REAL-TIME PCR BASED
DIAGNOSTICS AS THE NEW GOLD STANDARD FOR SOIL
TRANSMITTED HELMINTHS

Marina Papaiakovou’, Nils Pilotte?, Steven A. Williams', Paola
Vargas®, Reynaldo Nicolds Caro?, Rubén Cimino®, Alejandro
Krolewiecki*, Rojelio Mejia®

'Smith College, Northampton, MA, United States, 2University of
Massachusetts, Amherst, MA, United States, ’Instituto de Investigaciones
en Enfermedades Tropicales, Universidad Nacional de Salta, Oran,
Argentina, “Instituto de Patologia Experimental/CONICET, Salta, Argentina,
*Laboratory of Clinical Parasitology and Diagnostics, National School of
Tropical Medicine Baylor College of Medicine, Houston, TX, United States

Due to its simplicity and cost-effectiveness, microscopy has seen extensive
field-use as the diagnostic standard for the detection of soil-transmitted
helminths (STH) in stool samples. However, the sensitivity of microscopy-
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based detection is inadequate in reduced-transmission settings where
worm burden is oftentimes low. Equally problematic, eggs of closely
related species oftentimes have indistinguishable morphologies, leading
to species misidentification. In light of these shortcomings, the purpose
of this study was to demonstrate multi-parallel quantitative real-time

PCR (gPCR) as the new “gold standard” for STH detection. Accordingly,
stool samples from non-endemic participants were spiked with limited
numbers of eggs or larvae (1 to 40) of five different species of STH. DNA
extracts were tested using two unique multi-parallel real-time PCR-based
diagnostic methods. These methods employed different target sequences
(ribosomal internal transcribed spacer, or highly repetitive non-coding
regions), to evaluate the detection of DNA from as little as one egg per
sample. There was a statistically significant spearman correlation between
egg/larvae counts and gPCR from both methods for each one of the multi-
parallel assays; for Ascaris lumbricoides (0.806), Ancylostoma duodenale
(0.961), Necator americanus (1.00), Strongyloides stercoralis (0.835), and
Trichuris trichiura (0.956) (p < 0.05 for all STH). Both methods had similar
detection rates for 104 stool samples from a rural population in northern
Argentina with less than a 25% variance between them for most STH.
As parasitic targeting of two independent genomic regions provided
reproducible results, we believe that, low cost multi-parallel quantitative
real-time PCR-based diagnostics should supplant microscopy as the new
gold standard for stool-based detection of soil transmitted helminths in
public-health and community settings.

DIAGNOSIS OF STRONGYLOIDES STERCORALIS FROM
FILTERED URINE RESIDUE BY DETECTING CELL-FREE DNA

Nilanjan Lodh', Reynaldo Caro?, Shterna Sofers, Alan Scott?,
Alejandro Krolewiecki?, Clive Shiff3

'Marquette University, Milwaukee, Wi, United States, “Universidad
Nacional de Salta, Oran, Argentina, Johns Hopkins University, Baltimore,
MD, United States

One of the most neglected of the neglected tropical diseases is the
infection caused by nematodes in the genus Strongyloides. Of the two
species of Strongyloides, S. stercoralis is the most prevalent that infect
humans and found in tropical and subtropical regions. Detection of S.
stercoralis infection is arduous and has low sensitivity. This is a major
problem because chronic infections may disseminate in the host and

lead to a life threatening condition. Even now, the true prevalence of

this parasite is practically unknown because the standard practice for
stool examinations usually misses evidence of this infection. We present
here the evidence for the first time that the infection can be detected by
amplifying S. stercoralis specific cell-free repeat DNA from urine residue
on filter paper that has been collected and processed in the field. We
collected 125 specimens from people living in two types of endemic
regions in Northern Argentina (rural and peri-urban). Stool specimens were
processed fresh using three different coprological methods and 40-50

ml of urine was filtered through a 12.5cm Whatman No. 3 filter paper in
the field. The filters were dried and packed individually in sealable plastic
bags with desiccant and shipped to Johns Hopkins University where DNA
was isolated and amplified with species-specific primers. The estimate

of prevalence of infection was almost doubled when detecting the S.
stercoralis specific repeat compared with coprological diagnosis (from 28%
t0 44.8%). Only 21.6% positive cases were congruent, as were 27.3%

of negative cases. There were 6.4% of cases where parasite larvae were
seen but DNA was not amplified. The species-specific DNA detection
from urine residue reveals significantly more cases of infection than
combined stool examinations and the method is simple and easy to carry
out. This is crucial not only to determine the overall public health impact
of the pathogen, but also to understand the extent of the infection in
communities so that attempts to control or eliminate these pathogens are
efficient and cost-effective.

MATERNAL POSTPARTUM DEWORMING AS A MEANS OF
IMPROVING INFANT GROWTH AND MORBIDITY IN AREAS
ENDEMIC FOR SOIL-TRANSMITTED HELMINTHIASIS

Layla S. Mofid', Martin Casapia?, Eder Aguilar?, Hermann Silva?,
Antonio Montresor4, Elham Rahmes, William D. Fraser¢, Grace S.
Marquis’, Jozef Vercruysse?, Lindsay Allen?, Brittany Blouin', Hugo
Razuris, Lidsky Pezo?, Theresa W. Gyorkos!

'Department of Epidemiology, Biostatistics and Occupational Health,
McGill University, Montreal, QC, Canada, Asociacion Civil Selva
Amazonica, Iquitos, Peru, *Hospital Iquitos “César Garayar Garcia”, Iquitos,
Peru, “Department of Control of Neglected Tropical Diseases, World Health
Organization, Geneva, Switzerland, *Research Institute of the McGill
University Health Centre, Division of Clinical Epidemiology, Montreal,

QC, Canada, °Centre de recherche et Département d’obstétrique et

de gynécologie, Université de Sherbrooke, Sherbrooke, QC, Canada,
’McGill University, School of Dietetics and Human Nutrition, Ste. Anne-
de-Bellevue, QC, Canada, Department of Virology, Parasitology and
Immunology, Faculty of Veterinary Medicine, Ghent University, Merelbeke,
Belgium, °United States Department of Agriculture, ARS Western Human
Nutrition Research Center, University of California Davis, Davis, CA, United
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Health and nutrition interventions targeting the critical growth and
development period before the age of two years can have the greatest
impact on health trajectories over the life course. Compelling evidence
suggests that interventions in the postpartum period can be beneficial

for both mothers and their children. One such potential intervention is
deworming. In this seminal randomized controlled trial, we sought to
evaluate the effectiveness of maternal postpartum deworming on infant
growth. A total of 1010 mother-infant pairs were recruited in Iquitos,
Peru. Prior to delivery, mothers provided stool specimens to determine the
presence of soil-transmitted helminth (STH) infection. Following delivery,
mothers were randomly assigned to receive either single-dose 400 mg
albendazole, or matching placebo. Mother-infants pairs were followed-up
at 1 and 6 months postpartum. At 6 months postpartum, there was no
statistically significant difference in mean weight gain between infants

in the albendazole and placebo groups (4.3 kg + 0.04 vs. 4.4 kg £0.04).
However, ad hoc subgroup analyses restricted to mothers who tested
positive for STH infections at baseline suggest that infants whose mothers
received albendazole had greater growth in terms of mean length gain

in cm (mean difference: 0.8; 95% Cl: 0.1, 1.4) and length-for-age in
Z-score (mean difference: 0.5; 95% Cl: 0.1, 0.8). In a study population
composed of both infected and uninfected mothers, maternal postpartum
deworming with single-dose albendazole was insufficient to impact
infant growth indicators at 1 or 6 months of age. Among STH-infected
mothers, however, important infant growth benefits were observed. The
benefits of postpartum deworming should be further investigated in study
populations having different prevalences and intensities of STH infections
and, in particular, where the prevalences and intensities of whipworm and
hookworm infections are of public health concern.

SOIL-TRANSMITTED HELMINTHS (STH) CONTROL,
ELIMINATION, AND DEVELOPMENT OF DRUG RESISTANCE:
REPERCUSSIONS OF SYSTEMATIC NON-PARTICIPATION TO
PREVENTIVE CHEMOTHERAPY

Luc E. Coffeng, Wilma A. Stolk, Roel Bakker, Sake J. de Vlas
Erasmus MC, University Medical Center, Rotterdam, Netherlands

Preventive chemotherapy (PCT) is a widely applied strategy to control
soil-transmitted helminths (STH). However, mathematical models
predict that effective control and/or elimination are easily impeded by
suboptimal PCT coverage and/or systematic non-participation to PCT
by a subset of individuals. Further, suboptimal coverage and systematic
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non-participation may on the one hand facilitate the development of
drug resistance through prolonged programme duration until elimination,
but on the other hand may also delay it by allowing for parasite refugia
in suboptimally treated populations. We present a novel individual-

based model for evolution of polygenic drug resistance in helminth
populations that accounts for aggregation of helminths in human hosts,
human demography, patterns in PCT uptake (including systematic non-
participation), sexual mating of parasites, genetic drift, and variation

and heritability of parasite traits for drug resistance. The model has been
quantified for transmission and control of the three major STH species
(ascariasis, trichuriasis, hookworm), and has been used to simulate and
explore the impact of various levels of drug efficacy, PCT coverage, and
systematic non-participation to PCT on the speed at which polygenic drug
resistance evolves in STH populations under varying assumptions about
variation and heritability of parasite traits for drug resistance. Based on
these explorative simulations, we provide a first-time estimate of the time
horizon within which we can expect polygenic drug resistance to develop
in STH populations as a result of PCT.

DIFFERENTIAL IMPACT OF MASS AND TARGETED
DEWORMING CAMPAIGNS FOR SOIL-TRANSMITTED
HELMINTH CONTROL IN CHILDREN: A SYSTEMATIC REVIEW
AND META-ANALYSIS

Susana Vaz Nery, Archie C. Clements, Suhail A. Doi, Dongxu
Wang, Suzy J. Campbell, Darren Gray, Naomi E. E. Clarke

Australian National University, Canberra, Australia

Soil-transmitted helminth (STH) infections are an important global

health issue, causing significant morbidity among the world’s poorest
populations. Regular delivery of anthelminthic chemotherapy is the
principal strategy for STH control. As children harbour the largest burden
of STH-associated morbidity, deworming medications are often targeted
to school-aged children. However, recent modelling studies suggest that
deworming campaigns should be expanded community-wide to have

an impact on STH transmission.This systematic review and meta-analysis
aimed to compare the impact of community-wide and child-targeted
anthelminthic delivery strategies on STH prevalence in school-aged
children.Studies reporting STH prevalence before and after child-targeted
or community-wide treatment were identified searching MEDLINE,
EMBASE, and Web of Science. Data extracted included drug administration
strategy, drug dose, number of deworming rounds, treatment coverage,
diagnostic method, follow-up interval, and STH prevalence before and
after treatment. Inverse variance weighted generalised linear models were
used to examine the impact of community-wide vs child-targeted drug
administration on prevalence reduction in school-aged children.56 studies
were included. Results of the regression models show a significantly
greater prevalence reduction in children following community-wide
deworming, compared to child-targeted deworming, for both Ascaris
lumbricoides (OR 16.39; 95%Cl 2.14-125.85) and hookworm (OR

4.62; 95%Cl 1.85-11.57).The results of this meta-analysis suggest

that expanding periodic chemotherapy for STH from child-targeted to
community-wide is likely to result in reduced prevalence of STH among
the high-risk group of school-aged children, which may lead to decreased
morbidity. Findings are in support of recent calls for a re-evaluation of
global STH control guidelines.

RESULTS OF A COMBINED PUBLIC HEALTH INTERVENTION
AGAINST STRONGYLOIDES STERCORALIS IN AN
ARGENTINIAN ENDEMIC REGION MONITORED THROUGH
NIE-ELISA

Paola Vargas’, Adriana Echazy', Marisa Juarez', Pamela Cajal’,
Nicolas Caro’, Julio Nasser?, Alejandro Krolewiecki?, Rubén
Cimino’

'Instituto de Investigaciones en Enfermedades Tropicales-Universidad
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Northwestern Argentina is a hyperendemic area for soil transmitted
helminth infection, where annual deworming programs are carried out
in prioritized areas for its control. In the particular case of Strongyloides
stercoralis, high prevalence was reported in this area (30-50%); therefore,
ivermectin has been included in the chemotherapy. In this context,
assessing the S. stercoralis response to therapy in the treated population
has become a major concern. The NIE ELISA was used for this purpose
since it proved to be more sensitive than conventional parasitological
techniques for the diagnosis of S. stercoralis. This community trial was
conducted in two groups of patients, classified according to differences
in housing and living conditions. After the first sampling and deworming
(Massive Drug Administration, MDA), Group 1 (G1) was moved to new
households with drinking water access and improved sanitation facilities
(MDA+WAS intervention); while Group 2 (G2) remained living in less
developed conditions with unimproved drinking water and sanitation
(MDA intervention). The mean interval times between baseline (Base)
and the follow up (F/U) were 359 days for G1 and 478 for G2. Anti-NIE
antibody titers (Optical Density, OD) were measured for each individual
before and after interventions (paired sera). A follow up OD ratio (OD,,/
0D,,..) was calculated to quantify the variation in antibody titers. A
significant decrease of the anti-NIE titers (p<0.0001) between Base and
F/U was observed in both groups. Nonetheless the number of patients
who achieved the cure criteria (ODratio<0.6) was different between
groups: G1: 75% (24/32); G2: 45% (17/38) (p=0.038). We found that
NIE ELISA is a useful test for assessing the response to treatment and to
evaluate the outcome of control interventions in the population. Following
the anthelminthic treatment, we could observe a marked decrease of
anti-NIE antibodies over the time. Furthermore, our results support that
a combined intervention including deworming and improvements in life
conditions is more effective, in terms of number of subjects cured, than
deworming only.

COMPARISON OF ALPHAVIRUS AND FLAVIVIRUS
PREVALENCE IN WESTERN KENYA

Elysse N. Grossi-Soyster’, Elizabeth A. Cooke?, Eric M. Fevre3, A.
Desiree LaBeaud!

'Stanford University School of Medicine, Stanford, CA, United States,
2International Livestock Research Institute, Nairobi, Kenya, 3Institute
of Infection and Global Health, University of Liverpool, Neston, United
Kingdom

Chikungunya virus (CHIKV) and dengue virus (DENV) are emerging
mosquito-borne viruses that are endemic in tropical environments, such
as Africa, Asia, South America, and the Caribbean. In rural areas of Africa,
DENV and CHIKV infections often go undiagnosed and unreported, as
fever presentation is commonly assumed to be a sign of malaria. The

goal of this study was to measure and compare the seroprevalence of
CHIKV and DENV (serotypes 1-4) among children (ages 5 to 14, n=250)
and adults (ages 15 to 85, n=250) in a rural village community centered
around Busia, Kenya. Samples were screened for anti-CHIKV and anti-
DENV IgG by indirect ELISA. As expected, children were less likely to be
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exposed to CHIKV (p < 0.001) than adults. For children, 141 samples
(56.4%, CI195 0.500 to 0.626) were positive for anti-CHIKV IgG, and 2
samples (0.8%, C195 0.001 to 0.029) were positive for anti-DENV IgG.
Comparatively, 195 samples (78.0%, CI95 0.724 to 0.83), and 6 samples
(2.4%, CI95 0.009 to 0.052) of the 250 samples from adult participants
were positive for anti-CHIKV IgG and anti-DENV IgG, respectively. Overall,
67.0% of participants showed seropositivity for CHIKV (CI95 0.627 to
0.711), and 1.6% of participants were seropositive for DENV (CI95 0.007
to 0.031). These results confirm the presence of alphavirus and flavivirus
exposure in western Kenya, and illustrate a significantly higher severity of
transmission compared to previous studies. Given the expansive spread of
the endemic in recent years, understanding the true severity, prevalence
and burden of infection of DENV and CHIKV is critical for predicting the
future impacts of each virus.

SEROPREVALENCE OF FLAVIVIRUSES AND ALPHAVIRUSES IN
CHILDREN IN COASTAL KENYA: A 2015 SNAPSHOT

Elysse Noel Grossi-Soyster', Francis Mutuku?, Saidi Lipi®, Charles
Ng‘ang’a®, A. Desiree LaBeaud'

'Stanford University School of Medicine, Stanford, CA, United States,
2Department of Environment and Health Sciences, Technical University
of Mombasa, Mombasa, Kenya, *Vector Borne Disease Control Unit,
Msambweni, Kenya

Some of the most emergent and destructive diseases are mosquito-
borne viruses. The non-specific symptoms of such viral infections lead to
misdiagnosis and minimal case reporting, making the true impact of such
infections difficult to determine. This cross-sectional study aims to describe
the true prevalence of flaviviruses, such as dengue virus (DENV) and West
Nile virus (WNV), and alphaviruses, such as chikungunya virus (CHIKV)
and o’nyong n'yong virus (ONNV), in an urban community on the coast
of Kenya in 2015. A subset of 700 afebrile children, aged 1-17 years, was
selected from an ongoing community cohort study. Questionnaire data,
including health history, socioeconomic status, home environment, and
mosquito exposure, was used to determine potential risk factors associated
with exposure to alpha- and/or flaviviruses. InBios CHIKjj Detect™ and
DENV Detect™ IgG ELISA kits were used to identify IgG antibodies
against DENV1-4 and CHIKV in follow-up samples. IgG seroprevalence
was 2% for CHIKV (CI95 0.8-2.9%) and 1.4% for DENV (CI95 0.6-
2.6%). Genus-specific cross-reactivity is anticipated with IgG ELISAs.
Seropositivity for anti-CHIKV IgG, indicating previous alphavirus exposure,
was associated with frequent outdoor activity (p=0.003) and lack of
utilization of mosquito avoidance measures (p=0.025). Seropositivity for
CHIKV (p=0.025) and DENV (p=0.046) was associated with mosquito
bites at night. Gender was not significantly associated with prior alpha- or
flavivirus exposure. Children as young as 5 were seropositive for either
anti-CHIKV or anti-DENV IgG, indicating active alpha- and flavivirus
transmission within the last 5 years. Children aged between 7 and 12
years were more likely to be seropositive for anti-CHIKV and anti-DENV
IgG (p<0.001) when compared to younger participants. Prevalence data
may not accurately represent the severity of exposure, infection, and
disease throughout Kenya, as the varied reports of prevalence in other
regions indicates differences that may be dependent on geographic
region. These results confirm the continued presence of alphavirus and
flavivirus exposure in children in coastal Kenya.

CHIKUNGUNYA VIRUS INFECTION IS CAUSING ACUTE
FEBRILE ILLNESS AMONG CHILDREN IN KENYA

Jimmy Hortion', David M. Vu?, Elysse N. Grossi-Soyster?, Victoria
Okuta?, Zainab Jembe?*, Priscillah Maina®, Philip Chebii*, Winnie
A. Onyango?, Charles H. King?, Bryson A. Ndenga?, Francis M.
Mutukue, A. Desiree LaBeaud?

'Ecole Normale Supérieure de Lyon, Lyon, France, *Stanford University
Department of Pediatrics, Stanford, CA, United States, *Kenya Medical
Research Institute, Kisumu, Kenya, *“Ministry of Health-Kenya, Msambweni,
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Several chikungunya virus (CHIKV) outbreaks have occurred in Africa, Asia,
and the Americas in the last decades. However, due to limited surveillance,
few serologic data are available in Africa and as a result, there is a gap in
our understanding of ongoing endemic transmission of CHIKV. Thus the
risk for CHIKV infection in African peoples remains unknown. In order

to prevent disease emergence, the dynamics of CHIKV infection must be
understood and the risk factors for transmission need to be evaluated. For
our study, we enrolled children with acute febrile illness who presented to
one of four Kenyan health centers (in Chulaimbo and Obama Children’s
Hospital in western Kenya, and Msambweni and Ukunda on the Kenyan
coast). In each region, one of the sites is localized in an urban area and
the other in a rural area, in order to determine whether the differences
between the two environments have an effect on the transmission rate

of CHIKV infection in humans. Serum samples were collected at an

initial visit and at a one-month follow-up visit for CHIKV ELISA testing.
Questionnaire data were collected to describe demography, education,
and household environment, along with clinical data. In our preliminary
screening of 125 paired acute and convalescent serum samples by ELISA
for anti-CHIKV IgG, we identified 5 cases (4%, 95% Cl 1.3% t0 9.1%)

of seroconversion. These cases demonstrate recent active transmission

of CHIKV in Kenya, both on the coast and in the west. Because of the
small number of seroconversions in our preliminary analyses, we did not
identify any differences in risk of infection associated with either urban or
rural locale. We also did not detect any link between exposure to different
water sources and seroconversion, however we did find that people

who use a river or a pond as water source were more likely to report
mosquito bites than people who have access to a public well (88.7% vs
70.2%, respectively, p<0.0001 by Fisher’s test). Further testing may reveal
important risk factors for seroconversion and will help identify potential
interventions to reduce risk of developing CHIKV infection in Kenya.

IDENTIFICATION OF FACTORS ASSOCIATED WITH CHRONIC
CHIKUNGUNYA DISEASE IN PATIENTS IN GRENADA, WEST
INDIES

Claire J. Heath', Jason Lowther?, Trevor P. Noél?, Idis Mark-
George?, Derek B. Boothroyd?, Calum N. MacPherson?, A. Desiree
LaBeaud'

'Stanford University, San Francisco, CA, United States, ?WINDREF, St.
George’s University, St. George’s, Grenada

Chikungunya virus (CHIKV) is a rapidly re-emerging arboviral pathogen
worldwide. In July 2014, an explosive CHIKV outbreak occurred in
Grenada, West Indies, infecting around 90% of the population, with a
wide spectrum of disease reported. In an estimated 50% of cases, CHIKV
infection transitions to a non-communicable painful arthritis that can
persist for years. Our understanding of the risk factors and mechanisms
underlying chronic disease are limited. Here, we conducted one-year
follow up with 240 people who were tested for CHIKV during the Grenada
outbreak and performed analyses on demographic, behavioral, exposure,
and co-morbid health factors to identify associations with chronic disease.
Physical examinations were performed and current arthritis/arthralgia
symptoms, as well as prior medical history was recorded. Participants
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also completed extensive questionnaires so that physical, psychological,
social and environmental factors could also be assessed. “Chronic” CHIKV
disease cases were defined as individuals who continue to experience
arthralgia and/or arthritis >6 months after onset of their acute CHIKV
disease that impacts activities of daily living. Demographic factors
including age (p=0.56), gender (0.058), ethnicity (0.58) and socioeconomic
status did not have an effect on the likelihood of suffering from chronic
persistent CHIKV disease. Increased mosquito avoidance behavior also

did not reduce the risk of chronic sequelae. Patients who suffered joint
pains (0.005), muscle pains (0.042), generalized body ache (0.013) and
weakness in the extremities (0.013) during acute CHIKV disease were
more likely to have chronic arthritis and arthralgia symptoms, and an
increased duration of acute disease (0.001) also increased risk. None

of the co-morbidities measured were associated with increased disease
risk. These data demonstrate that chronic CHIKV disease affects people
across the age, gender, ethnic and socioeconomic spectrum, and is not
reduced by vector avoidance activity. Management of acute symptoms and
minimization of acute disease duration could reduce chronic sequelae.

SIMULATING CHIKUNGUNYA OUTBREAKS IN COLOMBIA
USING AN AGENT-BASED MODEL

Guido F. Espaia’, John Grefenstette?, Hernando Diaz?, Fernando
delahoz-Restrepo?®, Donald Burke?, Willem van Panhuis?

"University of Notre Dame, Notre Dame, IN, United States, University
of Pittsburgh, Pittsburgh, PA, United States, *Universidad Nacional de
Colombia, Bogota, Colombia

The first chikugunya epidemic in the Americas was reported between
2013 and 2016. In this period, around 1.7 million clinical cases were
reported. Due to the lack of a vaccine, vector control was the only resource
to halt the epidemic. The response of governments to the emergency
faced challenges because of uncertainty in the possible magnitude of

the epidemic and in the cost-benefit ratio of vector control programs.

We developed an agent-based model as a tool to predict transmission
dynamics of vector-borne diseases and to assess the value of vector
control. We applied the model to chikungunya in Colombia, where half a
million cases were reported. By representing large-scale populations with
an agent-based model, we are able to reproduce population-level patterns
of the epidemic while accounting for heterogeneity of transmission using
high-resolution demographic, geographic, and climate characteristics of
the population. Also, our model allows for the evaluation of the impact
on the epidemic of individual actions, such as vector control. In the model,
transmission of the virus occurs upon human contacts with mosquitoes
in specific locations. We used population density and climate grids to
reproduce the mosquito abundance in space. Moreover, we created and
calibrated a synthetic population to represent human demographics,
contact patterns, and activities of 45 million inhabitants of Colombia. We
calibrated the model with and without vector control to incidence reports
of the first 24 weeks of the outbreak. To predict the possible spread of
the epidemic, we evaluated various schemes of geographical distribution
of vector control. Also, we validated the model predictions using the
incidence reports in Colombia available from 2014 to early 2016. These
simulation results show that giving priority to dengue-endemic areas,
notably reduces the impact of the epidemic. Furthermore, the model
predicted the shape and magnitude of the incidence curves reported in
five out of six regions of Colombia. Finally, we believe that this platform
can be used to evaluate the impact of similar transmitted viruses such as
zika or dengue.

VACCINES AGAINST EMERGING ALPHAVIRUSES

A. B. Silva, M. P. Lépez-Deber, P. Reis, S. Thapa, S. Ghimire, S.
Nallet, A. Michalec, A. Serra, D. T. Hickman, M. Pihlgren, J. G.
Wettstein, A. Pfeifer, A. Muhs

AC Immune SA, Lausanne, Switzerland

Emerging and re-emerging alphaviruses are responsible for several
important infectious diseases. Although previously confined to mainly
tropical areas, the geographic occurrence of alphaviruses now overlaps
temperate regions including urban areas due to environmental and
ecological changes, vector-host interactions and more competent viral
strains. While some alphavirus infections can be asymptomatic, others
such as those caused by Chikungunya, Ross River or O'nyong’nyong virus
can cause high fevers, debilitating myalgia, rashes and arthritic disease. In
addition, these infections are also accompanied by more severe symptoms
such as life-threatening encephalitis, myocarditis or hemorrhagic fevers.
At present, there is no specific FDA-approved medical treatment for
infection with these viruses although some concerted efforts are directed
at vaccine development. AC Immune has developed a number of various
vaccines that can generate robust and long lasting antibody responses,
independently of T cells. T cell responses raised during natural infection
or alphavirus vaccination have been linked to more severe pathology.
Moreover, T cell mediated responses are likely associated with brain
encephalitis and arthritic disease. Therefore, a highly desirable feature

in alphavirus vaccines is to induce a robust antibody response that can
neutralize the virus infection and confer lifelong protection against
recurrent re-infections, while avoiding reactive T cells. We have designed
new vaccines with different linear and conformational relevant CHIKV
peptide sequences. Results in murine models suggest that robust and
long-lasting antibody responses are raised upon vaccination and are
accompanied by low or no T cell responses. Therefore, our vaccines show
promising results against alphaviruses causing arthritis-like symptoms,

as well as other infectious diseases where T cell mediated responses are
preferably avoided.

IMMUNE PROFILING AND NETWORK MODELING OF
CHIKUNGUNYA INFECTION IN A HOSPITAL-BASED STUDY IN
NICARAGUA

Daniela Michlmayr', Adeeb Rahman?, Lionel Gresh?, Seunghee
Kim-Schulze?, Guajira P. Thomas?, Theodore Pak®, Federico
Narvaezé, Andrew Kasarskis®, Steven M. Wolinsky?, Angel
Balmaseda’, Miriam Meradg, Eva Harris’

'Division of Infectious Diseases and Vaccinology, School of Public Health,
University of California Berkeley, Berkeley, CA, United States, “Human
Immune Monitoring CoRE, Icahn School of Medicine at Mount Sinai,
New York, NY, United States, *Sustainable Sciences Institute, Managua,
Nicaragua, “Division of Infectious Diseases, Feinberg School of Medicine,
Northwestern University, Chicago, IL, United States, *Department of
Genetics and Genomic Sciences, Icahn School of Medicine at Mount
Sinai, New York, NY, United States, °Hospital Infantil Manuel de Jesus
Rivera, Ministry of Health, Managua, Nicaragua, ’Laboratorio Nacional de
Virologia, Centro Nacional de Diagdstico y Referencia, Ministry of Health,
Managua, Nicaragua, ®Department of Oncological Sciences, Tisch Cancer
Institute and the Immunology Institute, Icahn School of Medicine at Mount
Sinai, New York, NY, United States

Chikungunya virus (CHIKV) is an important emerging, mosquito-borne
arithrogenic alphavirus that causes both explosive epidemics of debilitating
rheumatic disease with fever, asthenia, skin rash and occasionally more
severe complications that can be fatal. In December 2013, an outbreak

of chikungunya in the Caribbean was reported; since then, over one
million CHIKV cases are estimated to have occurred, and most countries
of the Americas are reporting autochthonous transmission of CHIKV. It is
of global concern that the chikungunya epidemic in the Americas is still
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growing and the number of CHIKV-infected people is rising every year,
yet much remains to be defined regarding the human immune response
to CHIKV infection, especially in children. In our study, we collected acute
(day 2 or 3) and convalescent (day 15 or 16) samples from symptomatic
CHIKV-infected pediatric cases (n=42) presenting to the national pediatric
reference hospital in Managua, Nicaragua. Comprehensive innate and
adaptive immune responses were investigated by CyTOF, Luminex cytokine
assays, and RNA-seq. Initial analyses revealed that the frequencies and
phenotype of several major circulating leukocytes, particularly monocytes
and dendritic cells, as well as the cytokine and chemokine profile,

are significantly different between acute and convalescent samples.
Additionally, we have performed RNA-seq analysis at both phases

of CHIKV infection to identify differences in gene expression at the
transcriptomic level. These data are being analyzed to identify immune
signatures and potential biomarkers of CHIKV infection. All data are
being integrated for network modeling, consisting of weighted gene
co-expression network analysis (WGCENA), dynamic Bayesian networks
and key driver analysis to generate global, unbiased maps of regulatory
relationships and to uncover novel host-virus pathways and driver genes.
Our study will provide the most comprehensive immune profiling and
network analysis of the human response to CHIKV infection to date and
will help inform future diagnostics and drug therapies.

ATYPICAL CHIKUNGUNYA PRESENTATION DURING THE 2014
EPIDEMIC IN VENEZUELA

Adriana Tami', Fe M. Salazar?, Erley F. Lizarazo', Beatriz Monroy?,
Derika Lopez?, Alcira Torres?, Sarah Bethencourt®, Jelte Elsinga’,
Masja Schmidt’, Joran Slager', Dorien Beeres', Marifa F. Vincenti-
Gonzalez', Daniela Jou-Valencia', Robert Tovars, Haydee Ochoa®,
Luis Scribani”

"University of Groningen, University Medical Center Groningen,
Groningen, Netherlands, ?Servicio de Cardiologia, Ciudad Hospitalaria
“Enrique Tejera”, Valencia, Bolivarian Republic of \lenezuela, 3Servicio de
Medicina Interna, Ciudad Hospitalaria “Enrique Tejera”, Valencia, Bolivarian
Republic of Venezuela, “Servicio de Inmunologia, Ciudad Hospitalaria
“Enrique Tejera”, Valencia, Bolivarian Republic of Vienezuela, *Unidad de
Investigacion en Inmunologia (UNIVENIN), Facultad de Ciencias de la Salud,
Universidad de Carabobo, Valencia, Bolivarian Republic of Venezuela,
¢Direccion Médica, Ciudad Hospitalaria “Enrique Tejera”, Valencia,
Bolivarian Republic of Venezuela, ’Servicio de Epidemiologia, Ciudad
Hospitalaria “Enrique Tejera, Valencia, Bolivarian Republic of Venezuela

In 2014, Venezuela witnessed one of the worst epidemics ever seen
caused by a mosquito-borne virus: Chikungunya (CHIK). The virus

rapidly spread through the country affecting ~60% of the population.
Although CHIK was not considered a severe disease, during the epidemic
in Carabobo State, one of the first Venezuelan regions to be affected,
patients developing atypical CHIK presentation were soon observed. We
aimed to characterize the atypical clinical presentation of these patients
and their possible association with CHIK virus infection. Data on socio-
epidemiological factors, clinical presentation, co-morbidities, laboratory
parameters and other paraclinical investigations were collected after
informed consent from patients admitted to the main tertiary hospital of
Valencia, the capital of Carabobo State, between September-December
2014. We present data on 16 patients with a mean age of 59 years (range:
34-81) and 62.5% males. All patients reported symptoms compatible with
a previous or current CHIK infection. All presented fever and arthralgia
while 12 (75%) had also arthritis and/or rash. Incapacitating arthralgias
were reported by 10 (62.5%) patients. Thirteen patients (81.3%)
presented cardiovascular complications, mainly myocardial infarction (M,
77%), as well as angina pectoris, heart arrhythmias, acute pulmonary
edema and hypertension. The remaining patients presented renal and
neurological complications (Guillain-Barré Syndrome and viral encephalitis).
Of those initially diagnosed with a MI, one patient developed a cardiogenic
shock, resulting in death. Patients were hospitalized on average for 12
days (range: 4-35). Thirteen (81.3%) patients had underlying diseases
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of which hypertension was the most common (56.3%) followed by
diabetes (31%) and obesity (25%). The combination of hypertension

and diabetes type Il (n= 4; 25%) was the most common comorbidity
combination. Detailed clinical data and further analysis on a bigger sample
size will be presented. Knowledge on atypical presentations will improve
early diagnosis and management of these patients avoiding possible life
threatening conditions.

PREDICTORS OF PLASMA LEAKAGE IN ADULT DENGUE
PATIENTS

Ananda D. Wijewickrama', Gaveshika Abeyrathna’, Chalaka D.
Chandima’, Sunethra Gunasena?, Damayanthi Idampitiya’

'National Institute of Infectious Diseases, Angoda, Sri Lanka, ?Medical
Research Institute, Colombo, Sri Lanka

It is estimated to have 390 million Dengue infections with 96 million cases
worldwide. Mortality rate can be high ranging from 0.1% to 5%. Plasma
leakage is the commonest complication in Dengue resulting Dengue
Haemorrhagic Fever (DHF). The severity of leaking varies from individual
to individual. Severe leaking can have a high morbidity and mortality

if not detected and treated early. Therefore, it is important to detect
plasma leakage early as such patients can be monitored carefully and fluid
management can be manipulated according to the degree of leakage.
Identifying predictors of plasma leakage would enable clinicians to closely
monitor patients with such predictors to detect leaking early. Objective of
this study was to determine predictors of plasma leaking in adult Dengue
patients. All serologically confirmed Dengue patients admitted to Dengue
Management Unit, National Institute of Infectious Diseases (formerly IDH),
Angoda, Sri Lanka for four months from 1st of July 2014 were included

in a prospective Case Control Study. Patients with plasma leakage were
identified with serial ultra sound examination and were compared with
others on predetermined parameters. There were 1000 patients with
confirmed Dengue infection with 546 males and 454 females. Age ranged
from 12 to 86 years. (mean 31 yrs.). 43.8% (n= 438) patients had plasma
leakage (DHF) while 56.2% (n=562) did not have. There was no sex
difference in patients with and without fluid leakage. Out of the warning
signs in the WHO 2009 classification severe vomiting, abdominal pain and
tenderness were significantly associated with plasma leakage (p<0.05)
but not mucosal bleed or restlessness. In addition postural dizziness and
platelet counts <50,000/microliter had higher risk (p<0.05) of developing
plasma leakage as well as both overweight (BMI 23-27) and obesity

(BMI >27). This study identifies several easily identifiable and observable
parameters as predictors of plasma leakage in Dengue. These can be used
identify patients likely to develop plasma leakage and to monitor them
carefully to detect and to treat plasma leaking promptly thereby reducing
morbidity and mortality.

EARLY SEASON INCIDENCE, SUSCEPTIBILITY, AND WEATHER
PREDICTS ANNUAL DENGUE HEMORRHAGIC FEVER
INCIDENCE IN THAILAND

Stephen A. Lauer’, Krzysztof Sakrejda’, Evan L. Ray', Hannah
Clapham?, Suthanun Suthachana?, Paphanij Suangtho?, Soawapak
Hinjoy?, Sopon lamsirithaworn?, Derek A. Cummings®, Justin
Lessler?, Nicholas G. Reich’

"University of Massachusetts, Amherst, Amherst, MA, United States,
?Johns Hopkins University, Baltimore, MD, United States, *Bureau of
Epidemiology, Department of Disease Control, Nonthaburi, Thailand,
“Office of Disease Prevention and Control 1, Ministry of Public Health,
Bangkok, Thailand, *University of Florida, Gainesville, FL, United States

Dengue is a mosquito-borne infectious disease that places an immense
public health and economic burden upon Thailand. Annual outbreaks
of varying sizes pose a particular challenge to the public health system
because treatment of severe cases requires significant resources.
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Accurately forecasting these outbreaks could help public health decision-
makers implement and evaluate the efficacy of interventions. Here, we
present a statistical model to predict annual dengue hemorrhagic fever
(DHF) incidence for each Thai province in April using weather data and
observed case counts through March. We used cross validation on data
from 2000-2009 to select covariates a negative binomial generalized
additive model. Two models - the model that performed best in cross
validation and a model including only preseason incidence - were applied
to data from 2010-2014 as if conducted in real time. We compared

the results of these models to those of a baseline model that predicts

the median incidence over the past ten years. The performance of each
model varied across the administrative health regions of Thailand. The
preseason incidence model performed best overall with better predictions
than the baseline model in 63% of observed province years with a 22%
reduction in absolute error, averaging across all province years. The best
cross-validated model, including covariates for preseason incidence,
estimated relative susceptibility, rainfall, temperature, and humidity made
better predictions in Northern Thailand where weather and DHF incidence
fluctuate from year-to-year. The baseline model had the best performance
in Central Thailand, where annual DHF incidence is relatively stable. These
results demonstrate that a combination of location-specific prediction
models for dengue can aid public health decision-makers in assessing the
potential risk of an epidemic in different geographic locations.

SOCIAL CONNECTIONS AND CONTEXT IN DENGUE
TRANSMISSION

Jeon-Young Kang, Jared Aldstadt
University at Buffalo, Amherst, NY, United States

Dengue Virus (DENV) is a common arboviral disease in tropical and
subtropical countries. Given the restricted range of mosquito movement
(i.e., <100 m) and long-term immunity against the four DENV serotypes,
human activities and herd immunity play critical roles in the spread of
dengue. Specifically, individual activity spaces are socially constructed,

and are shaped by activities (e.g., daily commuting, household tasks,
social activities). Herd immunity is a limit on the number of potentially
infectious hosts in a region and provides indirect protection for susceptible
community members. In spite of a consensus on the importance of human
activities and herd immunity, it is still difficult to accurately estimate their
influence on dengue transmission. Epidemiologically significant measures
of vector population density are also difficult to obtain. This uncertainty
may be responsible for apparent conflicts in the findings of community-
scale studies of DENV transmission. In this study agent-based models
(ABM) have been used to jointly assess the effects of social networks, herd
immunity, and vector density. Sensitivity analysis was used to understand
the importance of social network attributes in terms of network type and
number of social ties. The local context, in terms of herd immunity and
mosquito density, significantly modulated sensitivity to social network
specification. The results highlight the importance of characterizing host
and vector population heterogeneity in studies of DENV transmission.
Variation in model outcomes also helps us to understand factors that
regulate the character of dengue transmission in terms of the overall
intensity and focality of infections. The findings indicate that ABMs
designed to test the effects of vaccination programs, where herd immunity
is artificially increased, could be sensitive to the structure of social
connections.

ZIKA VIRUS INFECTION IN A COHORT STUDY TO ASSESS
THE INCIDENCE OF DENGUE, STATE OF SAO PAULO, BRAZIL,
2015, 2016

Gerusa M. Figueiredo’, Expedito J. Luna’, Maria Regina
Cardoso?, José E. Levi', Alvina C. Felix', Nathalia C C. Souza', Ana
C. Souza', Sérgio R. Campos R. Campos', Walter M. Figueiredo',
Angela A. Costa', Claudio S. Pannuti’

'Instituto de Medicina Tropical Universidade de Sao Paulo, Sao Paulo,
Brazil, ?Faculdade de Saude Publica da Universidade de Sdo paulo, Sao
Paulo, Brazil

Zika virus (ZIKV) was first identified in Brazil in 2015 by reverse-
transcriptase polymerase-chain-reaction (RT-PCR) assays of serum
specimens from patients in Northeastern Brazil, who presented with

a dengue like illness that was characterized by rash, fever, myalgia,
arthralgia, and conjunctivitis. Up to the 9th 2016 epidemiologic week,
22 Brazilian states notified ZIKV infection confirmed by PCR. In August
2014, in Araraquara, a city in the State of Sao Paulo, Southeastern
Brazil, a prospective cohort for dengue surveillance was initiated through
weekly phone calls to access the incidence of dengue among children
and adolescents aged 2-16 years. 3,514 children and adolescents and
their parents agreed to participate in the study and signed an Informed
Consent Form. The follow-up showed 1,140 fever episodes and 314
confirmed dengue cases by laboratory diagnosis (NS1, gPCR IgM positive
for dengue) in December 2015. PCR was performed for 492 children
and adolescent negative for dengue, but with fewer and any sign or
symptom, to investigate Zika virus circulations. The RNA isolated was
subjected to a Real-Time PCR of a single step (“one-step”) using TagMan
Fast Virus 1-Step Master Mix (ThermoFisher, Brazil) and the set of
primers and probe as following: Primer Name Sequence SEQ 5’ 3’ 1086F
CCGCTGCCCAACACAAG 1162R CCACTAACGTTCTTTTGCAGACAT
1107-FAM AGCCTACCTTGACAAGCAGTCAGACACTCAA In Araraquara,
in 2015 occurred 1,804 dengue cases, being the largest epidemic of
recent years. In 2016, 376 autochthones cases had already occurred up
to now. In our cohort dengue cases appeared between November 2014
and August 2015 with a peak in April (117 cases). No case was positive
for ZIKV in 2014 and 2015. In 2016, until the 16th epidemiologic week
occurred 190 fever episodes with 9 dengue laboratory confirmed and 7
ZIKV confirmed by PCR in plasma with 2 also by urine. The most common
symptoms were sore though, conjunctival hyperemia, headache, rash
and pruritus. The two viruses are circulating in Araraquara, but it seems
that there has been a susceptible depletion in relation to dengue with the
concurrence of the emergence of the movement Zika virus.

INAPPARENT DENGUE VIRUS INFECTION INCIDENCE, SAO
PAULO, BRAZIL, 2014-2015

Expedito J. Luna, Gerusa M. Figueiredo, Sergio R. Campos, Jose
E. Levi, Walter M. Figueiredo, Angela A. Costa, Alvina C. Felix,
Ana C. Souza, Nathalia C. Souza, Maria R. Cardoso, Claudio S.
Pannuti

Universidade de Sao Paulo, Sao Paulo, Brazil

Inapparent dengue virus infections have implications on the agent’s
transmission. They should be considered when evaluating control
interventions such as vector control and vaccines. We have attempted
to quantify the incidence of inapparent infections that occurred during
the 2014 - 2015 dengue transmission season. A cohort study to assess
the incidence of dengue among children and adolescents, from 2 to 16
years of age, in a previously recognized as a low endemic setting has
started in August, 2014. A random sample of children and adolescents
was selected from the population of Araraquara, a city in Central Sao
Paulo State. Home visits were made to the families of selected children,
to present the study and invite them to participate. The one who agreed
to participate signed an Informed Consent Form. An interview on socio-
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demographic characteristics was carried out and blood samples from the
selected children were drawn for dengue baseline serology. Dengue IgG
antibodies were tested by enzyme-linked immunosorbant assay (ELISA).
Families are being contacted weekly for fever surveillance. Fever cases are
submitted to dengue diagnosis tests. One year after recruitment a new
blood sample was collected for IgG serology, in order to assess inapparent
infections. The baseline seroprevalence of dengue IgG antibodies among
the cohort participants was 15.3%. In the 2014/2015 dengue epidemic
season the cumulative incidence of symptomatic laboratory confirmed
dengue was 8.9%. The analysis of the one-year follow up samples is still
ongoing. So far, results from 3,019 (85.9%) participants are available.
Considering those who were seronegative for dengue at baseline and did
not present symptomatic dengue infection, the seroprevalence after one
year was 14.0% (320/2285), which may be interpreted as the incidence of
inapparent infections. The rate inapparent/symptomatic dengue infections
was estimated in 1: 1.6. It is lower than reported elsewhere. The sensitive
suspect case definition (fever >37.5°C) may be responsible for this result.
Unlike the incidence of symptomatic cases, the incidence of inapparent
infections was not associated to age nor sex.

DENGUE VIRAL INFECTION INDUCED CD95 EXPRESSIONS IN
DIFFERENT B CELL SUBSETS

Nattawat Onlamoon, Ampaiwan Chuansumrit, Kulkanya
Chokephaibulkit, Kanchana Tangnararatchakit, Chonnamet
Techasaensiri, Nopporn Apiwattanakul, Siyu Wang, Premrutai
Thitilertdecha, Kovit Pattanapanyasat

Mahidol University, Bangkok, Thailand

Excessive expansion of antibody secreting cell (ASC) was observed during
acute dengue viral infection. While ASC is directed against dengue viral
antigen, a marked increase in plasma cytokine levels and soluble immune
function molecules may drive these cells to become more susceptible to
undergo apoptosis. Moreover, as previous studies showed that alterations
of B cell subsets were observed by a remarkable decrease in naive and
memory B cells. It might be possible that these cells undergo apoptosis
induction through interactions between Fas or CD95 expressed on these
cells and Fas-L expressed by cross talking immature pDC or activated

NK cells. In our study, peripheral blood samples from acute dengue viral
infected patients were stained with fluorochrome conjugated monoclonal
antibodies against CD3, CD14, CD19, CD20, CD21, CD27, CD38, CD45,
CD95 and CD138. The frequency and density of CD95 expression in ASC
and B cell subsets based on the expression of CD19, CD20, CD21, CD27,
CD38 and CD138 were determined by flow cytometry. Results showed
that CD95 expression was observed in all B cell subsets. However, the
high levels of surface expression density were observed in plasmablast
and memory B cell subsets. Interestingly, the frequency of naive B cells
that express CD95 was increased when compared to healthy subjects.
Our study, therefore, provides important information on apoptosis
induction of B cell subsets during acute dengue viral infection via the
interaction between Fas and Fas-L. The results demonstrated that all B cell
subpopulations, especially plasmablast, have a potential susceptibility to
apoptosis through Fas signaling pathway. The study also suggested that

a decrease in naive B cells might be due to apoptosis induction in this
subset.

DENGUE DIVERSITY ACROSS SPATIAL AND TEMPORAL
SCALES: LOCAL STRUCTURE AND THE IMPACT OF HOST
POPULATION SIZE

Henrik Salje’, Justin Lessler’, Irina Maljkovic Berry?, Melanie
Melendrez?, Siripen Kalanaooj?, Atchareeya A-Nuegoonpipat?,
Sumalee Chanama“, Somchai Sangkijporn4, Ananda Nisalak®,
Robert Gibbons®, Sopon lamsirithaworn?, Louis Macareos, In-Kyu
Yoons, Areerat Sangasang®, Richard Jarman?, Derek Cummings’
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>Queen Sirikit Hospital, Bangkok, Thailand, “Ministry of Public Health,
Bangkok, Thailand, *Armed Forces Research Institute of Medical Sciences,
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The micro-scale transmission dynamics of dengue ultimately determine
who gets sick and the impact of interventions. Phylogeographic methods
have been used to characterize pathogen dispersal at global and regional
scales, but have yielded few insights into the local spatio-temporal
structure of endemic transmission. Dengue virus infects >300 million
people annually. Key mechanisms of introduction and maintenance
remain unknown, including the number of distinct transmission chains
that co-circulate within populations across different spatial scales. We
geolocated 17,291 serotyped cases from Thailand from a 17 year period
(1994-2010) and sequenced 800 viruses. We developed methods that
compare the genetic similarity between viruses with the spatial distance
between their locations to estimate the number of discrete transmission
chains circulating within any area. We found that on average, 64% (95%
Cl: 41%-75%) of cases <200m apart in Bangkok were from the same
chain (defined as having a common ancestor from the same dengue
season) compared to 3% for cases <5km apart (95% Cl: 1%-4%). Within
200m there were on average 1.7 transmission chains during a season,
and with every 10-fold increase in population the number of chains
increased 7-fold. However, there were significant heterogeneities across
the city. Further, we found saturation in the number of chains circulating
in equal sized areas at population densities >7,000/km2. We replicated
these patterns using simulations where incidence is driven by local,
density-dependent transmission; suggesting that ecological interactions in
high-density environments limit the number of independent chains. We
also found evidence for separation between national epidemics across
Southeast Asia, suggesting minimal viral flow across borders. These results
reveal hyper-local epidemics within a season and self-supporting dynamics
within Thailand over the long-term. This study provides a framework for
characterizing the number of independent transmission chains circulating
within any community, with key implications for understanding local
trends, including the impact of control efforts.

AEDES ALBOPICTUS MIDGUT CELL LINE: A PRISTINE CELL
LINE FOR IN VITRO STUDY OF ARBOVIRAL PATHOGENESIS

Enakshi Roy', Moonmoon Sinha', Satadal Das', Debabrata
Sarkar', Debadatta Nayak?, Anil Khurana?, Rajkumar Manchanda?,
Rajkumar Manchanda?

'Dr. A C Regional Research Institute, Kolkata, India, ?CCRH, Ministry of
AYUSH, Govt. of India, New Delhi, India

The successful vaccine production for many arboviral diseases is hindered
due to a very common problem i.e. non-availability of appropriate cell
line, which mimics the microenvironment of the viral pathogenesis

inside a host, providing an artificial cellular milieu for the virus to grow
and multiply in vitro. Till date, many cell lines have been prepared from
embryo, eggs and larvae of mosquitoes, which are extensively used for
culturing arboviruses, but most of the arboviruses like Dengue virus, West
Nile virus, Chikungunya virus, Japanese encephalitis virus, etc mainly
infect the midgut of the mosquitoes; rendering available mosquito cell
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lines inappropriate models for study of host-viral interactions. In this
study, wild Aedes albopictus mosquitoes collected from different parts of
Kolkata, India, were identified by an entomologist and were dissected to
separate the midgut. Light microscopic and electron microscopic study of
the cellular pattern on the mosquito midgut surface revealed the presence
of stem cells, columnar cells, goblet cells and regenerative cells. Stained
histological sections of midgut showed mucous coat enclosing the basal
lamina on which the cells are embedded. Depending on the number

of microvilli and microvilli-associated network, the posterior part of the
midgut was targeted for preparation of the cell culture as it is the primary
entry site for most of the arboviruses. The prepared cell culture was found
stable without any lot to lot variation. The midgut cell culture was then
challenged with dengue virus and then one alternative medicine “Rhus
toxicodendron 6¢” which is believed to be effective in dengue fever was
tested for its efficacy as entry barrier and/or escape barrier in the primary
cell line along with controls. Morphological changes were also analyzed.
The medicine appeared to provide effective protection of the cell lines
from dengue virus infection. Thus, the results of this study open up a new
platform to study how arboviruses are normally able to surmount midgut
infectivity barrier and midgut escape barrier, which will provide a better
understanding of the innate host-viral interaction mechanism.

A FULLY-HUMAN HYPERIMMUNE POLYCLONAL ANTIBODY
PRODUCT FROM TRANSCHROMOSOMIC BOVINES TO TREAT
DENGUE INFECTIONS

Thomas C. Luke’, Eddie Sullivanz, Hua Wu?, Jin-an Jiao?,
Kanakatte Raviprakash?

'Naval Medical Research Center, The Henry Jackson Foundation, Silver
Spring, MD, United States, °SAB Biotherapeutics, Inc., Sioux Falls, SD,
United States, *Naval Medical Research Center, Silver Spring, MD, United
States

No specific therapeutic is available to prevent or treat classical or

severe dengue infections. Passive immunotherapy with target-specific
immunoglobulin (IgG) is effective in the treatment of toxin, venom and
pathogen mediated diseases. Current target-specific immunotherapeutics
are either polyclonal IgGs, derived from human or animal plasma, or
monoclonal antibodies. Each production approach has limitations.

Human derived IgG (or convalescent plasma) require the recruitment of
convalescent human donors in sufficient numbers. Monoclonal antibodies
require lengthy development periods and pose the risk of escape mutants.
Both these approaches can be prohibitively expensive. Animal derived
heterotypic-antibody IgGs can cause severe reactions. Transchromosomic
bovines (Tc-bovine) provide an alternative method to economically produce
large quantities of target-specific IgG with fully-human antibodies. Tc-
bovines have had their repertoire of bovine antibody genes deleted, and
instead carry a human artificial chromosome containing the full repertoire
of human antibody genes. Tc-bovines can rapidly produce up to 600 grams
per month of hyperimmune, multi-pathogen, fully-human immunoglobulin
(hlgG) to prevent and treat human diseases. Tc-bovines were
hyperimmunized with psoralen inactivated tetravalent dengue vaccine
(serotypes 1-4) and a purified Tc-bovine higG (SAB-123) with tetravalent
dengue virus neutralization titers up to 2560 was produced. Four groups
of Cynomolgous monkeys (n=3) infected with 55 PFU of dengue 1 on
day O were infused with 100 mg/kg of SAB-123 on days -1 (prophylactic),
+2 or +1&3 (therapeutic) or negative control higG on day -1. Control
animals infused on day -1 all had detectable viremia on days 2-6. Those
receiving SAB-123 on day -1 and day 1&3 had no detectable viremia at
any time. Those receiving SAB-123 on day 2 only had detectable viremia
for one day prior to transfusion. Similar hlgG therapeutic products for two
separate infectious disease indications have obtained FDA clearance for
clinical testing. These results warrant human evaluation of this product for
treatment of dengue infections.

CHARACTERIZATION OF CYD DENGUE VACCINE VIRUSES
WITH HUMAN MONOCLONAL ANTIBODIES TARGETING KEY
CONFORMATIONAL EPITOPES

Valérie Lecouturier', Catherine Berry', Aure Saulnier?, Sophie
Naville', Catherine Manin', Gopal Sapparapu?, James E. Crowe?,
Florence Boudet', Bruno Guy'

'Sanofi Pasteur, Marcy I'etoile, France, ?Vanderbilt Vaccine Center,
Vanderbilt University, Nashville, TN, United States

The Sanofi Pasteur CYD tetravalent dengue vaccine, which is now licensed
in several dengue endemic countries, demonstrated significant efficacy

in phase Il studies with differences between serotypes. To characterize
the quality and specificity of vaccine-induced antibody responses, we
investigated the surface epitopes on each vaccine virus serotype using
human monoclonal antibodies (MAbs). These antibodies have previously
been shown to target conformational/quaternary epitopes, to be highly
neutralizing, and either serotype-specific against DENV1 (1F4), DENV2
(2D22) or DENV3 (5J7) or cross-reactive against the 4 serotypes (1C19).

A DEN4-specific antibody was not available at the time of the study. We
monitored the binding of 1F4, 2D22, 5J7 and 1C19 with the vaccine
monovalent lots included in Phase Ill clinical formulations using the
following assays: Dot Blots, ELISA, Biacore® and PRNT. We used attenuated
DENV as positive controls and some immature viruses or VLPs as negative
controls for anti-DENV reactivity. Assays were set up and calibrated with
cross-reactive anti-Envelope mouse monoclonal antibodies. In each assay,
the CYD1, 2 and 3 vaccine viruses were found to be recognized by the
MADbs with the expected specificity, and were strongly neutralized at
levels comparable with those previously reported with wild type DENV.
Biacore® further indicated a high functional affinity. Overall, these
findings demonstrate that the CYD dengue vaccine viruses display

key conformational and functional epitopes of wild type DENV. Future
investigations will assess the neutralizing antibody response elicited by the
CYD tetravalent vaccine against these critical epitopes, and how it relates
with vaccine efficacy.

PERIODICITY (LONG-TERM AND SHORT-TERM CYCLES) OF
DENGUE IN VENEZUELA

Maria F. Vincenti-Gonzalez', Maria E. Grillet?, Erley Lizarazo?,
Francisco Laguna?, Adriana Tami®

"University Medical Center Groningen, Groningen, Netherlands,
Laboratory of Vector Biology and Parasite, Institute of Tropical Zoology
and Ecology, Faculty of Science, Central University of Vlenezuela, Caracas,
Bolivarian Republic of Venezuela, *University Medical Center Groningen.,
Groningen, Netherlands

Mosquito-borne viruses are becoming major public health problems
throughout the tropical and subtropical regions of the world. In Venezuela
(South America), despite control measures, transmission of dengue virus
(DENV) has become perennial with three large epidemics in the past
decade. The long-term pattern of this disease has involved not only a
general upward trend in cases but also a dramatic increase in the size

of epidemic outbreaks. Previous studies indicate that DENV multiyear
cycles are the result of both extrinsic (e.g. climate variability) and intrinsic
(e.g. herd immunity and host susceptibility) factors. Here, we first
explored the periodicity of dengue incidence in time-series of data (24
years) from several regions of Venezuela using wavelet analyses (WA),

a statistical approach specifically developed for non-stationary patterns.
Significant cycles of 1- to 3-year periods were identified. Additionally,

we determined whether disease epidemics were related to local climate
variability and regional climate anomalies such as the El Nifio Southern
Oscillation (ENSO) using WA to identify time- and frequency-specific
associations. Understanding the periodicity of dengue in Venezuela can
give useful insights about arbovirosis outbreaks. Indeed, the years 2014
and 2015 were marked by two relevant outbreaks of the emergent viruses:
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chikungunya and zika. Therefore, our findings may be used to forecast
dengue and other vector-borne viral epidemics and to improve disease
surveillance and control strategies.

USE OF THE DENGUE HUMAN CHALLENGE MODEL TO
CHARACTERIZE THE ROLE OF HETEROTYPIC ANTIBODY IN
PROTECTION AGAINST DENGUE INFECTION

Anna P. Durbin’, Beth D. Kirkpatrick?, Kristen K. Pierce?, Gina
Meza Hults', Eve Ostrowski’, Cecilia M. Tibery’, Palmtama L.
Grier', Beulah P. Sabundayo?’, Cathy J. Larsson?, Yolanda Eby?,
Helen He', Sean A. Diehl?, Cassandra Ventrone?, Marya P.
Carmolliz, Aravinda de Silva3, Stephen S. Whitehead*

"Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United
States, 2University of Vermont College of Medicine, Burlington, VT, United
States, *University of North Carolina, Chapel Hill, NC, United States,
“National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, MD, United States

Dengue has become the most important mosquito-borne virus in the
world resulting in nearly 400 million infections annually. There are four
dengue virus (DENV) serotypes, each capable of causing the full spectrum
of illness. This can range from an asymptomatic or mildly symptomatic
infection to a life-threatening vascular leak syndrome. It is generally
believed that infection with one DENV serotype confers long-lived
protection against symptomatic re-infection with that same serotype

but only short-lived (~3 months) protection against infection with a
heterotypic DENV. We sought to test this paradigm using our controlled
dengue human challenge model. Twenty-four flavivirus-naive subjects
were enrolled in a randomized, placebo-controlled, double-blind trial. The
treatment assignments remained blinded until study day 270. Eighteen
subjects received a trivalent mixture of the live attenuated candidate
DENV vaccines rDEN1A30, rDEN3A30/31, and rDEN4Aa30. Eight subjects
received placebo. Six months later, all returning subjects were given

the DENV-2 challenge virus DEN2A30. Following receipt of the trivalent
admixture 15 subjects developed rash (83%) and 11/18 (61%) had one or
more DENV recovered from the blood. rDEN3A30/31 was recovered from
7 subjects, rDENTA30 from 5 subjects, and rDEN4A30 from 2 subjects.
Twenty-one subjects returned for challenge (15 trivalent recipients and

6 controls). Following challenge with DEN2A30, only 3 (20%) of those
subjects who had received the trivalent mixture developed rash compared
with 83% of the controls, indicating that the trivalent mixture imparted
some protection against the challenge virus. The clinical, virologic, and
serologic responses following administration of the trivalent admixture
and following DENV-2 challenge will be presented. The role of heterotypic
antibody and cellular immune responses will be discussed.

LONGITUDINAL ANALYSIS OF B CELL RESPONSE TO
INFECTION WITH A DENGUE-2 CHALLENGE VIRUS

Huy Tu', Usha K. Nivarthi?, Daniel Emerling?, Douglas G.
Widman?, Ralph Baric*, Kristen Pierce®, Stephen S. Whitehead?,
Beth D. Kirkpatrick®, Anna P. Durbin’, Aravinda M. de Silva?, Sean
A. Diehl’

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

The four dengue virus (DENV) serotypes are the leading cause of arboviral
disease globally, with 390 million new infections annually, and more than
40% of the world’s population at risk. Both serotype-specific and cross-
reactive antibody responses are observed at the population level, but the
temporal patterns of how such antibodies emerge on an individual basis
after primary DENV infection are not clear. A better understanding of

the antibody response to primary infection can elucidate how circulating
DENV-specific antibodies afford protection versus lead to risk of disease
enhancement in secondary heterologous infection or vaccination. To
address this, we analyzed the clonal evolution of B cells from the early
plasmablast stage to the late memory stage in subjects from a controlled
DENV human infection model. In a representative subject infected with
DENV2 challenge virus we used Immune Repertoire Capture (IRC™)
technology to identify over 400 unique, natively paired antibody heavy
and light chains in the plasmablast repertoire. At six-month post challenge,
we isolated and immortalized memory B cells from the same donor, and
found that approximately 0.7% of IgG+ memory B cells exhibited reactivity
to DENV. Most of the response was DENV2-specific though cross-reactive
responses were also observed. Understanding the kinetics of the humoral
response in this primary infection model will increase our understanding
of the B cell evolution in response to DENV infection, and reveal insights
on how specific vaccine components may be tailored immunogenically to
maximize protective effect while minimizing risk.

DENV PREEXISTING IMMUNITY EFFECT ON ZIKV INFECTION
AND THE RELIABILITY OF DIAGNOSIS IN AN AREA WITH CO-
CIRCULATION OF SEVERAL ARBOVIRUSES

Berlin L. Londono-Renteria’, Andrea Troupin', Jenny C.
Cardenas?, Miguel A. Sanabria?, Elsi Entrena3, Tonya M. Colpitts’

"University of South Carolina, Columbia, SC, United States, *Hospital Los
Patios, Los Patios, Colombia, *Hospital Erasmo Meoz, Cucuta, Colombia

Previous studies have demonstrated the effect of cross-reactive sub-
neutralizing antibodies in DENV severe clinical presentation. Since, DENV
and ZIKA are closely related viruses, we tested whether there is any impact
of previous DENV antibodies on ZIKV infection. To do this, we tested
serum samples collected pre and post ZIKV epidemic and evaluate ZIKV
neutralization capacity by PRNT50. On the other hand, there are several
obstacles for accurate diagnosis of vector-borne viruses in endemic areas.
The problem is significantly higher when several pathogens, with similar
clinical characteristics, co-circulate in the same area. With the latest
emergence of African arboviruses in South America, there is a need for
reliable, cost-effective tools to help in differential diagnosis, especially in
rural areas. Thus, we decided to compare the sensitivity and specificity
of a rapid test for dengue virus infection (Dengue Duo-Antigen) versus a
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molecular biology technique (qRT-PCR). We evaluated whether a particular
test is better for differential diagnosis in an endemic region of Colombia
where Dengue (DENV), Chikungunya (CHIV) and Zika (ZIKV) are often
concurrently transmitted. We will show the sensitivity and specificity

of qRT-PCR vs. Dengue Duo test, and discuss the impact of preexisting
immunity on arbovirus transmission dynamics.

VECTOR GENOTYPE INFLUENCES DENGUE VIRUS INTRA-
HOST GENETIC DIVERSITY IN MOSQUITOES

Sebastian Lequime, Albin Fontaine, Meriadeg Ar Gouilh, Isabelle
Moltini-Conclois, Louis Lambrechts

Institut Pasteur, Paris, France

During infection of their arthropod vectors, arthropod-borne viruses
(arboviruses) such as dengue viruses traverse several anatomical barriers
that are believed to cause dramatic reductions in population size. Such
population bottlenecks challenge the maintenance of viral genetic
diversity, which is considered critical for fitness and adaptability of
arboviruses. Anatomical barriers in the vector were previously associated
with both maintenance of arboviral genetic diversity and alteration of the
variant repertoire. However, the relative role of random processes and
natural selection, and the influence of vector genetic heterogeneity have
not been elucidated. In this study, we used high-throughput sequencing
to monitor dengue virus genetic diversity during infection of several
genetic backgrounds of their mosquito vector. Our results show that
initial infection of the vector is randomly founded by only a few tens

of individual virus genomes. The overall level of viral genetic diversity
generated during infection was predominantly under purifying selection
but differed significantly between mosquito genetic backgrounds. Thus,
in addition to random evolutionary forces and the purging of deleterious
mutations that shape dengue virus genetic diversity during vector
infection, our results also point to a role for vector genetic factors in the
genetic breadth of arbovirus populations.

A CLOSER LOOK AT ADE AND OAS IN THE SECONDARY
DENGUE PLASMABLAST RESPONSE

Lalita Priyamvada', Alice Cho', Nattawat Onlamoon Onlamoon?,
Kulkanya Chokephaibulkit?, Kovit Pattanapanyasat?, Rafi Ahmed',
Patrick Wilson?, Jens Wrammert'

'Emory University, Atlanta, GA, United States, 2Mahidol University,
Bangkok, Thailand, *University of Chicago, Chicago, IL, United States

Epidemiological studies have linked heterologous secondary DENV
infections with increased disease severity, implicating pre-existing immunity
in the form of antibody titers as a risk factor for severe disease. In this
study, we focus on B cell responses generated during the acute phase

of secondary DENV infection, and describe their potential to participate

in antibody dependent enhancement (ADE) and original antigenic sin
(OAS). We isolated plasmablasts from four Thai patients during ongoing
DENV?2 infection and generated 53 monoclonal antibodies by single-cell
immunoglobulin gene expression. The antibodies were largely cross-
reactive to two or more DENV serotypes, with a small subset exhibiting
serotype-specific binding and neutralization activities in vitro. Interestingly,
although all patients were infected with DENV2 at the time of the study, a
majority of the antibodies generated from two patients displayed stronger
neutralization of DENV1 than DENV2. These findings were echoed at the
serum level, where a clear bias in neutralization was observed towards
DENV1 compared to DENV2. This neutralization bias is strongly reminiscent
of OAS. Additionally, a majority of DENV-neutralizing mAbs either
moderately or potently enhanced DENV infection of U937 cells indicating
that the potential for ADE is not limited to cross-reactive mAbs. Our
studies provide basis for future work examining the impact of antibody
responses on dengue immunopathology.

DISPLAY OF QUATERNARY EPITOPES RECOGNIZED BY
DENGUE VIRUS NEUTRALIZING ANTIBODIES

Stefan Metz, Michael Miley, Jason Coffman, Shaomin Tian, Chris
Luft, Joe DeSimone, Aravinda de Silva

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

Dengue virus (DENV) is the causative agent of dengue fever and dengue
hemorrhagic fever. DENV and its mosquito vectors are widely distributed
in tropical and subtropical regions and the disease is endemic in over 100
countries. Dengue vaccine development is challenging because of need
to protect against four antigenically distinct DENV serotypes and evidence
that, under some conditions, specific immunity to the virus can enhance
disease. Recent studies have led to the identification of epitopes on the
DENV envelope (E) protein targeted by human neutralizing antibodies.
Some epitopes are preserved on the monomeric E protein, while other
epitopes are complex and require the assembly of higher order E protein
structures required for virion assembly. Here we describe studies to
optimize the display of quaternary epitopes on artificial surfaces. The
ectodomain of DENV E protein was expressed as a soluble recombinant
protein (reck), which was secreted from cells. RecE was purified from

the culture media and conjugated to a solid matrix. Using a large panel
of human and mouse derived monoclonal antibodies, we confirmed

that the conjugated protein was properly folded. Moreover, by adjusting
factors such as pH, salinity and protein density, we optimized the display
of quaternary structure neutralizing epitopes known to be critical for
inducing protective antibody responses. These results have implications
for developing novel subunit vaccines displaying quaternary epitopes from
flaviviruses.

RAPID ACTIVE SEROPREVALENCE SURVEYS AS A TOOL TO
MEASURE DENGUE VIRUS DISEASE BURDEN IN RESOURCE-
LIMITED SETTINGS

Daniel Olson’, Molly M. Lamb?, Alma Zacarias?, Maria Renee
Lopez¢, Maria Alejandra Paniagua®, Gabriela Samayoa-Reyess,
Ricardo Zambrano’, Sergio Rodriguez’, Celia Cordon-Rosales?,
Edwin J. Asturias’

"University of Colorado School of Medicine and Public Health, Aurora, CO,
United States, ?University of Colorado School of Public Health, Aurora, CO,
United States, *Fundacion para la Salud Integral de los Guatemaltecos,

La Blanca, Guatemala, “Universidad del Valle de Guatemala, Guatemala
City, Guatemala, *University of Pennsylvania Perelman School of Medicine,
Philadelphia, PA, United States, ®University of Colorado School of
Medicine, Aurora, CO, United States, ’Integra IT, Bogota, Colombia

Cost-effective surveillance systems capable of accurately detecting

acute febrile illness (AFI) are necessary to evaluate the endemic burden

of diseases such as dengue virus (DENV) and to estimate the potential
effectiveness of vaccines. Cross-sectional seroprevalence surveys are
commonly used for outbreak investigations, but they have not been
validated as a timely, cost-effective alternative to active surveillance.

We used a 2-stage cluster design (30 clusters of 7 households) to enroll
children age 0-17 years in a rural, resource-limited region of Guatemala
into two parallel surveillance systems to estimate the burden of AFI

and DENV. In the prospective Participatory Syndromic Surveillance (PSS)
arm, 207 households with 483 children (enrolled Apr-Sep 2015) were
provided a wireless internet-connected smartphone with a symptom diary
application and asked to submit weekly self-reports of fever. Subjects
reporting 2+ days of fever were visited and offered DENV testing (PCR and
IgM). In the Rapid Active cross-sectional Surveys (RAS), 377 children from
209 households (cycle 1), and 369 children from 210 households (cycle
2) from the same community were surveyed for self-reported fever within
the preceding 7 days and offered testing for DENV by IgM regardless of
symptoms, and by PCR if fever was present for 2+ days. In the PSS arm,
71 children reported AFI during 362 person-years of observation (19.6
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cases/100 person-years), and 3 of 40 (8%) tested were DENV+. In RAS
cycles 1 (Oct-Nov 2015) and 2 (Jan-Feb 2016), 74 (20%) and 53 (14%)
children reported AFl in the preceding week and 3/13 (23%) and 6/29
(21%) tested were DENV+, respectively. In logistic regression models
adjusted for sex, younger age was a significant predictor of AFI symptoms
in the RAS cycles but not in the PSS subjects. Younger age was not
associated with DENV+ AFl. Our data demonstrate a significant burden
of AFl and DENV in the community. The more cost-effective RAS cross-
sectional surveys provided more sensitive estimates of AFl incidence and
DENV infection rates than the smartphone-based PSS active surveillance
cohort, though further surveillance and data collection are needed.

NATURAL AND LABORATORY-DERIVED GENETIC VARIATION
IN DENGUE VIRUS TYPE 2 AT ENVELOPE PROTEIN POSITIONS
202 AND 203 MODULATES ANTIGENIC AND IMMUNOGENIC
PROPERTIES

Leah Katzelnick’, Chunling Wang', Theodore C. Pierson?, Derek
J. Smith3, Stephen S. Whitehead?, Eva Harris'

'Division of Infectious Diseases and Vaccinology, School of Public Health,
University of California Berkeley, Berkeley, CA, United States, “National
Institutes for Allergy and Infectious Diseases, National Institutes of Health,
Bethesda, MD, United States, *Department of Zoology, University of
Cambridge, Cambridge, United Kingdom

The four dengue virus types (DENV1-4) cause up to 400 million infections
each year. There is antigenic variation within and among the dengue
types, but the genetic determinants of DENV antigenic variation are poorly
understood. Others have shown that a single mutation at K204R (at the
dimer interface of envelope [E] domain 1) in DENV1 prototype strains
drastically alters neutralization by a monoclonal antibody that targets

a cryptic epitope exposed through virion breathing. Using antigenic
cartography with primary infection African green monkey (AGM) antisera,
we have found that a single amino acid substitution at a neighboring
position, E202K, dramatically increases neutralization by homologous

and heterologous antisera. Further, the AGM inoculated with E202K had
a response highly focused to the homologous strain and remained the
AGM'’s only detectable neutralization titer five months post-inoculation,
while the AGM inoculated with the wild-type strain had balanced
neutralization of diverse DENV2 strains. We are testing for differential
neutralization of DENV2 E202K compared with the wild-type strain using
monoclonal antibodies directed at cryptic epitopes as well as for improved
neutralization with extended incubation times, suggestive of virion
breathing. We also analyzed available E sequences in GenBank for natural
variation and found that while positions 202 and 204 are highly conserved
within and across serotypes, position 203 is naturally variable and differs
between genotypes of DENV2 as well as DENV4. Interestingly, strains with
203D, including American genotype DENV?2 strains shown by others to
be cross-neutralized by primary DENV1 antisera, cluster closer to DENV1
antisera on antigenic maps, while Asian DENV2 genotypes with 203N are
more distant from DENV1. We are testing if this antigenic difference is
caused by exposure of a cryptic epitope. Understanding the mechanistic
basis of the antigenic and immunogenic effects of genetic variation at
202-204 may provide insights into the antigenic representativeness of
laboratory-adapted strains as well as if virion flexibility is important to
DENV antigenic evolution.

CO-INFECTION OF DENGUE VIRUS BY SEROTYPES 1 AND 2 IN
A PATIENT FROM STUNG TRENG PROVINCE, CAMBODIA

Jamal Dejli', Catherine Berjohn', Vireak Heang', Agus Rachmat’,
Pichit Pin', Sophal Ouk', Chonthida Supaprom’, Rithea Leang?,
Rekol Huy?, Andrew Vaughn'

'U.S. Naval Medical Research Unit - 2, Phnom Penh, Cambodia, ?National
Center for Parasitology Entomology and Malaria Control, Phnom Penh,
Cambodia

Dengue virus (DENV), the etiological agent for dengue fever and dengue
hemorrhagic fever/dengue shock syndrome is a significant contributor to
the morbidity and mortality rates in tropical and subtropical regions of
the world, especially in Southeast Asia. There are currently four circulating
clinical serotypes, and all of them have circulated in Cambodia during the
past five years, with serotype1 (DENV-1) having historically been described
as the predominating serotype and co-infection has not been commonly
identified. Here, we describe a case of DEN-1 and DENV-2 co-infection
that represents the first reported case of this serotype combination from
Cambodia. The case was from Stung Treng Province, Cambodia, and

was enrolled in a passive febrile surveillance study cohort administered

by US Naval Medical Research Unit-2 (NAMRU-2). The case had classic
dengue fever symptoms. Both dengue rapid test and serology were
positive. Flavivirus screening was performed with Real Time-PCR and

then confirmed as DENV-1 and DENV-2 co-infection by semi-nested PCR.
The remainder of his hospital course was uncomplicated and recovered
six weeks later without sequel, corroborating with previous reports. This
case highlights the importance of dengue surveillance with serotyping.

It demonstrates that dengue co-infection with different serotypes can
occur naturally, and can go undetected if only rapid testing is performed.
Absence of serotype-specific information in individual cases may impede
clinical management, resulting in potentially unnecessary or detrimental
treatment. With such high dengue incidence rates on national and
regional levels, the availability of such information has substantial potential
benefits to population health.

MAPPING HUMAN NEUTRALIZING ANTIBODY RESPONSES
TO DENGUE VIRUS SEROTYPE 4

Usha Nivarthi', Nurgun Kose?, Gopal Sapparapu?, Benjamin
Doranz?, Daniela Weiskopf4, Alessandro Sette4, Anna Durbin?,
Stephen S. Whitehead?, Emily Gallichotte!, Douglas Widman',
Ralph Baric', James Crowe?, Aravinda de Silva'

"University of North Carolina, Chapel Hill, NC, United States, 2Vanderbilt
University Medical Center, Nashville, TN, United States, *Intergral Molecular
Inc., Philadelphia, PA, United States, “La Jolla Institute for Allergy and
Immunology, La Jolla, CA, United States, °Johns Hopkins Bloomberg
School of Public Health, Department of International Health; Center for
Immunization Research, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, United States, ®Laboratory of Infectious Diseases, National
Institute of Allergy and Infectious Diseases, National Institutes of Health,
Bethesda, MDD, United States

Dengue viruses (DENVs) are mosquito-borne flaviviruses consisting of

four serotypes (DENV1-4). Primary DENV infections develop protective
type-specific neutralizing antibodies, only to the serotype of exposure

that target predominantly the quaternary structure epitopes. While
specific quaternary epitopes responsible for the neutralization of DENV
serotypes 1, 2 and 3 have been well defined, very little is known about
the molecular basis of serotype 4 neutralization by human antibodies. This
is a significant gap because a successful dengue vaccine has to induce
protective antibodies to all 4 serotypes. We aimed to characterize the
human long lived plasma cell (LLPC) and memory B-cell (MBC) derived
neutralizing antibody responses in people exposed to primary DENV4
infections. To characterize the LLPC-derived responses, specific populations
of antibodies were depleted from naturally infected DENV4 immune
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subjects and DENV4 NIH monovalent vaccine recipients. In parallel, MBCs
from naturally infected DENV4 immune subjects were transformed with
Epstein Bar virus (EBV) to produce human hybridomas secreting DENV4-
specific hMAbs. Two type-specific DENV4 neutralizing hMAbs were
isolated and epitope mapped using binding and neutralization assays with
wild type and recombinant DENVs. Further, shotgun mutagenesis studies
aided in mapping the critical residues for these monoclonal antibodies.
Antibody depletion studies showed that the DENV4 immune subjects had
type-specific antibodies that strongly neutralized DENV4 only. These serum
properties were also reflected in two hMADbs that strongly neutralized
DENV4 only. The epitopes of the two DENV4 antibodies were mapped

to the EDI/EDII hinge region. Importantly, LLPCs and MBCs in the subject
from which the mAbs were isolated targeted the same epitope regions.

A significant proportion of the type-specific responses induced in the

NIH DENV4 monovalent vaccine recipients were also directed to the EDI/

Il region. We will discuss the specific location of the DENV4 neutralizing
site and also the implications of our work for natural infection and dengue
vaccine induced antibody responses.

DETERMINING THE EFFICACY OF LARVIVOROUS FISH,
COMMUNITY ENGAGEMENT, AND A NOVEL SLOW
RELEASE PYRIPROXYFEN FORMULATION SUMILARV®
2MR ON DENGUE VECTORS (AEDES AEGYPTI AND AEDES
ALBOPICTUS) IN CAMBODIA: A CLUSTER RANDOMIZED
TRIAL

John Hustedt', Dyna Doum’, Vanney Keo', Ly Sokha?, BunLeng
Sam?, Vibol Chan?, Neal Alexander4, John Bradley?, Didot B.
Prasetyo®, Agus Rachmats, Sergio Lopes', Muhammad Shafiques,
Rithea Leang?, Jeffrey Hii¢

"Malaria Consoritum, Phnom Penh, Cambodia, ?Cambodian National
Dengue Control Program, Phnom Penh, Cambodia, *World Health
Organization, Phnom Penh, Cambodia, “London School of Hygiene &
Tropical Medicine, London, United Kingdom, *U.S. Naval Medical Research
Unit-2, Phnom Penh, Cambodia, ®Malaria Consoritum, Bangkok, Thailand

Asia records 70 percent of the 390 million dengue infections occurring
each year, and Cambodia has one of the highest per-capita incidence
rates in the region. Due to the relatively high cost of the current vector
control methods and documented insecticide resistance in Cambodia
there is an urgent need to find alternative cost-effective solutions for
Aedes vector control that are operationally feasible by the National
Dengue Control Program. A cluster randomized, controlled superiority
trial was developed to establish the effectiveness of an integrated vector
management approach using guppy fish (Poecilia reticulata), a new slow
release pyriproxyfen matrix (Sumilarv® 2MR), and community engagement
through a clear Community for Behavioral Impact (COMBI) strategy.

The trial based in Kampong Cham, Cambodia includes 30 clusters with
approximately 200 households (1000 individuals) per cluster and runs
from October 2015-October 2016. The clusters were randomly assigned
with a 1:1:1 allocation through a public randomization process to one

of three arms; (1) all interventions, (2) guppies and COMBI activities, and
(3) control. The control area receives only interventions currently available
through the government, which currently includes insecticide distribution
and health education during outbreaks. To avoid spillover effects, clusters
are at least 200 meters from the nearest household as Aedes aegypti in
this region have an average flight range of 50-100m. The primary outcome
is the population density of adult female Aedes, and will be evaluated
through four entomological surveys. Secondary outcomes include classical
Stegomyia indexes, coverage rates of the intervention, and changes in
Knowledge, Attitudes, and Practices (KAP) indicators evaluated through
monthly monitoring forms and baseline/endline KAP surveys. Polymerase
chain reaction will be used to determine dengue virus rates in adult female
Aedes mosquitoes. The results of the trial will be used to inform policy
recommendations for Cambodia.

DENGUE OUTBREAK IN EAST DELHI, DELHI STATE, INDIA,
2015

Dundaiah Somashekar, Venkatesh B. Govindappa
East Delhi Municipal Corporation, Delhi, India

Dengue has emerged as a major vector borne public health problem in
India. It is endemic in capital city-state, Delhi, which experienced its largest
ever dengue outbreak in 2015. An outbreak investigation was conducted
in the East Delhi Municipal Corporation (EDMC) area with objectives to
characterize outbreak features and to assess risk factors. A case of dengue
was defined as “any person residing in EDMC area and had fever (2-7
days duration) between 14th May and 18th December, 2015 and tested
positive for IgM ELISA or NS1 antigen ELISA”. We prepared a line list and
conducted descriptive analysis. We analyzed larval survey data. A 1:2 case
control study was conducted to assess risk factors. Controls were persons
from case’s neighborhood with no fever history. We collected data on
living conditions, domestic mosquito breeding sites, vector control and
personal protection measures. There were 1775 dengue cases including

8 deaths. Age group 10 to 14 years (273 cases, 16.5%) most affected.
Males were 1038 (61%). Median age was 21 years (Range: 7 months to
88yrs). Attack rate was 44 per 100,000 population. NS1 antigen ELISA test
was positive in 1169(66%) cases. There was circulation of DENV 2 and 4
sero-types. In August, Aedes mosquito breeding detected in 14 per 1000
house visits and Breteau index was 15. Risk of dengue was more in those
lived in overcrowded houses (OR 2.02, 95% Cl 1.2-3.2), stored water in
containers (OR 1.8, 95% Cl 0.8-3.9), dumped waste disposables around/
over the house (OR 1.6, 95% Cl 0.7-3.6), spent day time in work place

or school (OR 1.6, 95% Cl 0.9-2.8) and low education (OR 1.4, 95% Cl
0.8-2.3). Less risk was among those used larvicide in desert cooler (OR
0.3, 95% C1 0.08-1.1), worn trouser and full sleeved clothes (OR 0.6,
95%CI (0.4-1.1) and covered windows with mesh (OR 0.8, 95% CI 0.5-
1.3). Factors like increased Aedes mosquito breeding in key domestic sites,
circulation of multiple DENV sero-types, overcrowding and low education
led to the outbreak. Concurrent anti-larval and anti-adult measures are
needed to control Aedes mosquito. Active community participation to
monitor key breeding sites and personal protection advocacy are needed.

CORRELATION OF CLINICAL DIAGNOSIS AND DENGUE
ASSAYS IN CAMBODIA OVER SIX YEARS

Catherine M. Berjohn', Agus Rachmat', Chenda Yi', Vireak
Heang', Chonthida Supaprom’, Bolin Chum?, Sim Kheng?, Sokhal
Buth?, Andrew F. Vaughn'

"U.S. Naval Medical Research Unit-2, Phnom Penh, Cambodia,
2Communicable Disease Control Department, Phnom Penh, Cambodia,
3National Institute of Public Health, Phnom Penh, Cambodia

Dengue fever is a flavivirus infection endemic to tropical regions, estimated
to be responsible for 50-100 million infections annually. As a part of

an ongoing febrile cohort study in Cambodia, febrile patients (>38C)
presenting to regional health centers are enrolled and tested for a variety
of febrile illnesses. During the period of Jan 2010-Feb 2016, specimens
were tested for dengue with varying combinations of rapid test (NS1),
PCR, or paired ELISA, with the follow-up performed at four weeks. Of the
19,823 enrolled patients, 1,572 were given a clinical diagnosis of dengue,
but 4070 patients ultimately had at least one positive confirmatory test of
NS1, PCR, acute IgM, or convalescent IgG. Positive results were obtained
in 876 samples tested for NS1, 1272 for PCR, 1243 for acute IgM, and
2500 for convalescent IgG, resulting in 349 positive paired serologies.
Clinical diagnosis had a sensitivity of 57.5% and specificity of 90.2%, but
a PPV of 33.4 for correlation with NS1. NPV was 96.1. PCR performed
similarly in relation to clinical diagnosis (Se 43.8%, Sp 94.8%, PPV 38.7,
NPV 95.8; p<0.001). Analysis of a subset of 4667 patients for whom all
tests were performed showed only marginal differences in comparison to
the whole cohort. Clinical diagnosis performance decreased when used in
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combination with the historical gold standard of paired serologies, with a
sensitivity of 40.7%, specificity of 87.5%, and PPV of 17.1. NPV was 95.9
(p<0.001), and showed an overall positivity rate of 6.0%, as opposed to
7.3% for NS1 and 10.7% for conventional PCR. Distinct seasonality was
observed for all measures. Serotyping was performed for 1271 samples.
Predominance varied by year, but across the six years, serotype-1 was most
common (62.3%), followed by serotype-2 (23.3%), type-4 (12.5%) and
type 3 (1.9%). Dengue fever continues to be an illness with significant
morbidity in Cambodia. Newer diagnostic tools such as rapid NS1 antigen
tests and PCR should be used in resource-limited settings to supplement
clinical diagnosis. Their improved accuracy may help reduce unnecessary
antimicrobial use and improve quality of care.

REGULATION OF PROTEIN TRANSLATION IN MOSQUITO
CELLS INFECTED BY DENGUE 2 VIRUS

Wei-June Chen, Jion-Nan Hou, Tien-Huang Chen, Ching-Yun
Perng

Chang Gung University, Tao-Yuan, Taiwan

Dengue virus (DENV) is naturally transmitted between humans by Aedes
mosquitoes. The virus generally replicates and amplifies to a high level

of virus progeny population in mosquito cells which usually survive

the infection. As many other viruses, DENV can modulate host protein
translational machinery that benefits for viral infection. In order to explore
its regulatory mechanism, we applied a technique of SUnSET which is

a nonradioactive measurement of protein synthesis in C6/36 cells with
DENV-2 infection. The result revealed a significant shutdown of newly
synthesized proteins in C6/36 cells infected by DENV-2. As UV-inactivated
DENV-2, it seems that virus replication after entry is required to trigger
signals for protein synthesis in mosquito cells. It has been reported that the
initiation of cap-dependent translation is a key step during the process of
protein synthesis via the assembled elF4F complex which targets 5'-cap of
mRNA, and may be hindered by the phosphorylation status of elF4E-BP, a
component of the elF4F complex. Expression level and phosphorylation of
elF4E-BP has been observed to reduce in C6/36 cells with DENV-2 infection
for 24 h. It suggested that the elF4E-BP is one important factor involving in
host cap-dependent translation of mosquito cells, particularly in the status
of DENV-2 infection. On the other hand, PERK is a signaling pathway
which may be triggered by DENV infection, causing attenuation of

protein translation, in virus-infected cells. In this study, the PERK inhibitor
(GSK2606414) was implemented to DENV-2-infected C6/36 cells, resulting
in recovery of protein synthesis, implying that this signaling pathway was
rather likely involved in modulating protein synthesis. However, it remains
to be work out for understanding how these two factors involving in
protein synthesis work together.

RECENT SCIENTIFIC AND CLINICAL ADVANCES IN SANOFI
PASTEUR’S DENGUE VACCINE PROGRAM

Nicholas Jackson', Janice Moser?, Antony Byers?, Valerie
Lecouturier?, Ernesto Luna?, Laurent Chambonneau?, Bruno Guy’,
Fernando Noriega*

'Sanofi Pasteur, Lyon, France, 2Sanofi Pasteur Vaxdesign, Orlando, FL,
United States, *Sanofi Pasteur, Marcy-I'Etoile, France, “Sanofi Pasteur,
Swiftwater, PA, United States

The first dengue vaccine has been licensed by several dengue-endemic
countries in Asia and Latin America for use in 9-45 or 9-60 year-olds.
Licensure was supported by two pivotal phase 3 trials conducted in Asia,
with 10,275 participants aged 2-14 years, and in Latin America, with
20,869 participants aged 9-16 years [NCT01373281 and NCT01374516
respectively]. Long-term safety follow-up studies, as recommended by
the WHO, are currently ongoing and available data will be presented.
Pooled efficacy results for the active surveillance period from both trials
in subjects > 9 years old demonstrated 65.6% (95%Cl 60.7-69.9),
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80.8% (70.1-87.7) and 93.2 (77.3;-98.0) efficacy against all symptomatic
virologically-confirmed dengue (VCD) cases, hospitalized cases and
severe dengue cases, respectively. During long-term follow-up in the
third year of phase 3 and 2b trials, the pooled relative risk of hospitalized
VCD cases among participants > 9 years of age was 0.50 (0.28-0.89). In
totality, these efficacy and safety data determined the currently licensed
indication. Post-phase 3 investigations focusing on the quality of vaccine-
induced responses: i) affinity and serotype-specific neutralization of
antibodies, ii) infectivity and immunogenicity of the vaccine in a relevant
in vitro tissue module (MIMIC), and iii) detection of key epitopes on

the vaccine using clinically relevant human monoclonal antibodies,

were initiated to understand the biological basis of these observed trial
results. To complement findings, immune correlates derived from PRNT50
antibody neutralization data will be presented. Together, these data
further support a vaccination strategy targeting high disease burden age
ranges, combining routine vaccination with several catch-up cohorts at
introduction would substantially reduce the burden of dengue disease in
endemic regions.

IMMUNITY TO ZIKV, DENV AND CHIKV IN A NON-ENDEMIC
HUMAN IMMUNE COHORT IN PORTLAND, OREGON

William Messer, Adam Brady, Sarah Gabriel, Brian Booty, Claire
Dorfman, Jules Weinstein

Oregon Health & Sciences University, Portland, OR, United States

Zika (ZIKV), dengue (DENV) and chikungunya (CHIKV) are the most
important emergent and epidemic mosquito-borne viruses worldwide.
These viruses often share the same vectors and frequently co-circulate.
The determinants of natural human immunity to these viruses are not
fully characterized, nor are the degrees to which immunity to one cross-
reacts with the other viruses. Moreover, their co-circulation potentially
complicates traditional serological diagnoses and poses a particular
challenge for safe and effective vaccine design. Cohorts of naturally
immune individuals are vital resources for defining the critical correlates
of ZIKV, DENV and CHIKV immunity. While international immune cohorts
are often used to study natural arboviral immunity, local immune cohorts
offer advantages over internationally based cohorts, including: 1) recruited
individuals are unlikely to be confounded by repeat infection over study
periods 2) adult recruits can provide large volume serum and cell samples
serially that can be processed locally and contemporaneously, 3) given
time, a local cohort is expected to include donors with diverse exposures
that vary over time, geography, and viruses beyond what would be found
at any single international site. Here we report demographic, travel,
medical and virus exposure data, baseline serum neutralization values,
cross-neutralizing activity between ZIKV, CHIKV and DENV immune sera
against each other as well as West Nile Virus, Yellow Fever Virus and
Japanese encephalitis virus for a human immune cohort in Portland,
Oregon. We characterize persistence of neutralization over time, evaluate
neutralizing antibody decay and report results of virus specific B-cell
frequency. Long-term we expect this cohort to provide high-value immune
sera and cells for both dissecting components of protective ZIKV, DENV
and CHIKV immunity and validating candidate targets and correlates of
long-term arboviral immunity.

SPATIOTEMPORAL ANALYSES OF DENGUE
HOSPITALIZATIONS CODED IN BRAZIL

Juliane Wunderlich', Wladimir J. Alonso?

'McGill University, Montreal, QC, Canada, ?Division of International
Epidemiology and Population Studies, Bethesda, MD, United States

Dengue is the most rapidly spreading vector-borne viral disease and now
a global health threat due to its presence in almost every tropical region

and its alarming incidence increase within the last decade. Here, we have
studied the temporal and regional epidemiological patterns of dengue in
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Brazil in order to identify factors that were associated with higher numbers
of hospitalizations from 1998 to 2013. We found that this number

had increased in recent years, with a lower incidence in the southern

part of the country. A marked seasonality was observed, with cases
peaking during periods of the year in which mosquito abundance and
activity were higher due to optimal levels of humidity and temperature.

A novel contribution of our analyses is that the seasonality of dengue
hospitalizations had a clear West-East gradient in Brazil. The analyses

also revealed a higher proportion of children that were hospitalized due

to dengue within the last 15 years, especially during strong outbreaks.
These changes are likely to be a result of multiple factors, such as the
accumulation of multitypic immunity in adults during the 20 years
following re-introduction of dengue virus into Brazil in 1986 and thus

the higher probability for children to be susceptible or monotypically
immune, and the re-emergence of the more aggressive dengue virus

strain DENV2 in 1990. Alternative explanations for the higher number

of dengue outbreaks and hospitalizations and the higher proportion of
children affected are fluctuations in serotype-specific transmission intensity,
regional variations in circulating DENV serotypes, and the density of the
vector population. Based on these results, we may speculate that the
number of children hospitalized due to dengue is likely to increase in the
southern part of the country within the next years. Our findings may allow
health systems to improve control interventions and contribute to reducing
dengue morbidity and mortality by using integrated vector control in
conjunction with early diagnosis.

HYPOXIA ENHANCES ANTIBODY-DEPENDENT DENGUE

Esther S. Gan', Wei Fun Cheong?, Kuan Rong Chan', Eugenia
Ong?, Xiaoran Chai', Hwee Cheng Tan', Sujoy Ghosh', Markus R.
Wenk?, Eng Eong Ooi

"Duke-NUS Medical School, Singapore, Singapore, National University
of Singapore, Singapore, Singapore, *Experimental Therapeutic Centre,
Singapore, Singapore

Dengue virus (DENV) has been found to replicate in lymphoid organs,
such as lymph nodes and spleen, as well as the liver in post mortem
examination. These organs universally have significantly lower oxygen
levels (lymphoid organs~0.5-4.5% O,) compared to atmospheric air
(~20% 0,) due to the vascular anatomy. How physiological oxygen levels
in the organs where DENV replicates, affect DENV infection through
hypoxia-induced changes in the immune response has, however, never
been investigated. We report here that, compared to cells cultured at 20%
0,, infection of THP1 and primary monocytes at 3% O, (hypoxia) required
4-fold more antibody for complete neutralization. Furthermore, sub-
neutralizing levels of antibodies produced 2-3 fold higher enhancement
in DENV infection under hypoxic conditions. We show that these
observations were mediated by the hypoxia-induced upregulation of
FcyRIIA but not FcyRIIB expression. High-resolution microscopy shows
that FcyRIIA directly mediates internalization of DENV immune complexes
under hypoxic conditions. Mechanistically, the stabilization of hypoxia
inducible factor (HIF1a) by hypoxia or chemically with desferrioxamine
(DFX) under 20% O, conditions both upregulated FcyRIIA. However,

DFX induced FcyRIIA expression only resulted in increased DENV immune
complex attachment but not internalization into cells. In addition to the
upregulation of FcyRIIA, a hypoxia driven but HIF1a independent increase
in membrane ether lipid concentrations is required to synergistically
increase internalization of DENV immune complexes for enhanced
infection. Our findings thus indicate that the increased viral burden
associated with secondary DENV infection is thus antibody-dependent but
hypoxia-mediated and suggest a role for targeting hypoxia-induced factor
for anti-dengue therapy.

VIREMIA AT PRESENTATION IS ASSOCIATED WITH LONG-
LIVED ANTIBODY RESPONSES TO DENGUE VIRUS

Jesse J. Waggoner', Lionel Gresh?, Alisha Mohamed-Hadley',
Angel Balmaseda?, K. James Soda*, Janaki Abeynayake', Malaya K.
Sahoo', Yuanyuan Liu, Guillermina Kuan®, Eva Harrisé, Benjamin
A. Pinsky!

'Stanford University, Palo Alto, CA, United States, *Sustainable Sciences
Institute, Managua, Nicaragua, *Centro Nacional de Diagndstico y
Referencia, Managua, Nicaragua, “Florida State University, Tallahassee,
FL, United States, *Centro de Salud Socrates Flores Vivas, Managua,
Nicaragua, °University of California Berkeley, Berkeley, CA, United States

Infection with one of four related dengue virus (DENV) serotypes is
thought to elicit life-long, serotype-specific immunity but only short-lived
immunity to the remaining 3 serotypes. This theory has been derived from
the study of typical, symptomatic DENV infections. In the current study,
we evaluated the humoral immune response to DENV infections that were
detected in febrile children clinically diagnosed with a non-dengue illness
(referred to here as atypical cases). 2,892 acute-phase serum samples
were tested for DENV by real-time RT-PCR (rRT-PCR), and viremia was
quantitated using a serotype-specific DENV multiplex rRT-PCR. Samples
were collected as part of an ongoing pediatric dengue cohort study in
Managua, Nicaragua. As part of the study, patients had healthy annual
serum samples tested using a specific Inhibition ELISA to detect total anti-
DENV antibodies. These data were used as a measure of the long-term
humoral immune response to DENV. 130 atypical cases tested positive

for DENV, and 111 had Inhibition ELISA results from paired pre- and
post-infection annual samples. 53 cases (47.8%) showed seroconversion
or a >4-fold increase in titer in pre- vs post-infection samples (referred

to as a positive Inhibition ELISA result), which was significantly lower
than expected based on data from typical, symptomatic cases (79.7%;
p<0.01). Viremia at presentation was significantly higher in atypical

cases with positive Inhibition ELISA compared to cases with negative
Inhibition ELISA [mean 7.6 (SD 1.5) vs 4.5 (SD 1.6) log10 copies/mL
serum, respectively; p<0.01), and this remained significant in multivariable
analysis (p<0.01). Atypical cases also appeared to alter the response to
subsequent (secondary) typical, symptomatic cases. All 16 patients with
two typical cases developed the expected rise in Inhibition ELISA titer
following a second DENV infection (reciprocal titer > 2560). However,

in patients with an atypical primary case, only 1/8 patients developed

the expected response (p<0.01). These data have important implications
for understanding DENV immunology, estimating DENV incidence, and
modeling virus transmission.

CHARACTERIZATION OF THE OVERWINTERING PROCESS
OF JAPANESE ENCEPHALITIS VIRUS IN CULEX SPECIES
MOSQUITOES

Yan-Jang S. Huang', Susan M. Hettenbach?, So Lee Park?,
Stephen Higgs?, Alan D. Barrett?, Lee W. Cohnstaedt#, Dana L.
Vanlandingham'

'Department of Diagnostic Medicine and Pathobiology, College of
Veterinary Medicine, Kansas State University, Manhattan, KS, United
States, ?Biosecurity Research Institute, Kansas State University, Manhattan,
KS, United States, *Department of Pathology, University of Texas Medical
Branch, Galveston, TX, United States, “Arthropod-Borne Animal Disease
Research Unit, Agriculture Research Services, United States Department of
Agriculture, Manhattan, KS, United States

Japanese encephalitis virus (JEV) is a mosquito-borne flavivirus endemic in
the Asia-Pacific region and has been continuously regarded as a potential
threat to human and veterinary public health in North America. Previously,
we and others have identified potential competent vector species and
amplification hosts of JEV in North America. These studies suggest that the
establishment of enzootic transmission is highly likely in the event of its
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introduction. A significant gap in determining the likelihood of establishing
endemic transmission of JEV in North America is whether or not the virus
can successfully overwinter in persistently infected animals. As observed
with West Nile virus, successful overwintering allows the initiation of
transmission in the spring and would ultimately lead to its establishment in
North America. Whilst persistent infection of amplification hosts can serve
as one mechanism for overwintering, persistently infected arthropods

are also considered an important mechanism for overwintering. In this
study, the overwintering process was investigated by maintaining orally
infected American mosquitoes species at 16°C. Infectious virus was
successfully recovered from infected mosquitoes demonstrating that JEV
can lead to persistent infection at lower extrinsic temperatures. Therefore,
we conclude that infection of arthropod vectors can serve as a potential
overwintering mechanism for JEV in the event of its introduction in to the
United States.

PROPOSED GUIDELINES FOR ADMINISTERING LIVE YELLOW
FEVER VACCINE TO TRAVELERS

Stephen J. Seligman
The Rockefeller University, New York, NY, United States

The risk of acquiring yellow fever (YF) remains high in large parts of sub-
Saharan Africa and South America. Travelers to endemic areas should
expect that one in seven infected individuals will become symptomatic
and 20 to 60% of symptomatic persons will succumb. Effective antivirals
are not available. The principal control mechanisms involve mosquitoes,
principally Aedes aegypti in the case of urban YF, and administration of
the effective YF vaccine. The development of large urban slums in tropical
areas facilitates the growth of Ae. aegypti in water filled containers
making mosquito control difficult. In 2001 recognition of the rare
possibility of vaccine-associated severe viscerotropic disease (YEL-AVD)
with a case fatality rate of ~63% has made it necessary to consider the
relative risks of acquiring YF and developing YEL-AVD. New guidelines

for the administration of the live YF vaccine have been proposed. The
guidelines begin with a risk assessment of prospective vaccinees in
established groups associated with increased susceptibility to YEL-AVD:
Males older than 55, women between the ages of 19 and 34 living in
non-endemic areas of Peru, people of either gender older than 76, persons
with a variety of autoimmune diseases and patients with thymomas. The
risk assessment is then used in connection with an estimate of the risk of
acquiring YF in the area of intended travel. The risk for a particular area

is influenced by continent (the risk in Africa being substantially greater
than the risk in S. America), current reports of YF activity and rainfall. In
some instances in areas of S. America the risk of YEL-AVD may be equal or
greater than the risk of YF. In situations in which the risks of both entities
are high, the recommendation is don't travel. Although currently available
information from official sources may be uninformative, judicious use of
weather and map websites may be surprisingly helpful even for isolated
rural communities in Africa and S. America. The decision to vaccinate with
the live YF vaccine has become more complex, but the vaccine remains the
most significant method for prevention of YF.

COMPREHENSIVE MUTAGENESIS OF HCV E1/E2 ENVELOPE
TO EPITOPE MAP ANTI-ENV ANTIBODIES AND FUNCTIONAL
RESIDUES CRITICAL FOR HCV INFECTIVITY

Jennifer Pfaff, Trevor Barnes, Edgar Davidson, Benjamin J.
Doranz

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

To obtain epitope maps for anti-HCV Envelope (E1/E2) monoclonal
antibodies (MAbs), we individually mutated 552 residues of HCV (H77
strain) E1/E2 to alanine. Each mutant was expressed in human cells and
analyzed for its effects on MADb reactivity. This ‘Shotgun Mutagenesis’
approach offers the capability of mapping both linear and conformational
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epitopes, even for structurally complex proteins such as the oligomeric
and glycosylated HCV Envelope protein. This approach identified critical
amino acids required for the binding of dozens of MAbs, and has also
been used to propose E2 disulfide bond cysteine pairs that are not resolved
by the available E2 crystal structures. This approach has helped define the
range of immunodominant structures on HCV E1/E2 and identify novel
neutralizing antibody epitopes that can be used for the development of
improved therapeutics, diagnostics, and vaccine candidates. In addition,
to identify residues important for HCV infectivity we produced infectious
HCV pseudoviruses from each mutant Env clone in the library. These
pseudoviruses were used to evaluate each Env clone for infectivity on
target cells. This allowed us to identify critical E1/E2 residues whose
mutation eliminated HCV infectivity, identifying crucial HCV E1/E2
structural components that enable HCV infectivity.

ANALYZING THE IMMUNE RESPONSE TO ZIKA VIRUS: A
REPORTER VIRUS PARTICLE (RVP) SYSTEM FOR SERUM
AND ANTIBODY NEUTRALIZATION ASSAYS, AND A
COMPREHENSIVE ALA-SCAN MUTATION LIBRARY OF ZIKV
PRM/E TO EPITOPE MAP ANTI-ZIKV ANTIBODIES

Chuck Whitbeck', Anu Thomas', David Tucker', Trevor Barnes?,
James E. Crowe Jr.2, Edgar Davidson', Benjamin J. Doranz'
'Integral Molecular, Inc., Philadelphia, PA, United States, ?°Departments of
Pathology, Microbiology and Immunology, Vanderbilt University, Nashville,
TN, United States

We have developed a reporter system, using pseudoinfectious reporter
virus particles (RVPs), to facilitate analyses of the immune response to Zika
virus (ZIKV) infection and anti-ZIKV vaccines. RVP-based assays provide

a rapid reliable alternative to PRNT-based assays and are particularly
suitable for high throughput screens of large panels of patient sera or
isolated MAbs. ZIKV RVPs are replication-incompetent virus particles,
antigenically equivalent to live viruses, containing the ZIKV prM and E
envelope proteins, capsid protein, and a sub-genomic replicon encoding a
reporter protein (luciferase or GFP). After infecting permissive cells, RVPs
express their reporter protein, providing a convenient and reproducible
quantitative assay for measuring the neutralizing capabilities of serum

or individual monoclonal antibodies (MAbs). To further characterize the
immune response to ZIKV infection, we have also developed a high-
throughput strategy that enables the rapid identification of both linear
and conformational antibody epitopes on ZIKV prM/E envelope proteins.
We used Shotgun Mutagenesis technology to create a comprehensive
library of 660 single mutations in ZIKV prM/E. The individual mutant
expression plasmids were arrayed into 384 well plates and transfected
into human cells to achieve native protein expression and folding. The
immunoreactivity of MAbs to the prMI/E variant in each individual well
was quantified by high-throughput flow cytometry, enabling us to map a
number of anti-ZIKV MAbs. The epitopes obtained are being correlated
with MAb abilities to neutralize ZIKV in vitro and to protect against ZIKV
infection in vivo.

EVALUATION OF SELECTED REAL-TIME RT-PCR PROTOCOLS
AIMING AT THE BEST POSSIBLE MOLECULAR DIAGNOSIS OF
ZIKA VIRUS INFECTIONS

Flavia M. Moraes, Danillo L. Esposito, Taline M. Klein, Benedito A.
Fonseca

School of Medicine of Ribeirdo Preto, Ribeirdo Preto, S.P, Brazil

Zika is an emerging infectious disease resulting from Zika virus (ZIKV)
infections and usually presenting itself by dengue-like symptoms. Clinical
manifestations of Zika, dengue and chikungunya are somewhat similar,
making it difficult to reach the diagnosis based only on clinical grounds.
To make the diagnosis even more difficult, there is an intense cross-
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reactivity between Zika and other flavivirus antibodies. Thus, the correct
diagnosis of Zika is better achieved by molecular methods, but due to
the short-lived and low titer viremia, molecular methods need to have a
high analytic sensitivity. Real-time RT-PCR (rRT-PCR) is the best diagnostic
approach available since it is possible to design protocols with no cross-
reactivity with other flaviviruses. In this study, the analytic sensitivity of
some published probe-based rRT-PCR protocols to detect ZIKV genome
was evaluated. Ten-fold serial dilutions of ZikaSPH2015 strain, titrated in
Vero cells, with a final virus concentration ranging from 1000000 to 1
virus/dilution was spiked in the serum of a flavivirus naive healthy donor.
ZIKV RNA from all dilutions, as well as from serum and urine samples
obtained from patients, was extracted and amplified by rRT-PCR with

five different pairs of primers (ZIKVA, B, C, D and E) and their respective
probe. The analytic sensitivity of each rRT-PCR protocol was evaluated

by the cycle threshold (Ct), where the lower the value the higher the
sensitivity. Among all rRT-PCR protocols, ZIKVD and ZIKVC had the lowest
and highest Ct values, respectively. Besides, ZIKVC detected only to 1000
copies/uL, while the other primers could detect virus in all dilutions. ZIKVD
also had the best sensitivity when using patients’ samples. ZIKVD rRT-PCR
protocol consistently detected ZIKV genome in serum and urine samples
while ZIKVA and ZIKVB were more reliable in urine, and ZIKVC and ZIKVE
were usually negative in any sample. In conclusion, ZIKVD rRT-PCR is the
best protocol to detect ZIKV genome in any sample. The presence of
possible mismatches between the ZikaSPH2015 strain and the sequence
used by Tappe et al to design ZIKVC primers might be the cause of its low
sensitivity.

WHOLE GENOME SEQUENCING AND PHYLOGENETIC
ANALYSIS OF ZIKA VIRUS ISOLATED IN INDONESIA

Amin Soebandrio’, Frilasita Yudhaputri', Aditya Perkasa’,
Benediktus Yohan', Sotianingsih Haryanto?, Ageng Wiyatno’,
Ungke Antonjaya3, Hidayat Trimarsanto’, Jeremy P. Ledermann?,
Ronald Rosenburg®, Ann M. Powers?, R. Tedjo Sasmono’, Khin
Saw Aye Myint!

'Eijkman Institute for Molecular Biology, Jakarta, Indonesia, ?Siloam
Hospital, Jambi, Indonesia, *Eijkman-Oxford Clinical Research Unit, Jakarta,
Indonesia, “Centers for Disease Control and Prevention, Fort Collins, CO,
United States

Zika virus (ZIKV) was isolated from serum of a febrile patient in Jambi
municipality, Sumatra, Indonesia during an outbreak of dengue-like illness
in 2014. Although human ZIKV infections are normally associated with
mild illness, WHO has declared the ZIKV outbreak a global public health
emergency because of its strong association with Guillain-Barré syndrome
and microcephaly. To understand the ZIKV evolution and its genetic
characteristics, whole genome sequencing and phylogenetic analysis was
performed on the ZIKV isolate (JMB-185). ZIKV RNA was extracted from
cell culture supernatant and subjected to sequencing employing the lon-
Torrent Next-Generation Sequencing technology. The complete genome
sequence of JMB-185 was assembled and aligned with all available ZIKV
complete genome sequences retrieved from GenBank. To evaluate the
evolutionary history of this isolate, we performed phylogenetic analysis
using the Bayesian MCMC inference method. The molecular clock
phylogeny analysis shows that the ZIKV JMB-185 strain, which shares
common ancestry and time to the most recent common ancestor (TMRCA)
with 2014 and 2013 Thailand strains around year 2008, has older lineage
than the Polynesian and the Brazilian strains linked with microcephaly
and is not closely related to those strains. The TMRCA result indicates
that the ZIKV Jambi JMB-185 strain may have been in circulation in the
South East Asia region, including Indonesia since 2008. We observed high
nucleotide sequence identity and similarity between Indonesia, Thailand,
and American strains. Further analysis including those of amino acid
substitutions is in progress.

CLINICAL CHARACTERIZATION OF ACUTE ZIKA PATIENTS IN
BRAZIL, VENEZUELA, AND EL SALVADOR IN 2015/16

Patricia Brasil', Ernesto T. Marques?, Adriana Tami3, Ernesto Pleitess
Sandoval*, Andrea Caprara®, Tereza Magalhaes?, Guilherme
Calvet', Sarah Bethencourt?, Maria G. Guzman’, Cameron P.
Simmons?, Ana Bispo', Marli Tenorio Cordeiro?, Bridget Willsg,
Kerstin Rosenberger®, Thomas Jaenisch?®

'Oswaldo Cruz Foundation, Rio de Janeiro, Brazil, ?Oswaldo Cruz
Foundation, Recife, Brazil, *University Medical Center Groningen,
Groningen, Netherlands, “Hospital National de Ninos Benjamin Bloom, San
Salvador, El Salvador, *Ceara State University, Fortaleza, Brazil, *University
of Carabobo, Valencia, Bolivarian Republic of Vienezuela, "Pedro Kouri
Institute, Havana, Cuba, éOxford University Clinical Research Unit, Ho Chi
Minh City, Vietham, °Heidelberg University Hospital, Heidelberg, Germany

Latin America and the Caribean are currently facing an epidemic of three
co-occuring arboviruses - Dengue, Chikungunya, and Zika. The multi-
center observational IDAMS study is one of the few prospective studies
capturing incident zika cases alongside with dengue and chikungunya. The
study was initiated in 2011 and patients > 5 years with undifferentiated
febrile disease within the first 72 hours were enrolled in three sites in
Brazil, Venezuela, and El Salvador. In 2015, 574 patients were recruited

in total, among them 334 in Brazil (194 in Recife, 55 in Fortaleza, 85

in Rio de Janeiro), 72 in Venezuela, and 168 in El Salvador. The aims of
the IDAMS study are to evaluate risk factors for severe dengue disease
and validate the case definition for presumptive dengue in the absence

of confirmatory laboratory testing. A broad range of clinical signs and
symptoms and laboratory values are assessed daily during the acute illness,
and at follow-up 1 week later. The study is currently ongoing and the
inclusion criteria were adapted to presence of fever and/or rash in 2016.
PCR for dengue , zika (and possibly chikungunya) viruses will be performed
on all samples from 2015 and 2016, following strict protocols. Dengue is
diagnosed by an algorithm including PCR, NS1, and IgM seroconversion.
Preliminary results show a considerable proportion of zika-PCR-positive
cases. We will describe the spectrum of clinical manifestations in zika
patients and analyze clinical and laboratory parameters associated with
zika vs. dengue at enrolment and over the course of the disease. We will
carry out multivariable regression, stratified by age group, day of illness,
and country, and assess the heterogeneity between the sites before
pooling the data. Results to be presented will include patients recruited

up to June 2016 and are expected to have considerable impact on the
validation of the zika interim case definition issued by WHO.

DETECTION AND DIFFERENTIATION OF IGM RESPONSE TO
RECENT EXPOSURE TO ZIKA AND OTHER VECTOR BORNE
VIRUSES USING A MULTIPLEXED, BEAD BASED SEROLOGY
ASSAY

Christy Weiss, Michele M. Bush, Arturo Cowes, Diamela Nunez,
Félix W. Santiago, Amy Altman

Luminex Corporation, Austin, TX, United States

Since May 2015, South and Central America have experienced an
epidemic outbreak of Zika Virus. Several travel related cases have already
been identified in the United States. Zika infection during pregnancy has
been implicated in the development of microcephaly in the developing
fetus and is thought to be responsible for an increased incidence of
Guillain-Barre syndrome. The expanding footprint of the disease, along
with the devastating neurological effects associated with Zika Virus
warrant a cost effective and specific diagnostic. In Zika infection, the
detection of viral RNA in serum is transient and is only detectable for a
few days post infection. Therefore, specific detection of IgM representing
a recent infection from a vector borne virus as a companion to molecular
detection is required in order to expand the diagnostic window. In areas
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with co-circulating vector borne viruses, serological responses must

not only be detected, but differentiated in order to provide accurate
results. An effective test also must distinguish a recent infection from
historical infections and vaccinated individuals. A serology based,
multiplex microsphere assay was developed to detect and differentiate
IgM response to Zika Virus, Chikungunya Virus, Dengue Virus (Serotypes
1-4), West Nile Virus, Yellow Fever Virus, Japanese Encephalitis Virus,

Tick Borne Encephalitis Virus, St. Louis Encephalitis Virus, and Usustu
Virus. Assay performance was established using clinical samples. The
assay demonstrates required analytical specificity and is able to detect

and differentiate each virus. The multiplex serological assay eliminates the
need for sequential testing and complicated patient care algorithms. The
multiplex format allows for simultaneous identification of IgM responses
to a group of viruses that have historically been difficult to distinguish due
to strong immunological cross reactivity and challenges with distinguishing
old verses new infections.

MAPPING THE GLOBAL DISTRIBUTION OF YELLOW FEVER

Freya Shearer
University of Oxford, Oxford, United Kingdom

The spread and recent outbreaks of Zika, dengue, yellow fever and
chikungunya viruses across the globe in 2015/16, highlight the need to
reassess our understanding of these arboviruses, including their current
distributions and potential for spread into new areas. Yellow fever is
vaccine preventable, yet incomplete coverage means that it is widely
distributed in the tropics of South America and Africa where infections
cause an estimated 29,000 to 60,000 deaths annually. Epidemiologists
have long been concerned about the introduction of yellow fever into
large urban populations of naive individuals where it can spread rapidly
from human-to-human transmitted by Aedes aegypti mosquitoes.

Earlier this year, the confirmation of yellow fever cases, imported

from an outbreak in Angola, in areas of China with established vector
populations, coupled with the depletion of vaccine stockpiles, raised
concerns that yellow fever could gain an uncontrollable foothold in Asia.
The disease has been conspicuously absent from Asia to date, despite
multiple opportunities for introduction and the apparent presence of

all components of a suitable transmission cycle, but no barriers to its
introduction have been identified so vigilance is vital. We produced high
resolution evidenced-based maps of the current distribution of yellow
fever in Africa and the Americas. These maps were derived from a boosted
regression trees model that used geo-positioned data on occurrences of
yellow fever infection, environmental and socio-economic variables, as well
as vaccination coverage data. The outputs were then used to predict areas
of suitability for yellow fever transmission in South and South East Asia.
This work furthers our understanding of the current global distribution of
yellow fever and the potential for its spread in parts of Asia.

ACUTE ENCEPHALITIS SYNDROME IN ASSAM, INDIA:
IMPORTANCE OF JAPANESE ENCEPHALITIS IN THE ADULT
POPULATION, 2014-2015

Ravi Vasanthapuram’, Lahari Saikia?, Sanjeeb Kakati?, Aditi
Baruah?, Pritikar Bowerah?, BC Bhagabati?, Reeta Mani', Shafeeq
Hameed?', Vijayalakshmi Reddy', Anita Desai', Vijaykiran Reddy’,
Leena Inamdar*, Sharon Daves*, Kayla Laserson, Padmini
Srikantiah*

'National Institute of Mental Health and Neuro Sciences, Bangalore, India,
?Assam Medical College and Hospital, Dibrugarh, Dibrugarh, India, >Assam
State Department of Health, Guwahati, India, “U.S. Centers for Disease
Control and Prevention, New Delhi, India

In India, thousands of cases of acute encephalitis syndrome (AES) are
reported each year, predominantly among children. Japanese encephalitis
virus (JEV) accounts for 13-18% of reported AES. From 2011-2015,
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Assam, a highly affected northeastern state, has reported over 1,000

AES cases annually. We conducted facility-based surveillance at Assam
Medical College (AMC) hospital to characterize illness and evaluate
potential etiologies of disease. Between Jan 2014-Dec 2015, serum

and cerebrospinal fluid (CSF) samples were collected from each patient
admitted to AMC with AES, defined as acute onset fever (>38°C) and >1
of altered mental status or seizures. Serum and CSF were tested for JEV
IgM antibodies. A diagnosis of JEV was confirmed if JEV IgM was detected
in CSF and probable if JEV IgM was detected in serum only. JEV-negative
patients were evaluated for scrub typhus IgM, dengue virus IgM, and West
Nile Virus (WNV) IgM in serum, and for bacterial/viral nucleic acids for
Streptococcus pneumoniae, Hemophilus influenzae, and herpes simplex
virus-1 (HSV) in CSF. Of 925 patients admitted with AES, 606 (66%) were
male and 491 (53%) were >15 years old. CSF was collected from 772
(83%) patients and serum from 772 (83%). Among the 925, 329 (36%)
were diagnosed with either confirmed (254, 28%) or probable (75, 8%)
JEV. Of these 329, 174 (53%) were >15 years old, and 52 (16%) died.
Among 596 JEV-negative patients, the following additional pathogens
were detected in serum: scrub typhus IgM (67/485, 14%), dengue IgM
(177408, 4%). WNV IgM was not detected in any patient. CSF molecular
testing in 254 patients indicated evidence of S. pneumoniae in 4 (2%)
and H. influenzae in 2 (1%). Of 351 evaluated, HSV was detected in 6
(2%). JEV is the most common cause of AES in Assam, is associated with
high mortality, and disproportionately affects adults, highlighting the need
for ongoing adult JEV vaccination efforts in the region. The identification
of additional treatable etiologies of illness, such as scrub typhus and
pyogenic meningitis, has important clinical management implications,

and underscores the need to employ a standardized laboratory testing
algorithm for AES.

HOSPITALIZATIONS BY HEPATITIS C BETWEEN 1998 AND
2013 IN BRAZIL: AN INTRIGUING AMAZONIAN TALE

Elisavet Serti', Wladimir J. Alonso?

'National Institute of Diabetes and Digestive and Kidney Diseases/National
Institutes of Health, Bethesda, MDD, United States, ?Fogarty International
Center/National Institutes of Health, Bethesda, MD, United States

Hepatitis C (HCV) infection is a public health problem of global
dimensions, affecting 3% of the world’ s population. In Brazil, between
2.5% and 4.9% of the population is infected with HCV. The Brazilian
Amazon region has been reported to be hyper endemic for HCV and

two other hepatotropic viruses (Hepatitis B and D). Here we explore the
temporal patterns of incidence of hospitalizations attributed to HCV in
Brazil per state and age group. We used hospitalization data from 1998 to
2013, from the nationwide administrative database of the Unified Health
System (SUS). The records of hospitalizations coded as Hepatitis C were
filtered using the codes B171 and B182 and aggregated in monthly time-
series by state and age groups. Incidences were obtained using census-
interpolated matrices. Visual inspection and spatio-temporal parameters
were obtained using the analytical software epipoi. Between 1998 and
2013, 24210 patients were hospitalized with a principal diagnosis of HCV
infection. As expected, the majority of new HCV cases (12038 patients)
were recorded in Sao Paolo that has an estimated population of 44.39
million people. However, the incidence rate of HCV-related hospitalization
was significantly higher in the region of the state of the Acre (mean
incidence rate > 0.12 and linear trend < 16x107-4) compared to all other
Brazilian states. A total of 340 hepatitis C cases were recorded in the SUS
database, the majority of which (186 cases) aged between 40 and 59
years. We detected worrying high incidence rates of HCV hospitalizations
in the Western Brazilian Amazon Region. An increased prevalence of HCV
among health care workers in Rio Branco located at the State of the Acre
has been previously reported (Parana J et al, Am J Trop Med Hyg, 2007).
If it is ruled out that the detection of HCV is exceptionally better in this
region, then the infection control services in the hospitals of the State of
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the Acre need to be urgently evaluated. Our findings indicate the need for
the implementation epidemiological awareness, prevention and control
programs for Hepatitis C in this region.

DESIGN AND VALIDATION OF A RAPID ASSAY FOR ZIKA
VIRUS IN BIOFLUIDS AND INSECT VECTORS

Rushika Perera’, Nunya Chotiwan', Connie D. Brewster?, James
Weger-Lucarelli', Claudia Rickert’, Chilinh Nguyen', Selene M.
Garcia Luna', Joseph R. Fauver’, Meg Gray', William C. Black

IV, Brian Foy', Rebekah C. Kading', Gregory D. Ebel', Sandra L.
Quackenbush?, Joel Rovnak?

"Arthropod-borne and Infectious Disease Laboratory, Dept. of
Microbiology, Immunology and Pathology, Colorado State University,
Fort Collins, CO, United States, ?Dept. of Microbiology, Immunology and
Pathology, Colorado State University, Fort Collins, CO, United States

Understanding the dynamics of Zika virus transmission and formulating
rational strategies for its control require diagnostic tools that are
appropriate for resource-poor environments. We have developed a rapid
and sensitive loop-mediated isothermal amplification (LAMP) assay that

is highly specific for the Puerto Rican Zika virus isolate, PRVABC59, and
related isolates in the Asian clade. The assay does not detect Senegalese or
Ugandan Zika isolates, or dengue, yellow fever, West Nile, or chikungunya
viruses. The conditions described for the PRVABC59-LAMP assay allow
direct detection of virus in infected cells, mosquitos, serum and blood
without reverse transcription or RNA isolation. Time to detection of a
single infectious particle in blood is 60 minutes in laboratory or field
settings. It offers rapid, specific, sensitive and inexpensive detection of the
Zika viruses currently circulating in the western hemisphere. Results from
this assay will be presented.

MAPPING GLOBAL SEASONAL SUITABILITY FOR ZIKA VIRUS
TRANSMISSION

Oliver J. Brady', Moritz U. Kraemer?, Isaac I. Bogoch?, Matthew
German?, Alexander Watts?, Simon |. Hay*, Kamran Khan?

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
2University of Oxford, Oxford, United Kingdom, 3University of Toronto,
Toronto, ON, Canada, “Institute for Health Metrics and Evaluation, Seattle,
WA, United States

Zika is a zoonotic mosquito-borne disease that became a global public
health emergency in late 2015 when it spread throughout the Americas.
While genetically similar to other globally distributed arboviruses such

as dengue and chikungunya, Zika is of particular concern due to its link
with neurological birth defects among infected pregnant mothers. Given
this potential threat and the alarming rate of spread of the virus global
predictions are urgently needed to assess where and when the virus may
spread next with enough warning to deploy surveillance, control and
diagnostic measures to protect those most at risk. Key insights into Zika
seasonality can be gained through analysing the seasonal drivers of its
principle mosquito vectors: Ae. aegypti and Ae. albopictus and their ability
to transmit viruses. Here we combine habitat suitability analyses of these
mosquito species with viral incubation period models to produce a series
of global maps that depict when the arboviral season begins and ends
around the world. This revealed broad areas of potential Zika transmission
in temperate latitudes for long periods of the year, while also showing that
the outbreak in some parts of South America may have been prematurely
ended due to seasonal forcing instead of depletion of susceptible hosts.
This could mean some populations in South America could potentially see
a return of Zika sooner than previously estimated. The resulting predictions
can be used for real time prediction of risk, better understanding past
outbreaks and preparing appropriately for future Zika outbreaks.

WORKING WITH ZIKA AND USUTU VIRUSES IN VITRO

Kelli Barr
University of Florida, Gainesville, FL, United States

Usutu (USUV) and Zika (ZIKV) viruses are emerging arboviruses of
significant medical and veterinary importance. These viruses have not
been studied as well as other medically important arboviruses such as
West Nile (WNV), dengue (DENV), or chikungunya (CHIKV) viruses. As
such, information regarding the behavior of ZIKV and USUV viruses

in the laboratory is dated. Usutu virus re-emerged in Austria in 2001

and has since spread throughout the European and Asian continents
causing significant mortality among birds. Zika virus has recently
appeared in the Americas and has exhibited unique characteristics of
pathogenesis, including birth defects and transmission. Information

about the characteristics of USUV and ZIKA viruses are needed to better
understand the transmission, dispersal, and adaptation of these viruses

in new environments. Since their initial characterization in the middle

of last century, technologies and reagents have been developed that
could enhance our abilities to study these pathogens. Currently, standard
laboratory methods for these viruses are limited to 2-3 cell lines and many
assays take several days to generate meaningful data. The goal of this
study was to characterize these viruses in cell culture to provide some
basic parameters to further their study. Cell lines from 17 species were
permissive to both ZIKA and USUV. These viruses were able to replicate

to significant titers in most of the cell lines tested. Moreover, cytopathic
effects were observed in 8 of the cell lines tested. These data indicate that
a variety of cell lines can be used to study ZIKA and USUV and may provide
an updated foundation for the study of host-pathogen interactions, model
development, and the development of therapeutics.

PREDICTING INTENSITIES OF ZIKA INFECTION AND
MICROCEPHALY USING TRANSMISSION INTENSITIES OF
OTHER ARBOVIRUSES

Isabel Rodriguez Barraquer', Henrik Salje’, Justin Lessler!, Derek
A. Cummings?

"Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United
States, 2University of Florida, Gainesville, FL, United States

The World Health Organization has declared Zika Virus (ZIKV) a Public
Health Emergency of International Concern due to the virus’ emergence
in multiple countries globally and the possible association of ZIKV with
microcephaly and neurological disorders. There is a clear need to identify
risk factors associated with ZIKV infection and microcephaly in order to
target surveillance, testing and intervention efforts. Using data collected
by surveillance systems, we modeled the correlation between transmission
intensity of dengue and chikungunya, with reported microcephaly
incidence in Brazilian states and ZIKV incidence in Colombia, as very

few microcephaly cases have been reported up to now. We show that
there is a strong correlation between the incidence of ZIKV in Colombian
departments and the force of infection (but not the crude incidence) of
dengue (R2 = 0.41, p<0.001). Furthermore, we show that there is also

a strong correlation between the incidence of microcephaly in Brazilian
states and the force of infection of dengue (R2 = 0.48, p<0.001). Because
dengue and ZIKV are transmitted by the same vector, these associations
provide further support to the supposition that ZIKV infection during
pregnancy causes microcephaly, and raise questions about potential
interactions between these two flaviviruses. In addition, they provide

an opportunity to project the expected incidence of microcephaly in
multiple dengue endemic locations across Colombia and the American
continent. If the relationship between dengue FOI and microcephaly
incidence seen in Brazil holds in Colombia, we should expect to see 387
cases (95%Cl 166-621) of ZIKV associated microcephaly to be reported
over the next 7 months. These results are being updated as the ZIKV
epidemic progresses and will be expanded to include other countries in the
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American continents where data on dengue and ZIKV is available. Detailed
knowledge of dengue transmission should be used to target surveillance,
testing and intervention efforts against ZIKV and other flaviviruses.

CORRELATION BETWEEN SABIN POLIOVIRUS SHEDDING
AND SUBSEQUENT SEROCONVERSION IN INDIAN CHILDREN
VACCINATED WITH MONOVALENT TYPE 3 ORAL POLIOVIRUS
VACCINE (MOPV3)

Sidhartha Giri', Jacob John', Asha Mary Abraham', Miren
lturriza-Gomara?, Nicholas C Grassly?, Gagandeep Kang'

'Christian Medical College, Vellore, Vellore, India, “Institute of Infection
and Global Health, University of Liverpool, Liverpool, United Kingdom,
3Imperial College London, London, United Kingdom

OPV (oral poliovirus vaccine) shedding in stool after vaccination indicates
vaccine virus replication in the gut which results in an optimal immune
response to OPV, as evidenced by few studies. The objective of the

study was to evaluate the correlation between mOPV3 shedding on day
7 after vaccination and subsequent seroconversion in Indian children
aged 6-11 months. A total of 300 infants aged 6-11 months who were
seronegative to type 3 poliovirus (neutralizing antibody titre <8) and
recruited from Vellore, India as part of a clinical trial evaluating the effect
of azithromycin on the immunogenicity of mOPV3 given to healthy infants
aged 6-11 months, were included in the study (CTRI/2014/05/004588).
Serum samples were collected after 21 days of vaccination with mOPV3
to evaluate seroconversion (antibody titre >8). Neutralization test was
performed on the serum samples according to the WHO protocol to
determine antibody titres against serotype 3 poliovirus. Stool samples
were collected 7 days after vaccination to determine Sabin 3 shedding
using quantitative real-time polymerase chain reaction (PCR). A Ct value
of 40 was used as a cut-off value for positive samples. 160 infants
(53.3%) were found to shed Sabin 3 poliovirus on day 7 after vaccination
while 140 infants (47.7%) did not shed. Of the 160 infants who shed
vaccine virus, 136 infants (85%) seroconverted while 24 infants (15%)
did not seroconvert. Of the 140 infants who did not shed vaccine virus,
only 14 (10%) seroconverted in contrast to 126 infants (90%) who
remained seronegative. Shedding of Sabin poliovirus and seroconversion
were strongly correlated (Fisher's <0.001). To conclude, our study

found a significant association between mOPV3 shedding on day 7 and
subsequent seroconversion (after 21 days of vaccination) in Indian children.

CHIKUNGUNYA, ZIKA, AND DENGUE IN CALI, COLOMBIA:
PRELIMINARY RESULTS OF EPIDEMIOLOGICAL AND
GEOSPATIAL ANALYSES

Amy R. Krystosik
Kent State University, Kent, OH, United States

Vector born disease control is expensive, time consuming, and difficult

to achieve. Here, we propose a new method of describing environmental
risks in order to more efficiently control Aedes born disease in Santiago
de Cali, Colombia, an area which is endemic for dengue and chikungunya
and currently controlling an outbreak of zika. Geospatial video narratives
are a new method of capturing street level data for environmental risks
with expert and community based opinion. These data, consisting of

local expert interviews and video, are coded and analyzed in a laboratory
and compared across space and time as GIS map-layers. Epidemiological
analyses are being conducted including geospatial components
(geographically weighted regressions, kernel density analysis, hotspot
analysis) in addition to traditional incidence data measures. Preliminary
dengue and chikungunya data from October 2014 - April, 2016, obtained
from the local ministry of health database, SIVIGILA, suggest two primary
hotspots (areas with higher than expected case data) which are related

to local environmental risks (open sewers, homeless population, lack
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of trash and sanitation services). Local partners are being engaged to
provide expert opinion and guide the work in the neighborhoods most in
need. We expect to present the final results of the analysis to community
partners and the secretary of health of Santiago de Cali as they continue
to control these neglected tropical diseases affecting the most vulnerable
populations of the city. New data is currently being cleaned and analyzed
and final results are expected by July, 2016.

A TRIAL TO ASSESS THE THERMOTOLERANCE OF AN
INACTIVATED RABIES VACCINE

Felix J. Lankester', Pieter A. Wouters?, Anna Czupryna3, Imam
Mzimbiri4, Sarah Cleaveland®, Mike J. Francis®, David J. Suttons,
Denny G. Sonnemans?

"Washington State University, Arusha, United Republic of Tanzania, °MSD
Animal Health, Boxmeer, Netherlands, *Lincoln Park Zoo, Chicago, IL,
United States, “Serengeti Health Initiative, Arusha, United Republic of
Tanzania, *University of Glasgow, Glasgow, United Kingdom, ®MSD Animal
Health, Milton Keynes, United Kingdom

Mass dog vaccination is the most efficient way to eliminate human
rabies. This study provides the first robust data that the immunogenicity
(a surrogate of protection) of an inactivated rabies vaccine (Nobivac®
Rabies), stored at temperatures in excess of recommended conditions,

is not inferior to that of the vaccine stored in cold-chain conditions. A
non-inferiority study was carried out comparing the serological response
at 4 weeks post vaccination in dogs inoculated with vaccine stored at
elevated temperatures for different durations, with dogs vaccinated with
the product stored according to label recommendations. The results
showed that the effectiveness of the vaccine at stimulating antibody

was not inferior to cold-chain stored vaccine when it was stored for up
to 6 months at 25°C or for 3 months at 30°C. Despite being unlikely to
result in changes to the authorized storage conditions of this product, the
development of thermotolerant vaccines will increase delivery options.
For example vaccines could be stored in remote communities with no
electricity, thus allowing dogs to be vaccinated throughout the year
rather than annually when campaigns pass through. As such, puppies
born after a campaign could be vaccinated in a timely manner, reducing
the rate at which the inter-campaign vaccination coverage decreases.
This will be useful where the 70% coverage target, required for local
elimination of the virus from the canine reservoir host, has not been
reached. Thermotolerant vaccines stored in remote areas will also provide a
human life-saving resource in emergency outbreak situations where rapid
vaccination of the dog population is required to control the epidemic. We
have not confirmed a 3-yr duration of immunity for the high temperature
stored vaccine, however annual re-vaccination is usually practiced for all
dogs presented during vaccination campaigns in Africa and Asia. As such
this should not be a cause for concern. Given the recent tripartite (WHO,
OIE, FAO) commitment to eliminating canine-mediated human rabies by
2030, these results are extremely timely.

RISK FACTORS FOR ANTIBODY LOSS AFTER HEPATITIS E
VIRUS NATURAL INFECTION OR VACCINATION: RESULTS OF
A MULTI-SITE COHORT STUDY

Brittany L. Kmush', Ting Wu?, Tuly Rahman?, Huan Yu?, Kenrad
Nelson', James W. Shih?, K. Zaman3, Alain B. Labrique’

"Johns Hopkins School of Public Health, Baltimore, MD, United States,
2National Institute of Diagnostics and Vaccine Development in Infectious
Diseases, The Key Laboratory of the Ministry of Education for Cell
Biology and Tumour Cell Engineering, Xiamen University, Xiamen, China,
’International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka,
Bangladesh

Hepatitis E virus (HEV) is a vaccine-preventable emerging infection causing
20 million infections in developing countries per year. In South East
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Asia HEV causes yearly outbreaks, with the majority of disease seen in
adults. This is unexpected for an enteric pathogen, suggesting that HEV
antibody persistence after exposure is not long-lasting. We revisited 170
subjects with a documented HEV infection from Bangladesh and China
and 97 subjects vaccinated with the HEV239 vaccine during a phase Il
trial in China to retest their serum for anti-HEV antibodies 6 to 10 years
after exposure. Overall, 22.1% (95%Cl: 17.3-27.6%) no longer had
detectable antibodies at follow-up. Antibody loss was greater among the
naturally infected subjects compared to the vaccinated subjects, 24.1%
(95%Cl: 17.9-31.3%) versus 18.6% (95%Cl: 11.4-27.7%), although not
statistically significant (p=0.292). Among all the subjects, age at exposure
was associated with antibody loss, with younger age increasing the risk
of antibody loss (RR: 0.87 per 10 years, 95% Cl: 0.76-1.00, p=0.057).
Among the subjects from Bangladesh, each 10 year increase in age at
infection decreased the risk of antibody loss by 50% across univariate
and multivariate Poisson regression models (p<0.05). This age-dependent
antibody loss could partially explain the wide body of cross-sectional
seroprevalence data from SE Asia where a paucity of pediatric infections
has been observed. In multivariate models, factors that increased the

risk of HEV were generally associated with antibody persistence among
the naturally infected subjects, suggesting repeated exposures over time
contribute to antibody persistence. This pattern was not found in the
vaccinated subjects. This is the first study to compare long term antibody
persistence after HEV exposure in naturally infected and vaccinated
individuals, exploring host characteristics. The development of a successful,
subunit vaccine has increased the need to understand the duration of
antibodies and protection after HEV infection and vaccination in order

to implement the most cost effective disease control and vaccination
strategies.

ANTIBODIES TO EBOLA IN INTERNATIONAL RESPONDERS TO
THE WEST AFRICA EBOLA EPIDEMIC

Catherine F. Houlihan, Catherine McGowan, Chrissy Roberts,
Marc Baguelin, David Mabey, Richard S. Tedder, Judith Glynn

University College London, London, United Kingdom

The 2014/5 Ebola (EVD) epidemic in West Africa (WA) resulted in a

large international humanitarian and research response. Health care
workers (HCWSs) from WA were disproportionately affected, and a few
international HCWs were infected. Since asymptomatic and pauci-
symptomatic EVD has been described, we tested international returnees
for EVD antibodies. An online consent and survey link were distributed
using a snowball technique. Eligibility criteria included never having tested
positive for Ebola virus, and not ever having received a filovirus vaccine.
Oral fluid collection devices were posted to participants and returned using
standard mail. Samples will be analysed using an IgG capture ELISA. Non-
exposed controls in the UK will also be tested. Data are stored on a secure
database, and analysed using STATA 14. A total of 270 individuals who
travelled to WA during the 2014/5 Ebola epidemic completed an online
survey. Of these, 155 (57.4%) were women. The majority (253, 93.7%)
travelled to Sierra Leone; 13 (4.8%) to Liberia and 14 (1.5%) to Guinea.
Roles included, but were not limited to; laboratory (95, 35.2%), clinical

(71, 26.3%), epidemiologist/research (23, 8.5%), community engagement/

burial (14, 5.2%) and water/sanitation/engineer (4, 1.5%). A total of
139 (51.5%) returnees spent time in the red zone, of whom 21 (7.8%)
described direct physical contact with suspected/confirmed EVD patients
or their children outside of the red zone, and 99 (36.7%), direct physical
contact with survivors. A total of 56 (20.7%) experienced a febrile illness
in WA, or within a month of return. Twenty-five (9.3%) had a negative
PCR test for Ebola. Of 236 individuals who wore personal protective
equipment (PPE), 22 (9.3%) had concerns regarding Ebola exposure
during removal. Serological results will be available. A high proportion
of international responders reported potential exposure outside of PPE,

concerns about exposure when removing PPE, and reported a febrile illness

during the incubation period for Ebola. Improvements in training and
procedures, and consistency in PPE equipment and removal may mitigate
some of this perceived risk.

MEN’S HEALTH SCREENING PROGRAM: EBOLA VIRUS
DISEASE (EVD) SURVIVOR SEMEN TESTING PRELIMINARY
FINDINGS — LIBERIA, 2015-2016

Lawrence J. Purpura’, Moses Soka?, Mary Choi', April Baller?,
Stephen White*, Emerson Rogers?, Nuha Mahmoud3, Christine
Wasunna“, Moses Massaqoui?, Neetu Abad’, Jomah Kollie3,

Straker Dweh#, Phillip Bemah?, Athalia Christie’, Victor Ladele?,
Onyekachi Subah?, Satish Pillai', Margaret Mugisha3, Jonathan
Kpaka“, Emilio German', Mark Stenger?, Stuart Nichol’, Ute

Stroeher!, Kristin VanderEnde', Shauna Mettee-Zarecki', Hugh
Green', Jeff A. Bailey#, Pierre Rollin', Marston Barbara’, Tolbert
Nyenswah?, Alex Gasasira®, Barbara Knust', Desmond Williams'

"Centers for Disease Control and Prevention, Atlanta, GA, United States,
’Ministry of Health, Monrovia, Liberia, *World Health Organization,
Geneva, Switzerland, ACCEL, Monrovia, Liberia

Ebola virus (EBOV) RNA has been detected in semen of EVD survivors >

9 months after disease onset. However, information regarding duration
and risk factors for sustained viral persistence in semen is limited.

Liberia's Men'’s Health Screening Program, created to prevent EBOV

sexual transmission, offers counseling and semen testing for EBOV RNA
by RT-PCR. Males >15 years of age with proof of EVD survivorship (e.g.,
discharge certificate from an Ebola Treatment Unit) were enrolled in a
study launched in July 2015. Participants are provided semen testing for
EBOV RNA by RT-PCR; counseling on safe sexual practices; condoms with
instructions on use; and referrals for healthcare services as needed or
requested. In accordance with WHO guidelines, participants are eligible
to graduate from the program after receiving two consecutive RT-PCR
negative semen tests; with samples collected at least 2 weeks apart. As
of February 2016, RT-PCR results were available for 307 participants. In
total, 35 (11%) participants had at least one RT-PCR positive semen test.
Of these, 21 (7%) participants were > 12 months from ETU discharge at
the time the RT-PCR positive semen sample was collected. The longest
time after ETU discharge to collection of a semen sample that tested
positive for EBOV RNA was 523 days. The median age of participants who
had a RT-PCR positive test at program enrollment was significantly older
than those who never had a RT-PCR positive test (p=.0031). Excluding
participants who enrolled within 90 days from ETU discharge, men aged
>35 years were more likely to have at least one semen sample test RT-PCR
positive compared to men aged <35 years (p=.0024). Frequency of sexual
intercourse was not associated with age (p=0.2208). We found persistence
of EBOV RNA in semen up to 523 days from ETU discharge, far exceeding
previous reports. Sustained viral RNA persistence in semen appears to

be associated with older age, an association not previously reported. As
frequency of sexual intercourse was not associated with age, differences in
viral RNA persistence may be related to other age-related factors such as
changes in semen composition or immune function.

HEPATITIS E INFECTION IN ARGENTINA, FROM
IMMUNOCOMPETENT TO IMMUNOCOMPROMISED

Jose Daniel Debes', Maribel Martinez Wassaf?, Maria Belen
Pisano?®, Leonardo G. Marianelli4, Martin Lotto?, Hernan Coseanos®,
Domingo Balderramo?, Viviana Re?

"University of Minnesota, Minneapolis, MN, United States, 2LACE
laboratorios, Cordoba, Argentina, *Instituto de Virologia, “Dr. JM Vanella”,
Universidad Nacional de Cordoba, Cordoba, Argentina, “Hospital Rawson,
Cordoba, Argentina, *Hospital Privado, Cordoba, Argentina

Hepatitis E virus (HEV) is an RNA virus that can cause hepatitis in an
epidemic fashion. In immunocompetent individuals, infection with HEV

astmh.org



usually leads to silent seroconversion or to acute self-limited disease.

In immunosuppressed individuals, HEV can develop into a chronic
infection. Information about prevalence of HEV in immunocopromised
subjects outside of Europe or North America is scarce. In this study

we addressed the seroprevalence of HEV in immunocompetent and
immunocompromised subjects in Argentina and associated risk factors. We
performed third generation enzyme immunoassay for determination of IgG
and IgM specific antibodies against HEV in 204 subjects infected with HIV,
81 subjects on hemodialysis (HD) and 58 solid-organ transplant recipients.
HEV PCR was performed in all samples. Subjects on HD and transplant
recipients were evaluated regarding social habits and potential risk

factors. Results were compared to 433 HIV-negative, immunocompetent
controls from our center. In our entire HIV-positive group we found 15 of
204 samples to be positive for HEV IgG (7.3%), compared to 19 of 433
samples (4.4%) in the control group. Interestingly, we found significantly
lower CD4 counts on HEV-positive samples compared to HEV-negative
samples (average CD4 count of 234 vs 422 mm?, p=0.01) indicating that
patients with lower CD4 counts were more likely to be HEV IgG positive.
Eight out of 81 subjects (9.8%) on HD and 5 of 58 (8.6%) of transplant
recipients were positive for HEV IgG. Half of HEV seropositive patients in
the HD group had positive IgM for HEV. There was no association between
HEV serostatus and consumption of pork, alcohol, potable water or
history of blood transfusion. There was a weak, but significant, association
between fish consumption and HEV positivity. Only 1 sample showed a
positive PCR for HEV, within the HIV group. In conclusion, our study found
an increased seroprevalence of HEV IgG in subjects infected with HIV, on
HD and solid-organ transplant recipients in Argentina. However, the only
significant difference compared to controls was on HIV-infected patients
with low CD4 counts.

CHARACTERISTICS AND OUTCOMES OF PEDIATRIC
PATIENTS WITH EBOLA VIRUS DISEASE (EVD) ADMITTED
TO TREATMENT UNITS IN LIBERIA AND SIERRA LEONE: A
RETROSPECTIVE COHORT STUDY

Michael Smit, lan Michelow, Justin Glavis-Bloom, Adam Levine

Warren Alpert Medical School of Brown University, Providence, RI, United
States

This retrospective cohort study describes the clinical characteristics

and outcomes of children <18 years with PCR-confirmed EVD among
patients evaluated for suspected EVD in West Africa. Demographic,
epidemiological and clinical data were collected systematically from
patients with documented EVD admitted to five Ebola Treatment Units
(ETU) in Liberia and Sierra Leone during 2014/2015. Standardized care
was provided to all patients based on International Medical Corps
protocols. The pediatric cohort was described in aggregate and stratified
by age group. We analyzed associations between mortality and patient
characteristics. Among the 128 pediatric cases admitted, 122 had PCR-
confirmed EVD. Incidence in females (56%) and males (44 %) was similar.
The overall mortality rate was 57%. Stratified by age, mortality was 89%
for <5 years, 43% for 5-9 years, 41% for 10-14 years, and 25% for 14-
17 years (p<0.001). Mortality for children aged <5 years was significantly
higher than children 5-17 years old (89% vs 38%, p<0.001). At triage,
prominent features included fever (79%), anorexia (68%), and weakness
(64%). Throughout the duration of iliness, the most frequent features
were weakness (92 %), fever (85%), anorexia and diarrhea (both 80%).
Of those presenting without fever (n=26), 73% developed fever after
triage. Of those patients without fever throughout hospitalization, 3 of
6 (50%) died. Hemorrhagic features were present in 5% at triage and
45% anytime during admission. The mortality of patients that developed
bleeding at any time during admission was significantly higher (58% vs
27%, p=0.002). The median length of stay was 9 days (range 1-31 days).
Length of stay was significantly higher for those that survived compared
to those that died (16 vs 6 days, p=0.001). In summary, pediatric EVD
patients aged <5 years had significantly higher mortality. One out of
every five children presented without fever. Prominent features of EVD in
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children included constitutional and gastrointestinal signs and symptoms.
Hemorrhagic features developed in less than half of pediatric patients, but
were associated with significantly higher mortality.

SALIVA FOR DETECTION OF ANTIBODIES FOR MEASLES,
MUMPS AND RUBELLA TO CONFIRM VACCINE STATUS IN
TEENAGERS

Barbara F. Sampaio, Jaqueline Polizeli Rodrigues, Heitor Franco
de Andrade, Jr.

Institute of Tropical Medicine Sao Paulo, Sao Paulo, Brazil

Vaccines had resulted in the fall of prevalence of several childhood

viral infections in the past decades, also affecting boosting exposure to
environmental viruses. Previous concepts of lifelong immunity induced
by live virus vaccine have been abandoned due to several outbreaks
occurring in vaccinated young adults, obliging revaccination specially for
preventing congenital rubella. Serology has been considered the main
approach to measure individual protection but demands low adherence
blood collection. Saliva could be an alternative for the detection of
Toxoplasma gondii specific antibodies, due to IgG exuded from crevicular
liquid. Saliva collection is noninvasive, simple and inexpensive, with high
adherence for children and other protected groups. In this work, we
show the development of ELISA for detection of specific IgG against
measles, mumps and rubella virus, using a protein A IgG capture and
biotinylated recombinant antigens as probes. Anti T.gondii IgG detection
was used as control. Samples were collected in public high schools,
during an exposition of transmissible diseases, with voluntary collection
after parental approval. Vaccination was identified by individual vaccine
files. Negative samples were obtained from discarded sera from Pediatric
Center Lab, from children below vaccine age. All samples were tested on
384 wells plates, adsorbed with Protein A (10mg/ml), reacted with saliva
IgG 10 x concentrated by clearing and ethanol precipitation. Commercial
recombinant antigens from measles, mumps, rubella and . gondii
extracts were biotinylated and allowed to react to bound IgG, followed
by avidin peroxidase and TMB reaction. All the assays were efficient for
distinction of reactive sera, without false negative or false positive results
as compared to unvaccinated young children sera. These tests could be
easily transformed in high throughput assays, allowing the determination
of individual vaccine status with consequent preventive measure as
revaccination. Saliva IgG will enable vaccine control without the need for
blood collection.

PRESENTING SYMPTOMS AND CHARACTERISTICS OF
PATIENTS WITH EBOLA AND MALARIA ADMITTED TO EBOLA
TREATMENT CENTERS IN SIERRA LEONE

Matthew Waxman', Adam Aluisio?, Adam Levine?

'Olive View-University of California Los Angeles Medical Center, Los
Angeles, CA, United States, ?Warren Alpert Medical School of Brown
University, Providence, RI, United States

Discriminating between Ebola Virus Disease (EVD) and malaria is difficult
when clinical testing is not immediately available. This retrospective study
describes characteristics of patients admitted to Ebola Treatment Units
(ETU) in Sierra Leone during the recent epidemic in West Africa with
variable states of EVD and malarial infections. Data was collected from
three International Medical Corps ETUs in which all patients received
standardized care including Artesunate combination treatment (ACT).
The population was stratified by infection status as malaria negative/
EVD negative (m-/e-), malaria positive/EVD negative (m+/e-), malaria
negative/EVD positive (m-/e+) and malaria positive/EVD positive (m+/e+).
These groups were analyzed for inter-group variation in characteristics,
symptomatology and outcomes. Among 1548 admitted patients, 753
patients had diagnostic test results available for EVD and malaria. There
were 431 (57.2%) m-/e-, 180 (23.9%) m+/e-, 108 (14.4%) m-/e+,
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and 34 (4.5%) m+/e+ analyzed in the cohort. Patients diagnosed with
malaria had significantly younger median ages at 23 and 20 years for the
m+/e- and m+/e+ respectively versus 32 years among both the m-/e- and
m-/e- groups (p<0.001). Females accounted for a larger proportion of EVD
cases than males (42% m-/e-, 42% m+/e-, 65% m-/e+ and 68% m+/

e+; p<0.001). Patients were significantly more likely to have abdominal
pain if they had malaria rather than EVD (49% m+/e-, 36% m-/e+;
p=0.043). Presence of anorexia, diarrhea, bone pain, vomiting, cephalgia,
dyspnea and abnormal bleeding were not significantly different between
m-/e+ and m+/e- groups. Distinguishing between EBV and malaria

before rapid diagnostic testing is available presents a difficult diagnostic
challenge. Significant overlap exists in the clinical presentation of patients
with variable EVD and malarial infection statuses. This may justify the
continued use of ACT in an EBV epidemic. Better understanding of such
characteristics among variably infected patients may enhance development
of response protocols and care in future EVD epidemics.

CHARACTERIZATION OF SEVERE FEVER WITH
THROMBOCYTOPENIA SYNDROME VIRUSES (SFTSV) FROM
PATIENTS IN KOREA, 2015

Won-Ja Lee, Sun-Whan Park, EunByeol Wang, WooYoung Choi
KNIH, Chungju, Republic of Korea

Introduction Severe fever with thrombocytopenia syndrome (SFTS)

is emerging infectious disease characterized by acute febrile,
thrombocytopenia and gastrointestinal symptoms. It is caused by SFTS
virus (SFTSV), in the genus of Phlebovirus (family Bunyaviridae). Since

the first reported case of SFTS in South Korea in 2013, we collected
serum samples from hospitalized patients who experienced symptoms

of SFTS. The major clinical symptoms and laboratory parameters of SFTS
are fever, thrombocytopenia, leukopenia, and elevated serum hepatic
enzymes, and SFTS patients usually die due to multiple organ failure.
SFTSV was presumably transmitted by ticks, because it has been detected
in Haemaphysalis longicornis ticks. Methods and Materials Total RNA
extracted from serum was amplified with one-step reverse-transcriptase
polymerase chain reaction (RT-PCR), designed to detect a portion of the
viral N and Gc protein gene using specific primers for S or M segment.
After analyzing aligned nucleotide sequences, we constructed the
phylogenic tree based on partial S or M segment sequences. We tried

to isolate viruses from patient by infection VeroE6 cells with the sera.
Results We conducted RT-PCR with total RNA which is extracted from the
patient sera. Among the 833 samples, seventy-nine samples are resulted
in positive. The nucleotide sequences were assembled by the SeqMan
program implemented in DNASTAR software (version 5.06; Madison, WI,
USA) to determine the consensus sequences. Nucleotide sequence of the
Korean strains showed 93 to 98 % homology to Chinese and Japanese
strains. We also isolated 45 SFTSVs among the virus-detected 79 samples.
Conclusion We examined the clinical specimen from the suspected case
of SFTS in Korea. We detected 79 SFTSVs of 833 patient sera by RT-PCR,
and isolated 45 viruses among them. Nucleotide sequences of positive
samples were not only included in SFTSV by the phylogenic analysis but
also formed the Korean strain group.

EFFICACY AND SAFETY OF A LOW-COST, HEAT-STABLE
ORAL ROTAVIRUS VACCINE AGAINST SEVERE ROTAVIRUS
GASTROENTERITIS IN NIGER

Sheila Isanaka’, Ousmane Guindo?, Celine Langendorf’, Rebecca
Grais', ROSE Trial Study Team

'Epicentre, Paris, France, ?Epicentre, Maradi, Niger

Prevention of rotavirus disease through vaccination is a public health
priority, and in 2009, the World Health Organization recommended
rotavirus vaccination be introduced in all countries to reduce disease
burden and mortality among young children. Two live oral attenuated

rotavirus vaccines are globally licensed and WHO prequalified for the
prevention of rotavirus gastroenteritis. Safety and efficacy of these
vaccines has been established in high- and middle-income countries,

but vaccination in sub-Saharan Africa, where there is the largest burden
of rotavirus-related mortality, presents certain logistical and financial
challenges. BRV-PV is a low-cost and heat-stable rotavirus vaccine
manufactured by the Serum Institute of India, Limited whose introduction
may help minimize the burden on already-strained national immunization
programs throughout sub-Saharan Africa. We conducted a double-
blind, placebo-controlled randomized phase Ill event-driven trial in Niger
to assess the efficacy and safety of BRV-PV against severe rotavirus
gastroenteritis in infants in Niger. Infants were randomized in a 1:1 ratio
to receive three doses of BRV-PRV or placebo at approximately 6, 10, and
14 weeks of age. Facility and home-based surveillance is being conducted
from 28 days post Dose 3 (gastroenteritis) and from the moment the

first dose (serious adverse events) until 2 years of age. As an event-driven
trial, the primary efficacy analysis was planned when 117 cases of severe
rotavirus gastroenteritis are confirmed. Vaccine efficacy against severe
rotavirus gastroenteritis and risk of serious adverse events, including
hospitalization, intussusception and death will be presented. Evidence
supporting the efficacy and safety of BRV-PV vaccine in an African setting
would support the pre-qualification of and increased access to rotavirus
vaccine across Africa.

CROSS-REACTIVE ANTIBODIES INFLUENCE
IMMUNOGENICITY OF LIVE ATTENUATED VACCINES

Kuan Rong Chan, Xiaohui Wang, Hwee Cheng Tan, Esther Gan,
Darren Mok, Eng Eong Ooi

Duke-NUS Medical School, Singapore, Singapore

Epidemic viral diseases have become increasingly prevalent, as evidenced
by the spread of ebola and zika. Among the different anti-viral strategies,
vaccination, particularly with live attenuated vaccines (LAV), has seen
exceptional success. However, due to previous exposure to pathogens
and vaccines during the lifetime of an individual, many would have
pre-existing cross-reactive antibodies that can potentially affect efficacy
of live-attenuated vaccines (LAVs). To understand how cross-reactive
antibodies affect LAVs, we designed a randomized trial design where
subjects were subjected to Japanese encephalitis (JE) inactivated vaccine
followed by the LAV yellow fever (YF) vaccine. We observed that YF
vaccine immunogenicity is affected by the levels of cross-reactive JE
antibodies. Transcriptional profiling of the patients highlighted that
semaphorins and T-cell related cytokines were significantly correlated with
YF immunogenicity. Further laboratory studies reveal that semaphorins
that are expressed in Fc-receptor bearing antigen-presenting cells were
directly upregulated by activating Fc-receptor signaling. That semaphorins
have crucial roles in antigen presentation and T-cell responses suggest that
cross-reactive antibodies can be exploited to improve LAV efficacy.

VERTICAL TRANSMISSION OF CYTOMEGALOVIRUS IN A
RURAL MOZAMBICAN HOSPITAL

Lola Madrid', Rosauro Varo Cobos', Antonio Sitoe?, Carmen
Mufioz Almagro?, Enrique Calderén4, Quique Bassat'

'ISGlobal, Barcelona Ctr. Int. Health Res. (CRESIB), Hospital Clinic -
Universitat de Barcelona, Barcelona, Spain, “?Centro de Investigacao em
Saude de Manhica (CISM), Maputo, Mozambique, *Hospital Sant Joan de
Deu - Universitat de Barcelona, Barcelona, Spain, “Instituto de Biomedicina
de Sevilla, Hospital Universitario Virgen del Rocio/CSIC/Universidad de
Sevilla, Sevilla, Spain

Congenital cytomegalovirus (CMV) infection is the most prevalent
congenital infection worldwide, varying the prevalence from 0.2% to 2%.
This prevalence is higher in developing countries and among HIV infected
newborns although it is decreasing among exposed but not infected
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infants, following the increasing use of antiretroviral therapy for prevention
of mother-to-child transmission (MTCT). We aimed to assess CMV vertical
transmission prevalence and risk factors associated among newborns born
in a rural Mozambican maternity. A cross sectional study was conducted
on pregnant mothers attending Manhica District Hospital at delivery. Blood
cord samples in filter paper and placenta biopsy were collected for CMV
detection measure by PCR. CMV seroprevalence and HIV status were

also investigated in recruited pregnant women. One hundred and twenty
mothers were recruited at delivery, mean age was 25,1 (+7,6) years and
mean of gestational age at recruitment was 38,8 (£0,6) weeks. Prevalence
of HIV infection among them was 27.5% (33/120) and only 28.3% were
taking antiretroviral to prevent MTCT. One hundred and twenty three
pregnancy outcomes were delivered. 5.8% (7/120) were premature, 1.7%
(2/120) were stillbirths, 2.5% (3/120) born with malformations (2 with
polydactyl and one with spine bifida) and 12.5% (15/20) had low birth
weight. Data of three newborns were missing. CMV PCR was positive in 3
of 116 cord samples collected (2.6%) and only one child was exposed but
not infected to HIV. 100% of them born asymptomatic at birth and at 6
months follow-up. Risk factors associated to vertical transmission of CMV
were not found. We will present results of placental biopsies and maternal
seroprevalence. Our results showed a higher prevalence of congenital
CMV than studies in developed countries but lower than reports from
low-income countries. Although it is an important cause of hearing loss
completely neglected, it would be premature to consider newborn CMV
screening in resource-poor settings because the disease burden from
congenital CMV and the cost/benefit ratio of long term follow-up have not
been defined.

IDENTIFICATION AND FUNCTIONAL CHARACTERIZATION OF
MATING-DELIVERED MALE SEMINAL FLUID PROTEINS IN THE
MALARIA VECTOR AEDES

Enzo Mameli’, Sara N. Mitchell', Evidoxia G. Kakani', Gennifer
E. Merrihew?, Rory D. Kirchner?, Michael J. MacCoss?, Flaminia
Catteruccia’

"Harvard T.H. Chan School of Public Health, Boston, MA, United States,
2University of Washington, Seattle, WA, United States

Anopheles gambiae mosquitoes are one of the primary vectors of

human malaria, which represents a major public health burden globally.
Reproductive success in these mosquitoes relies on a single mating,
therefore characterizing their reproductive biology could offer a promising
opportunity to interfere with their life cycle. An. gambiae male mosquitoes
produce a complex cocktail of seminal fluids in their accessory glands
(MAGs), including proteins (Acps), and lipids that are packed in a
gelatinous mating plug and transferred to females during copulation.
Female receipt of this plug induces large physiological and behavioral
changes including refractoriness to further insemination, egg laying and
activation of sperm storage mechanisms. We recently demonstrated that
the steroid hormone 20-hydroxyecdysone (20E) in part mediates these
change in females. However the identity and function of seminal fluid
proteins in regulating the female post mating response remains largely
unknown. We employed an in vivo stable isotope labeling technique
coupled to mass spectrometry to identify male proteins transferred to
females during mating. Female mosquitoes were labeled via feeding

yeast containing stable isotope '°N, which masked the female proteome,
allowing identification of male specific proteins. First, the proteomic
composition of unlabeled male reproductive tissues (MAGs and testes)
was determined, which facilitated the spatio-temporal localization of male
proteins within 5 female tissues (atrium, spermatheca, ovaries, hemolymph
and head) at three time points after mating (3h, 12h and 24h). Notably
we detected a total of 180 unique male proteins transferred to females,
including 45 novel Acps. Male proteins transferred to the spermatheca
maybe essential in coordinating sperm viability, and strikingly a MAG
specific protein of unknown function was detected at all time points after
mating in this tissue, suggestive of a stable, long term association with
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sperm. Ongoing functional knock-out analysis of this and other candidates
are revealing the fundamental role of male transferred proteins in female
reproductive success.

FBN30 IS A PATHOGEN RECOGNITION RECEPTOR AGAINST
PLASMODIUM INFECTION IN ANOPHELES GAMBIAE

Guodong CF Niu
The University of Oklahoma, Norman, OK, United States

Malaria is a worldwide health problem that affects two thirds of the world
population. Invasion of Plasmodium through anopheline mosquitoes

is an obligatory step for malaria transmission. Through genome-wide
association studies, we identified significant association between genetic
variations in FBN30 and the P falciparum parasite infection in Anopheles
gambiae mosquito populations from malaria endemic areas in Kenya.
FBN30 sequence analysis shows that the fibrinogen-like domain (FBG)

at the C-terminal is conserved across a range of mosquito species. In

this study, we hypothesize that FBN30 works as a pathogen recognition
receptor (PRR) in the defense against Plasmodium infection. Firstly, we
expressed FBN30 in insect High Five cells and studied its biochemical
features. The results show that insect cell expressed FBN30 is a secreted
protein which can form a dimer through disulfide bond between two
subunits which indicate four disulfide-bond linked homodimers to form a
tetramer by non-covalent bond. In addition, we determined the cysteines,
which are involved in the intra-chain and inter-chain disulfide bridge
respectively. Secondly, we evaluated the expression efficiency of two
FBN30 variants (FBN30(C/C) and FBN30 (T/T)) in mosquito cells, Moss55
and Saub5B. The results support that wild type mosquitoes in Kenya,

with the genotype of FBN30(C/C), were more susceptible to Plasmodium
infection than those with the genotype of FBN30 (T/T). The susceptibility
is attributed to a lesser expression of FBN30 observed in mosquitoes with
the non-synonymous mutation, which results in Phe10Leu in the signal
peptide. Also we determined that FBN30 in An. gambiae only exists in
hemolymph. Finally, ELISA and indirect immunofluorescence assay proved
that FBN30 proteins bind to asexual and sexual stage of both P berghei
and wild type of P falciparum. Based on all these data, we concluded that
FBN30 is a PRR molecule in the mosquito innate immune system, which is
critical for An. gambiae defense against Plasmodium infection.

IDENTIFICATION OF GLYCOSAMINOGLYCANS IN ANOPHELES
NEIVAI AND A. ALBIMANUS AND ITS ROLE IN MALARIA
TRANSMISSION

Erika F. Garrido', Raul L. Rocha?, Juan D. Suaza®, Sebastian
Bernal4, Joshuwa L. Shilo’, Sandra Uribe3

"Corporacién Universitaria Remington - Grupo de Investigacion en
Ciencias Biomédiicas - Facultad de Ciencias de la Salud, Medellin,
Colombia, ?Corporacion Universitaria Remington - Grupo de Investigacion
en Ciencias Biologicas - Facultad de Ciencias de la Salud, Medellin,
Colombia, 3Universidad Nacional de Colombia - Grupo de Investigacion
en Sistemdatica Molecular - Facultad de Ciencias, Medellin, Colombia,
“Universidad Nacional de Colombia - Grupo de Investigacion en Ciencias
de la Desicion - Facultad de Minas, Medellin, Colombia

Despite the advances in research related to malaria it is accepted and
clear that interventions to limit transmission by the vector are not enough,
therefore the search for new strategies for malaria control is necessary.
The sexual cycle of Plasmodium or sporogonic cycle occurs in mosquitoes
of the genus Anopheles. It has been reported that malaria transmission is
due to glycosaminoglycans (GAGs) which are present in the epithelium of
the midgut and salivary glands of the mosquito and its interactions with
lectins in the parasite, it is thought that the presence of such molecules

is necessary to promote maturation from ookinete to oocysts. Although
some GAGs such as chondroitin sulfate and heparan sulfate have been
identified in experimental models of interaction between host-parasite,
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the real participation of those GAGs in malaria transmission is unknown.
Therefore An. albimanus and An. neivai from the department of Chocé-
Colombia has been taken as a natural model with the purpose of identify
the GAGs present in its tissues and to establish its relationship in the
transmission of malaria. Adult mosquitoes were collected and larvarian
forms were cultured in the laboratory. All adult forms were used for
identification by classical taxonomy and confirmed by BarCode technique.
The midgut tissue of two sets of malaria vectors were obtained and

were used for GAGs analysis by mass spectrometry. We will discuss
about some subtle differences in the GAGs profiles between different
species of Anopheles. This fact could explain the ability to permit or
inhibit the Plasmodium parasites maturation and transmission by vectors.
This knowledge will help to find out new strategies for blocking the
transmission cycle.

DISCOVERING THE BINDING PARTNER(S) OF MOSQUITO
MIDGUT FREP1 IN PLASMODIUM PARASITES

Genwei Zhang, Guodong Niu, Jun Li
University of Oklahoma, Norman, OK, United States

We previously identified a mosquito midgut protein FREP1 in peritrophic
matrix that can facilitate Plasmodium infection in Anopheles gambiae
mosquitoes through binding to gametocytes and ookinetes. We proposed
a FREP1-mediated parasites invasion model. This project aims to identify
the parasite-expressed FREP1-binding partners (FBPs). Incubating insect
cell-expressed recombinant FREP1 with P berghei infected cell lysates
pulled down several specific bands by anti-FREP1 antibodies. One of the
bands was identified by mass spectrometry to be a 27 kDa, PEXEL motif-
containing protein. This protein also has a trans-membrane domain. Insect
cell-expressed this candidate protein confirmed its interaction with FREP1.
The FBPs discovered in this report will improve our understanding of the
molecular mechanism of FREP1-mediated Plasmodium invasion pathway,
which can be targeted by novel approaches for malaria control.

NEW USES FOR AN OLD TECHNOLOGY TO CONTROL ZIKA
VECTORS IN URBAN TROPICAL ENVIRONMENTS

James Cilek', Jennifer Knapp’, Catherine Pruszynski?

"Navy Entomology Center of Excellence, Jacksonville, FL, United States,
?Keys Mosquito Control District, Key West, FL, United States

The recent epidemic of Zika virus transmission in the Southern Hemisphere
has brought heightened awareness for the control of its vector Aedes
aegypti. Dumping, removing or treating every water-holding container,
especially in large urban neighborhoods, maybe impractical. The dense
clouds of insecticide produced by the “old” thermal fog technology

may now be advantageous for penetrating cryptic habitats. Compatible
agueous mosquito adulticide formulations for use in thermal foggers

are commercially available that replace the dense fog with a fine mist.
Therefore, we speculated “Could currently available aqueous larvicide
formulations be applied by a thermal fogger and remain efficacious in
cryptic larval habitats for the control of Zika vectors?” We initiated semi-
field studies to determine penetration distance and associated Ae. aegypti
larval mortality in a forest canopy (cryptic) environment using Bacillus
thuringiensis var israelensis (Bti) (Vectobac WDG, Al 37.5%). Vectobac
was applied at the maximum label rate with a hand held IGEBA TF 34
thermal fogger (fitted with water conversion kit) to empty 0.5-L clear
plastic containers placed at 7, 14, 21, and 28m from application source

at Camp Blanding, FL. Treated containers were returned to the laboratory
where dechlorinated water and late second to early third instar Ae. aegypti
were added to each container. The greatest amount of mortality (91-
100%) occurred at 7m. We then operationally applied the Bti product,

at maximum label rate, to a 0.2 ha urban tropical urban environment
located in Key West, FL using the same larval evaluation bioassays

above. Containers were placed randomly in cryptic areas within the area.

Vectobac provided 99.9% larval mortality at 24h and 100% at 48h.
Operationally, we found that thermal fog technology can be an effective
tool for control of larval Ae. aegypti in cryptic tropical urban environments.

INFLUENCE OF BLOOD MEAL ON SUSCEPTIBILITY TO
PYRETHROIDS IN ANOPHELES GAMBIAE FROM WESTERN
KENYA

Maxwell M. Gesuge', Maxwell M. Gesuge?, Erick Ochomo?,
David G. Sang?, Mariangela Bonizzoni3, Andrew Githeko?, Guiyun
Yan3, Yaw A. Afrane’, Yaw A. Afrane?

"Climate and Human Health Research Unit, Centre for Global Health
Research, Kenya Medical Research Institute, Kisumu, Kenya, 2School of
Public Health and Community Development, Maseno University, Kisumu,
Kenya, *Program in Public Health, College of Health Sciences, University
of California Irvine, Irvine, CA, United States, “Department of Medlical
Microbiology, College of Health Sciences, University of Ghana, Accra,
Ghana

Vector control is based on the use of insecticides. To ensure sustainable
vector control we need to understand the other factors driving insecticide
resistance and consequently threatening the sustainability of malaria vector
control programs targeting the indoor resting mosquitoes. The aim of this
study was to determine the influence of blood meal status on pyrethroid
tolerance in field collected population of Anopheles gambiae from western
Kenya. Field-collected mosquito larvae were reared to adulthood alongside
the laboratory susceptible reference Kisumu strain. Female adults from

the two populations were monitored for deltamethrin resistance using
WHO bioassays at different gonotrophic stages. Metabolic assays were
then performed to assay the level of detoxification enzymes. The WHO
bioassay results showed increased resistance on younger female’s (2-5
days old) field collected population with different gonotrophic status
(mortality ranged from 36-83%). Older females (14-15 days) from the
same population with different gonotrophic status showed reduced
resistance to the same insecticide (85-98%). Biochemical estimations on
younger females (2-5 days old) revealed significantly (P<0.05) higher levels
of oxidase, non-specific esterase and glutathione-s-transferases activity

in the blood fed and half gravid survivors of An. gambiae as compared

to unfed survived individuals. For older females (14-15 days) of the same
population, blood fed and half gravid survivors showed significantly
higher oxidase and glutathione-s-transferases activity as compare to

unfed and gravid survivors. Kisumu susceptible population showed 100%
susceptibility with no significant elevation in enzyme activities following

a blood meal. These results indicate that blood feeding status plays an
important role in the toxicity of deltamethrin due to some physiological
changes following feeding that confers increased tolerance to mosquitos.

NEW MATRIX-RELEASE FORMULATION, SUMILARV®2MR
CONTAINING PYRIPROXYFEN FOR LONG LASTING CONTROL
OF AEDES AEGYPTI LARVAE

Kazunori Ohashi’, Yousif E. Himeidan2, Minoru Takano', Issaku
Nakatani?, Toshimasa Nishiyama?, John F. Invest?, John R. Lucas?,
Yoshinori Shonos

'Sumitomo Chemical Co. Ltd., Takarazuka, Japan, ?African Technical
Research Centre, Vector Health International, Arusha, United Republic
of Tanzania, *Department of Public Health, Kansai Medical University,
Osaka, Japan, “Environmental Health Division, Sumitomo Chemical, UK,
Plc, London, United Kingdom, *Environmental Health Division, Sumitomo
Chemical Co. Ltd., Tokyo, Japan

Aedes aegypti is a vector of human viral diseases, such as dengue,

Zika, chikungunya, and yellow fever. Indoor and outdoor water storage
containers are the main breeding habitats for this species in Southeast
Asia, Central and South America, and also in some savannah areas of
Africa. A new long lasting “matrix-release” formulation, SumiLarv®2MR,
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containing 2% pyriproxyfen has been developed to control container-
breeding Ae. aegypti. Pyriproxyfen is an insect growth regulator with

a very low mammalian toxicity that inhibits the emergence of adult
mosquitoes. Pyriproxyfen is recommended for use in drinking water by
the World Health Organization (WHO). The key feature of SumiLarv®2MR
is the controlled slow release of pyriproxyfen so that an effective
concentration of active ingredient is maintained in treated water for at
least six months after treatment. A simulated-field evaluation using plastic
vessels containing 40 L water showed that the efficacy of SumiLarv®2MR
lasted for at least 36 weeks, irrespective of the frequency of water
replacement (half or full water replacement every week). A field trial
conducted over a year in a rural village in Lao PDR where Ae. aegypti
breeds throughout the year, with SumiLarv®2MR applied every 6 months
to domestic water storage containers, resulted in a significant reduction in
larval density. The long-lasting efficacy of SumiLarv®2MR demonstrated in
these trials will reduce the number of treatments required per year and will
therefore enable significant reductions in operational costs. These results
are promising for the future long term control of Ae. aegypti and the
diseases that this insect transmits. SumiLarv® is a registered trademark of
Sumitomo Chemical Company Ltd.

INHIBITION OF ADULT EMERGENCE OF AEDES AEGYPTI
USING A CONTROLLED RELEASE FORMULATION OF
PYRIPROXYFEN (SUMILARV® 2MR) OVER SIX MONTHS IN
CAMBODIA: A CLUSTER RANDOMIZED TRIAL

Dyna Doum’, John Hustedt', Vanney Keo', Sokha Ly?, BunLeng
Sam?, Vibol Chan?, Neal Alexander?, John Bradley*, Didot B.
Prasetyo®, Agus Rachmat®, Sergio Lopes', Muhammad Shafique®,
Rithea Leang?, Jeffrey Hii¢

"Malaria Consortium, Phnom Penh, Cambodia, ?Cambodian National
Dengue Control Program, Phnom Penh, Cambodia, *World Health
Organization, Phnom Penh, Cambodia, “London School of Hygiene &
Tropical Medicine, London, United Kingdom, *U.S. Naval Medical Research
Unit-2, Phnom Penh, Cambodia, ®Malaria Consortium, Bangkok, Thailand

Dengue is one of the most rapidly spreading mosquito-borne viral
diseases in the world, and without a cure or widely available effective
vaccine the best measures to control dengue are through vector control
and the avoidance of mosquito bites. Pyriproxyfen (PPF) is a juvenile
hormone analogue that interferes with the metamorphosis of juvenile
mosquitoes and due to its favorable mammalian toxicity profile is ideal
for use in vector control activities. A new slow-release PPF matrix release
formulation (Sumilarv® 2MR) was developed and is recommended for six
months (considerably longer than alternatives which reduces operational
costs). While small scale field studies have been conducted, this is the first
large scale field evaluation, where site-specific processes may modify the
duration of residual effects relative to controlled experiments. Such large
scale field trials therefore measure effectiveness, rather than efficacy, and
are of strategic importance to control programs. A cluster randomized,
controlled superiority trial was developed to assess the effectiveness of
Sumilarv® 2MR. The trial based in Kampong Cham, Cambodia includes
96 sentinel containers from 20 clusters and runs from November 2015
to May 2016. The clusters were randomly assigned to an intervention

or control arm. Within randomly selected households the small water
jars most commonly used were selected as sentinel containers. Due to
the large amount of water replacement the results likely indicate the
lowest inhibition values in the household. The primary outcome was the
percentage inhibition of emergence in monthly 250 mL water samples.
Each lab assay was conducted with 25 lab reared third instar larvae.

The beakers were monitored for larvae and pupal mortality and adult
emergence once daily for eleven consecutive days or until the last adults
emerged or all remaining pupae died. The amount of water replacement
in water jars was also recorded to adjust the IE results from sentinel
containers. The results can be used by the control programs to assess
the long term efficacy and cost effectiveness of Sumilarv® 2MR under
operational conditions.

STUDIES ON KNOCKDOWN RESISTANCE (KDR) MUTATIONS
IN AEDES AEGYPTI AND AEDES ALBOPICTUS IN INDIA

Raja Babu Singh Kushwah', Taranjeet Kaur?, Prashant Kumar
Mallick?, Tridibes Adak?, Neera Kapoor?, Om Prakash Singh?

'International Centre for Genetic Engineering and Biotechnology, New
Delhi, India, ?National Institute of Malaria Research, New Delhi, India,
3Indira Gandhi National Open University, New Delhi, India

Knockdown resistance (kdr) is one of the mechanisms of insecticide
resistance in insects caused by the reduced target site sensitivity i.e.
voltage gated sodium channel (VGSC) rendering it less sensitive to

DDT and pyrethroids. We evaluated insecticide susceptibility and its
underlying kdr mechanism in eight Aedes aegypti and five Ae. albopictus
field populations from India. Field population were collected from four
different geographical regions of India viz. North, South, East and Central
covering 18 districts of ten states. Adult bioassays revealed varying levels
of resistance to DDT, permethrin and deltamethrin in all Ae. aegypti
populations and susceptibility to pyrethroids in Ae. albopictus populations
tested. Molecular screening for common kdr mutations, revealed the
presence of five mutations viz. S989P, V1016G, T1520I, F1534C/L.

Three PCR based assays; DNA sequencing, ASPCR, PCR-RFLP were used
for genotyping of twelve global kdr alleles. Two novel mutations were
observed, first at T1520 (ACC) residue where a C>T substitution at the
second position of codon results in amino acid change to Isoleucine (ATC).
Second mutation was an alternative point mutation at F1534 (TTC) residue
where a substitution of T>C at the first position of codon results in an
amino acid change to Leucine (CTC). No kdr mutation was observed in
any field population of Ae. albopictus. ASPCRs were not accurate so three
PCR-RFLP assays were developed. Representative samples of all genotypes
were sequenced to validate the newly developed PCR based assays for Ae.
aegypti. DNA sequencing data were in agreement with the genotyping
results. Genotyping results showed that 989P is linked to 1016G and
novel mutation 15201 was always found with 1534C allele. Present study
confirmed the presence of DDT and pyrethroid resistance among Ae.
aegypti populations in India and for the first time reported kdr mutations
in this species from India including two novel mutations. Results of present
study lead us to infer that, at least five kdr mutations (S989P, V1016G,
T1530I, F1534C and F1534L) can be seen as a potential marker for DDT/
pyrethroid resistance.

EVALUATING THE POTENTIAL OF REUSING LARVAL REARING
WATER IN SUPPORT FOR THE STERILE INSECT TECHNIQUE
(SIT) OR OTHER MASS PRODUCTION PROGRAM: EFFECT ON
DEVELOPMENT AND QUALITY OF ANOPHELES ARABIENSIS
MOSQUITOES

Wadaka Mamai

Insect Pest Control Laboratory, Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture, Vienna, Austria

The success of a mosquito mass rearing operation for sterile insect
technique (SIT) or other release application relies on a reliable supply of
water of sufficient quality for optimal larval development. An estimated
250 litres of water is required to raise 200,000 eggs in one larval rearing
rack. Yet, many arid and/or seasonally arid countries face the difficulties of
acute water shortage, deterioration of water quality, and environmental
constraints. The reuse of water to rear successive generations of larvae

is attractive as a way to reduce water usage and running costs, and help
to make this control method viable. Therefore, we have initiated work at
the IPCL to assess whether dirty water is a suitable rearing medium that
could replace the clean dechlorinated water that is currently routinely
used. Results indicated that reusing dirty water or using a 50:50 mix of
clean and dirty water did not affect egg hatching. Moreover, no difference
was found in time to pupation, larval mortality or sex ratio when first-
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instar larvae were added to clean water, dirty water, or a 75:25, 50:50 or
25:75 mix of clean and dirty water and reared until emergence. When
late-instar larvae were put back into their own rearing water, there

was no effect on pupation rate, emergence rate or female longevity,
though male longevity was reduced. When reared from first-instar larvae,
however, dirty water decreased pupation rate, emergence rate, body size,
and adult longevity. However no response variable differed significantly
between recycled water (reverse osmosis and ultrafiltration) and clean
water. This suggests that recycling dirty water necessarily restore overall
performance or mosquito quality. Re-used larval-rearing water has no
impact on egg hatching, development time or mortality of the immature
stages of Anopheles arabiensis. However, dirty water is not suitable for
the production of high quality adult mosquitoes. Recycling processes
improve water quality and increase insect quality. These findings may have
important implications for the implementation of the SIT in areas where
clean water is a scarce or costly resource.

DISTRIBUTION AND FREQUENCY OF INSECTICIDE
RESISTANCE IN ANOPHELES GAMBIAE S.L. POPULATION IN
LIBERIA

Ibrahima Baber’, Chrispin Williams?, George Gweh?, Agnes
Nador?, George Dehnue?, James Lama?, Paye Konah Nyansaiye?,
Oliver Pratt?, Ramlat Jose?, Christie Reed*, Aklilu Seyoum®, Christen
Fornadel®

'PMI Africa Indoor Residual Spraying (AIRS) Project, Abt Associates,
Monrovia, Liberia, ?National Malaria Control Program, Monrovia,

Liberia, 3U.S. President’s Malaria Initiative, U.S. Agency for International
Development, Monrovia, Liberia, *U.S. President’s Malaria Initiative,
Centers for Disease Control and Prevention, Monrovia, Liberia, *PMI Africa
Indoor Residual Spray (AIRS) Project, Abt Associates, Accra, Ghana, °U.S.
President’s Malaria Initiative, U.S. Agency for International Development,
Washington, DC, United States

Liberia’s malaria vector control program relies on insecticide-based
interventions and may be compromised by the emergence, intensity, and
spread of insecticide resistance among malaria vectors in the country.

The distribution and frequency of Anopheles gambiae s.I. resistance to
five insecticides were examined in six counties from June to December
2015. Three of the six counties included in this survey (Bong, Grand Bassa,
Margibi) conducted indoor residual spraying (IRS) from 2009 to 2013,
while in the other three counties (Nimba, Gbarpolu, Grand Gedeh), IRS
was not done. Non-blood-fed, 3 to 5-day old, female mosquitoes reared
from field-collected larvae were exposed to WHO insecticide impregnated
and control papers. Four classes of insecticides were tested against An.
gambiae s.|.: pyrethroid (deltamethrin 0.05% and alpha-cypermethrin
0.05%), carbamate (bendiocarb 0.1%), organophosphate (pirimiphos-
methyl 0.1%), and organochlorine (DDT 4%). About 100 female An.
gambiae s.|. were tested. Mortality was recorded after the 24-hour
holding period. An. gambaie s.|. populations from all six sites were fully
susceptible to pirimiphos-methyl (100% mortality rate). Full susceptibility
to bendiocarb was observed only in Grand Gedeh. Probable resistance to
bendiocarb was detected in four sites (Bong, Nimba, Margibi, and Grand
Bassa), with 97%, 94%, 97%, and 94% mortality rates, respectively,
while resistance to bendiocarb was detected in Gbarpolu (89% mortality).
Tested mosquitoes were resistant to deltamethrin (22%-73% mortality)
and to alpha-cypermethrin (5%-47% mortality) in all sites. The 24-hour
mortality for DDT tested in five of the six sites was 2%-49%. Comparison
of susceptibility of An. gambiae s.l. populations between counties with
and without IRS did not show a significant difference (p >0.05). Additional
assays are needed over time to map the rest of Liberia and track insecticide
resistance as interventions are scaled up.

IMAGING AND QUANTITATIVE MICROANALYSIS OF
PYRETHROID INSECTICIDES ON THE SURFACE AND
INTERIOR REGIONS OF LLIN FIBERS USING TIME-OF-FLIGHT
SECONDARY ION MASS SPECTROMETRY

Stephen C. Smith’, Chuanzhen Zhou?, Fred A. Stevie?

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
?North Carolina State University, Raleigh, NC, United States

Quantitative chemical mapping of permethrin and deltamethrin on the
surface of and within polyethylene long-lasting insecticidal net (LLIN) fibers
was carried out using time-of-flight secondary ion mass spectrometry
(ToF-SIMS). This method uses a highly focused (0.3um) Bi3+ primary beam
to sputter the fiber surface, and ionic molecular fragments (secondary
ions) from the top 1-2 monolayers of the fiber are extracted into a mass
analyzer for chemical identification. By rastering the primary beam,

a two-dimensional chemical map can be generated for a larger (e.g.,
500um?) sampling area at submicron resolution. Subsurface regions were
exposed for analysis by using a Cs+ beam to remove overlying material,
thereby permitting three-dimensional mapping. Calibration standards for
quantitative analysis were prepared by implanting known quantities of

Cl- and Br- ions in polyethylene films and LLIN fibers. Limits of detection
were determined to be 0.051 and 0.0088 weight percent for permethrin
and deltamethrin, respectively. Both insecticides were observed as discrete
deposits on fiber surfaces in as-received samples. The regeneration process
was directly observed in samples that were washed and incubated, and
the regenerated insecticide was more diffusely distributed on the surface
than in the as-received samples. For permethrin-containing fibers, discrete
high-concentration domains of insecticide were found within the fibers
suggesting that they are supersaturated with insecticide at ambient
temperatures. This method shows great potential for measuring the
portion of bioavailable insecticide on LLIN fibers and directly observing the
insecticide regeneration dynamics in “insecticide-incorporated” LLINS. It is
also potentially applicable to the microanalysis of other active ingredients
being considered for use in LLINs, such as piperonyl butoxide (PBO).

ANOPHELES ALBIMANUS MICROBIOTA AND LINKS TO
INSECTICIDE RESISTANCE: A SHOTGUN METAGENOMIC
SEQUENCING APPROACH

Nsa Dada, Audrey Lenhart

United States Centers for Disease Control and Prevention, Atlanta, GA,
United States

Understanding the factors that contribute to insecticide resistance is
needed to mitigate its threat to vector control, particularly in Latin
America, where vector control is being intensified as part of regional
malaria elimination strategies. Next Generation sequencing has been
applied to investigate the role of mosquito microbiota in various
mosquito behaviors and functions. We report here for the first time

the results of shotgun metagenomic DNA sequencing to characterize
mosquito microbiota in relation to insecticide resistance phenotypes.
Following evidence of a link between insecticide resistance and insecticide
detoxifying endosymbionts such as Burkholderia sp. in stinkbugs, we
hypothesized that the mosquito microbiota may contribute to insecticide
resistance. Anopheles albimanus from northern Peru were sequenced
using the lllumina MiSeq platform. Resulting data were quality checked
using PRINSEQ and Trimmomatic quality control tools, and taxonomic
composition analysis was performed using GOTTCHA, Kraken and
MG-RAST. Similar to other mosquito species, our data showed that An.
albimanus microbiota was dominated by a single taxon: Proteobacteria at
the phylum level, and Enterobacter at the genus level. Up to 50 bacterial
genera, including Burkholderia sp., constituted the remaining microbiota.
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Our ongoing analyses will further identify the core microbiota and their
functions in insecticide resistant and susceptible strains of An. albimanus
from Peru, Guatemala, and Mexico.

A CLUSTER RANDOMIZED TRIAL TO COMPARE BENDIOCARB
AND DELTAMETHRIN FOR INDOOR RESIDUAL SPRAYING ON
BIOKO ISLAND, EQUATORIAL GUINEA

John Bradley’, Dianna Hergott?, Guillermo Garcia', Jo Lines’,
Jackie Cook', Michel Slotman3, Wonder Phiriz, Christopher
Schwabe?, Immo Kleinschmidt’

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
2MCDI, Malabo, Equatorial Guinea, 3Texas A&M University, College Station,
TX, United States

Indoor residual spraying (IRS) - spraying the interior walls of houses with
insecticide - has been used on Bioko for malaria control since 2004. The
insecticide bendiocarb was used biannually from 2005 until 2012; and
during this period prevalence of malaria and under 5 mortality dropped
substantially. To reduce costs, biannual IRS with bendiocarb was replaced
by an annual round of IRS with a long lasting formulation of deltamethrin
in 2013, based on reported susceptibility of local vectors to both
insecticides. A marked increase in malaria prevalence in children 2 to 14
years in the same year prompted a cluster randomised trial to be carried
out to compare the effectiveness of bendiocarb and deltamethrin for IRS
on Bioko and to investigate whether the rise in malaria prevalence was
related to the change in insecticide. Twenty four clusters of houses were
randomly allocated to receive IRS with either bendiocarb or deltamethrin
in 2014. Approximately three months after the intervention, prevalence
of malaria infection and levels of haemoglobin were measured in
children aged 2 to 14 in each cluster. Prevalence of infection was lower
in the bendiocarb arm (16.8%, 95% Cl 11.1 - 24.7, N = 1374) than

in the deltamethrin arm (23.2%, 95% Cl 16.0 - 32.3, N = 1330) but
this difference was not significant (p = 0.390), even after adjusting for
confounders (p = 0.119). Mean haemoglobin was significantly higher in
the bendiocarb clusters (11.6g/dl, 95% Cl 11.5 - 11.8, N = 1326) than
in the deltamethrin clusters (11.5g/dl, 95% CI 11.3-11.7, N = 1329),

(p = 0.049 after adjusting for confounders). The results of this study are
somewhat inconclusive by themselves, but they suggest that, on Bioko,
bendiocarb may offer better protection against malaria infection than
deltamethrin. Subsequent data on phenotypic and metabolic resistance
to pyrethroids of local vectors would suggest that pyrethroid resistance
renders deltamethrin IRS ineffective for malaria control on Bioko.

INSECTICIDE SUSCEPTIBILITY LEVELS OF ANOPHELES
GAMBIAE S.L. MOSQUITOES IN AWKA, NIGERIA

Edith N. Nwankwo', Patricia N. Okorie?, Chineme T. Acha’, Obed
E. Okonkwo'

'Nnamdi Azikiwe University, Awka, Nigeria, ?Institute of Advance Medical
Research and Training, College of Medicine, University of Ibadan, Ibadan,
Nigeria

Long-lasting insecticide nets (LLINs) and indoor residual spraying (IRS) are
the main methods used for malaria vector control. However the success
of these methods has been hampered by the development and spread
of insecticide resistance in major malaria vectors. The emergence of
insecticide resistance in Anopheles mosquitoes in Nigeria has enormous
implications for vector control in the country. This study was therefore
carried out to investigate the susceptibility status of An. gambiae s.|
mosquitoes to the four main classes of insecticides used for vector control
in Amansea community, Awka North LGA, Anambra State, Southeast
Nigeria. Larval mosquitoes were collected from different breeding sites
and reared in the insectary. Mosquitoes were identified morphologically
and two to five day old adult female mosquitoes were used to conduct
WHO susceptibility assays. Susceptibility assays were carried out against
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pyrethroids (0.75% permethrin and 0.05% deltamethrin), organochlorine
(4% DDT), organophosphate (0.25% pirimiphos-methyl) and carbamates
(0.1% bendiocarb and 0.1% propoxur) insecticides. All mosquitoes
collected were identified as members of the Anopheles gambiae s.l.
Susceptibility assays showed that the mosquitoes were completely
susceptible to bendiocarb (100% mortality). Percentage mortality recorded
for the other insecticides were as follows: DDT (1.3%), pirimiphos-methyl
(15.6%), permethrin (26.3%), deltamethrin (38.8%) and propoxur
(87.5%) respectively. The KDT, recorded were bendiocarb (36.7 minutes),
propoxur (39.8 minutes), deltamethrin (50.9 minutes), permethrin (91.4
minutes), Pirimiphos-Methyl (116.3 minutes) and DDT (119.1 minutes).
On the other hand, the KDT,, recorded were bendiocarb (52.3 minutes),
propoxur (62.3 minutes), deltamethrin (85.6 minutes), permethrin (171.1
minutes), Pirimiphos-Methyl (185.3 minutes) and DDT (170.1 minutes).
The results show that there is very high frequency of insecticide resistance
in the study area and calls for prompt implementation of resistance
management practices in the area.

THE EFFECT OF IVERMECTIN ON THE AMAZONIAN MALARIA
VECTOR ANOPHELES DARLINGI: LC, DETERMINATION

Karin S. Escobedo-Vargas', Victor M. Lopez-Sifuentes’, Salomon
Durand', Geral C. Baldeviano', Robert V. Gerbasi', Gissella M.
Vasquez', Kevin Kobylinski?

U.S. Naval Medical Research Unit - 6, Callao 2, Peru, ?’Armed Forces
Research Institute of Medlcal Sciences, Bangkok, Thailand

Current malaria vector control measures target mainly endophagic
Anopheles vectors; yet malaria transmission in South America is dominated
by exophagic and exophilic vectors, indicating the need to evaluate

novel control tools effective against such vectors. lvermectin mass drug
administration has been shown to be lethal to wild Anopheles in West
Africa and has the potential to target exophagic and exophilic vectors.
Although lethal to numerous Anopheles vectors, there is no information
on the effects of ivermectin on South American vectors. Here, we
evaluated the impact of ivermectin on the dominant Amazonian malaria
vector, An. darlingi through in vitro experiments. We estimated the lethal
concentration of ivermectin that kills 50% (LC, ), 25% (LC,,) and 5% (LC,)
of mosquitoes in membrane feeding experiments. Varying concentrations
of ivermectin were blood fed to 3-5 day old, laboratory-reared (F,-F,)

An. darlingi mosquitoes; survivorship was monitored and recorded daily
for 7 days post blood meal. Ten replicates with four to ten ivermectin
concentrations per replicate, including a control, were tested across a
range of 4 — 1000 ng/ml. The LC,, LC,, and LC, of ivermectin fed to An.
darlingi was calculated as LC, =36.4 ng/ml [29.7, 42.7], LC ,=20.7 ng/
ml [14.1, 26.1], and LC,=9.2 ng/ml [4.5, 13.7] (n = 4333, 10 replicates).
These LC, values demonstrate that An. darlingi is susceptible to ivermectin
concentrations found in humans post oral drug administration. Future in
vitro experiments will determine if ivermectin inhibits the ability of An.
darlingi to re-feed as was demonstrated in An. gambiae previously, and
investigate whether ivermectin inhibits the development of P vivax in An.
darlingi as has been shown with P falciparum in An. gambiae and more
recently with P vivax in An. dirus. In vitro ivermectin mosquito-lethal
effects against An. darlingi would suggest that ivermectin mass drug
administration could be a novel, powerful malaria vector control tool in
Peru and other Amazonian countries.
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USING STABLE ISOTOPES OF CARBON AND NITROGEN TO
MARK WILD POPULATIONS OF ANOPHELES AND AEDES
MOSQUITOES IN SOUTHEASTERN TANZANIA

Mercy Opiyo', Gabriel L. Hamer?, Dickson W. Lwetoijera’, Silas
Majambere?, Fredros O. Okumu’

'Ifakara Health Institute, Dar es Salaam, United Republic of Tanzania,
2Texas A&M University, College Station, Texas, TX, United States,
3Innovative Vector Control Consortium, Liverpool, United Kingdom

Marking wild mosquitoes is important for understanding their ecology,
behaviours and role in disease transmission. Traditional insect marking
techniques include using dyes, biological agents and tags but such
techniques have various limitations like low marker retention and inability
to mark wild mosquitoes at source. Stable isotopes are gaining wide
spread use for non-invasive marking of arthropods, permitting greater
understanding of mosquito dispersal and responses to interventions. We
describe here a simple technique for marking naturally-breeding malaria
and dengue vectors using stable isotopes of nitrogen (15N) and carbon
(13C), and describe potential field applications. We created man-made
aquatic mosquito habitats and added either 15N-labelled potassium nitrate
or 13C-labelled glucose, leaving non-adulterated habitats as controls. We
then allowed wild mosquitoes to lay eggs in these habitats and monitored
their development in situ. Pupae were collected promptly as they appeared
and kept in netting cages. Emergent adults (in pools of ~4 mosquitoes/
pool) and individually stored pupae were desiccated and analysed using
Isotope Ratio Mass Spectrometry (IRMS).Anopheles gambiae s.| and Aedes
spp. from enriched 13C and enriched 15N larval habitats had significantly
higher isotopic levels than controls (P=0.005), and both isotopes produced
sufficient distinction between marked and unmarked mosquitoes.

Mean 815N for enriched females and males were 275.64+65.12 and
247.95+54 .55, while mean 815N in controls were 2.1+0.1 and 3.9+1.7
respectively. Similarly, mean 613C for enriched females and males were
36.08+5.28 and 38.5+6.86, compared to -4.3+0.2 and -7.9+3.6 in
controls respectively. In all cases, there were variations in standardized
isotopic ratios between mosquito species. Enrichment of semi-natural
mosquito larval habitats with stable isotopes of nitrogen and carbon
resulted in effective marking of Anopheles and Aedes mosquitoes
colonizing these habitats. This approach can significantly enhance studies
on mosquito eco-physiology, dispersal, pathogen transmission and
responses to control measures.

THE ROLE OF IMMUNE PATHWAYS IN WOLBACHIA-
MEDIATED BLOCKING OF DENGUE VIRUS IN AEDES AEGYPTI

Gerard Terradas, D. Albert Joubert, Elizabeth A. McGraw
Monash University, Melbourne, Australia

The bacterial endosymbiont Wolbachia pipientis has been shown to
protect its host against many pathogens, including dengue virus (DENV).
DENV's main vector, Aedes aegypti, is not a natural carrier of the
bacterium but a stable transinfection was achieved some years ago using
the Wolbachia strain wMel. Due to the protection conferred by Wolbachia,
the symbiont is being developed as a means of vector control to reduce
disease incidence long-term. Although, Wolbachia-induced priming of
the immune system has been suggested as a mechanism conferring
pathogen protection its role is poorly understood. Here we attempted to
determine the individual contribution of several insect immune pathways
to Wolbachia’s protective ability. Using RNAI techniques, knockdown of
genes representing each of the five major insect immune pathways (TOLL,
Imd, Autophagy, JAK/STAT and RNAI) was achieved in A. aegypti cells

(+- wMel). Simultaneous knockdown of more than one gene was also
performed to assess for multifactorial effects. Cells were challenged with
a DENV-2 strain after the manipulation of host immune gene expression
and DENV copy number was evaluated 5 days post-infection. We found
that wMel based blocking was dependent on 2 of the pathways; JAK/

STAT and RNAI pathways. Both pathways are known to be involved in

the antiviral response and are known to be manipulated by dengue virus
infection. A weaker interaction was found between Wolbachia and the
Toll and Autophagy, but not Imd pathways. Our results suggest that both
the JAK/STAT and RNAI pathways are the main immune contributors to
Wolbachia-mediated DENV blocking, since suppression of its effectors lead
to a dramatic increase in the dengue virus titre.

COMPARISON OF MORPHOLOGICAL AND MOLECULAR
IDENTIFICATION OF OUTDOOR ANOPHELINE MOSQUITO
SPECIES IN AN AREA TARGETED FOR ELIMINATION IN
SOUTHERN ZAMBIA

Saidon Mbambara
Macha Research Trust, Choma, Zambia

Malaria was once a leading cause of morbidity and mortality in Macha,
Choma District, Southern Zambia. However, in the past decade malaria
incidence has declined and elimination strategies are now being rolled
out. In conjunction with this decline, few numbers of the primary local
malaria vector, Anopheles arabiensis caught indoors are still present in
the vector population. Malaria cases are reported at health facilities with
severe cases and deaths recently rising at Macha Hospital. To investigate
the contribution that other anopheline species that forage outdoors
make to malaria transmission, collections from homesteads within the
catchment area of Macha Hospital were conducted. Standard morphology
in conjunction with molecular tools were used for identification of
mosquitoes caught between February 2015 and April 2015 from UV
traps set outdoors next to animal enclosures. A total number of 1283
mosquitoes were collected of which 650 (50.7%) were anophelines.
Morphological identifications revealed seven different species. Following
DNA extractions of the abdomen, PCR was employed which amplified
the intergenic-spacer -2 region of the nuclear rDNA. Of the 640
samples successfully analyzed, 11 different anopheline species were
identified molecularly with the majority (53.8%) being An. squamosus.
Morphological identification of specimens accurately identified 85%

of An. squamosus, and 62% of the second been An. arabiensis. As
malaria control targets and impacts the major malaria vectors in Zambia,
surveillance of previously understudied species is important as they begin
to constitute a larger proportion of potential vector collections. The

use of molecular-based techniques for the identification of anopheline
mosquitoes is vital to confirm identities, assign behaviors to particular
species and accurately determine each species contribution to malaria
transmission.

IS ANOPHELES PALUDIS A VECTOR OF MALARIA IN THE
DEMOCRATIC REPUBLIC OF CONGO?

Francis Wat'senga’, Emile Manzambi', Oscar Lodi?, Tania
Mampangulu', Richard Oxborough?, Djenam Jacob?, Joris Likwela®,
Filiberto Hernandez¢, Seth Irish®

'Institut National de Recherche Biomedicale, Kinshasa, Democratic
Republic of the Congo, “Hopital de Lodja, Lodja, Democratic Republic of
the Congo, ?Abt Associates, London, United Kingdom, “Abt Associates,
Washington, DC, United States, *Programme National de Lutte contre

le Paludisme, Kinshasa, Democratic Republic of the Congo, ¢Centers for
Disease Control and Prevention, Atlanta, GA, United States

Anopheles paludis was the most common Anopheles mosquito collected
in human landing collections in Lodja, central DRC, during sentinel site
collections in 2013 and 2014. Anopheles paludis had been previously
collected in the neighboring province of Bandundu with sporozoite rates
of 6%. To see if An. paludis was acting as a vector in Lodja, monthly
human landing catches and pyrethrum spray catches were conducted
over the course of 2015. Mosquitoes were identified to species and
Anopheles mosquitoes were tested for presence of circumsporozoite
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protein using ELISA. An. paludis was the most common | mosquito
collected in 2015. An. gambiae s.I. and An. funestus were also collected.
An. paludis displayed an early biting peak, with the highest numbers
collected between 1900 and 2000h. None of 1366 An. paludis females
tested positive for sporozoites. Despite high densities of anthropophilic
An. paludis present in Lodja, it does not appear to be an important vector
of malaria. Further work is needed to understand whether there are
differences between An. paludis populations in Lodja and Bandundu.

DOMINANT ROLE OF ANOPHELES FUNESTUS GILES, IN A
RESIDUAL TRANSMISSION SETTING IN SOUTHEASTERN
TANZANIA

Emanuel W. Kaindoa, Dickson W. Lwetoijera, Halfan S. Ngowo,
Nancy S. Matowo, Arnold Mmbando, Alex J. Limwagu, Said
Abbasi, Deogratius K. Roman, Gustav Mkandawile, Lina Finda,
Doreen Siria, Fredros O. Okumu

Ifakara Health Institute, Environmental Health and Ecological Sciences
Thematic Group, Morogoro, United Republic of Tanzania

Malaria is transmitted by more than one anopheline mosquito species,
but the roles of these species vary in different epidemiological settings.
We assessed the role of the two dominant Anopheles mosquito species

in selected villages in Ulanga and Kilombero districts in south-eastern
Tanzania. Monthly mosquito sampling was done in randomly selected
households in three villages using CDC light traps, back pack aspirators
and HLC between January -2015 and January-2016. Multiplex polymerase
chain reaction (PCR) was used to identify members of the An. funestus
group mosquitoes and An. gambiae s.|, to species level. Enzyme-linked
immunosorbent assay (ELISA) was done to detect Plasmodium sporozoites
in the mosquito salivary glands, and to identify sources of mosquito

blood meals. The geographical distribution of infected An. funestus and
An. arabiensis mosquitoes was determined by ArcGIS 10 (ESRI-USA)
software. A total of 22,391 An. arabiensis and 4,802 An. funestus were
collected. Among the An. funestus group mosquitoes, An. funestus s.s.
predominated (76.6%), An. rivulorum (2.9%) and An. leesoni (7.1%)

and unamplified samples (13.4%). About 86% of all infected mosquitoes
were An. funestus s.s. while 14% were An. arabiensis. Overall, An.
funestus group contributed to 93.4% and An. arabiensis contributed

to 5.6% respectively of the annual EIR. In the An. funestus group, An.
funestus s.s contributed to 96% of the transmission while An. rivulorum
contributed 4%. Mosquito blood meal sources included: humans, 79.2%,
bovine, 17.1%, dog, 2.4% and chicken, 1.2%. Infected An. funestus
were distributed across the study area while infected An. arabiensis were
confined to small part in the middle of study area. Though An. arabiensis
are still the most prevalent of the vector species in the study area, ongoing
residual malaria transmission could is predominantly mediated by An.
funestus. The evidence from this study demonstrates that An. funestus
have a significant role as the main driver of malaria transmission in these
study villages. An. funestus could be responsible for resurging malaria
transmission in communities where LLINs are widely distributed.

COMPARATIVE FLAVIVIRUS SUSCEPTIBILITY AMONG AEDES
AEGYPTI STRAINS UNDER LABORATORY AND SIMULATED
FIELD CONDITIONS

David S. Kang', Diane D. Lovin', Joanne M. Cunningham?,
Matthew W. Eng’, David D. Chadee?, David W. Severson'

"University of Notre Dame, South Bend, IN, United States, 2University of
the West Indlies, St. Augustine, Trinidad and Tobago

The mosquito Aedes aegypti is the primary global vector of dengue virus
and Zika virus. Previous investigations have demonstrated variable levels of
virus susceptibility, and subsequently vector competence, due to genetic
variability between Aedes aegypti strains. However, previous studies
uniformly employed optimal laboratory mosquito rearing conditions
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that do not reflect the effects of environmental variability encountered
by larvae under natural conditions. Our previous studies have shown
significant differences in body size between field vs laboratory reared
individuals of the same genetic background. Here, we characterized

and compared differences in susceptibility of three A. aegypti laboratory
strains and a recent A. aegypti field isolate from Trinidad to dengue virus
(DENV2 JAM1409) and two isolates of Zika virus (Zika CAM, Zika MAL)
under both optimized laboratory regimes and conditions simulating
realistic, nutrient deficient field habitats. We present dissemination rates
of each mosquito strain to each virus as well as quantify viral load in
female A. aegpyti mosquitoes 14 days post infection. The implications of
gene by environment interaction, and the role of phenotypic plasticity are
then further discussed in the contexts of capitalizing on increasing our
knowledge on heritable differences in flavivirus susceptibility to better
inform disease prevention programs.

EVALUATING NEW TOOLS FOR MONITORING BRAZILIAN
AND EAST AFRICAN MALARIA VECTORS

Elis P. Batista', Alvaro E. Eiras', Fredros O. Okumu?

"Universidade Federal de Minas Gerais, Belo Horizonte, Brazil, *Ifakara
Health Institute, Ifakara, United Republic of Tanzania

To sufficiently monitor ongoing malaria transmission and evaluate whether
interventions are achieving desired effects, adequate mosquito surveillance
methods are essential. It is important that such tools are applicable in
several environments and different countries, rather than just in specific
localities. This study aimed to assess the BG-Malaria trap (BGM), which
has recently been demonstrated as effective against the Brazilian malaria
vector, Anopheles dalingi, as a practical method for monitoring malaria
vectors also in east Africa. We compared BGM with BG-Sentinel trap
(BGS) and Human Landing Catches (HLC) for sampling African malaria
mosquitoes, using a set of two separate 3 by 3 Latin square experiments
replicated 4 times each. The field study was conducted in rural Ulanga
district, in southeast Tanzania for 12 nights (06:00pm - 06:00am).
Separately we evaluated 5 different mosquito lures, all using BGM and
parity ratios were assessed for all traps and compared. We collected a
total of 1003 Anopheles mosquitos, almost half of whichit were caught
by BGM (49.7%). HLC and BGS caught 34.0% and 16.3% respectively,
with a significant difference between the methods (P=<0,0001). The
mean numbers of An. gambiae and An. funestus caught in the BGM per
night were19.0 [Cl: 17.45 - 20.96] and 3.5 [2.22 - 5.49]. HLC caught 11.7
[Cl: 10.09 - 13.58] and 1.3 [0.68 - 2.44] and BGS caught 6.0 [Cl: 4.60
-6.76] and 1.2 [0.62 - 2.24] respectively. The others Anopheles species
corresponded to 2% of total mosquitos caught. Data on the comparative
evaluation of the lures, and also on parity status of the mosquitoes is
being analysed and will be presented at the meeting. The BGM trap was
considerably more effective than BGS, a trap widely used for monitoring
vectors, and performed better as HLC as well, which is considered the
“gold standard” method for catching mosquitos. The results described
here for BGM are promising and hence could be used as a surveillance
tool for malaria vectors. More tests are underway to validate the results in
other sites in the district and will be presented at the meeting.

EVALUATION OF A NOVEL POLYTETRAFLUOROETHYLENE
(P.T.F.E) - BASED MEMBRANE FOR BLOOD-FEEDING MALARIA
AND DENGUE FEVER VECTORS

Doreen J. Siria, Mercy Opiyo, Robert Sumaye, Fredros O. Okumu
Ifakara Health Institute, Ifakara, Morogoro, United Republic of Tanzania

Blood feeding of female mosquitoes is an essential activity for colonization
and maintenance of mosquitoes which are often required for research

on vector-borne diseases. Common laboratory blood feeding strategies
for rearing mosquito colonies use direct host feeding (DHF) such as on
human arms or on live animals. The aim of this study was to evaluate the
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artificial way of blood-feeding mosquitoes which is simple, affordable,
sustainable and efficient in comparison to existing method DHF. We
adapted and validated an artificial feeding (AF) method to replace DHF
for the maintenance of Aedes aegypti, Anopheles arabiensis and An.
gambiae s.s mosquito colonies. This blood feeding system uses fresh
bovine blood as blood meal source, stored in vacutainer tubes containing
the anticoagulant, ethylenediaminetetraacetic acid (EDTA). The blood
was placed at the bottom surface of the disposable styrofoam cups and a
simple membrane made of polytetrafluoroethylene (PT.F.E) was stretched
thinly over the bottom surface of the cup for mosquitoes to access the
membrane and were fed for 20 min. Blood feeding rate, fecundity and
survival rates of mosquitoes fed using the AF were compared to those
mosquitoes fed using direct human arm feeding.The preliminary results
show that Ae. aegypti mosquitoes had similar feeding rates on AF and
DHF of about 100%. However the feeding rates of An. arabiensis and
An. gambiae s.s on DHF had the highest rates compared to membrane
feeding. Artificial feeding rates on An. arabiensis and Anopheles gambiae
were (40%, 47.5%) and (52 %, 48.5%) for the first and second replicate
respectively while DHF the feeding rate was about 99% in malaria vectors
for both replicates. The results show that bovine blood meal source has
impact on the feeding rates of malaria vectors the An. gambiae s.s and
An. arabiensis in comparison to Ae. aegypti species. Data of fecundity and
survival will be presented at the meeting.The procedure can be adopted
by laboratories due to its simple and affordable materials and design and
it could be used as an alternative to the direct feeding method in different
biological studies and studies on parasite transmission by vectors.

JAPANESE ENCEPHALITIS IN SIVASAGAR, ASSAM, INDIA,
2011-2014

Takujungla Jamir', B C Bhagabati?, Aakash Shrivastava', Srinivas
Venkatesh'

"National Centre for Disease Control, Delhi, Indlia, *State Surveillance Unit,
Integrated Disease Surveillance Programme, Assam, Guwahati, India

Japanese encephalitis (JE) is a vaccine-preventable cause of acute
encephalitis syndrome (AES) with high (20-30%) case fatality rate (CFR).
India has a high JE global burden;however, 50% JE cases are in Assam
state. We estimated JE burden by time, place, and person in Sivasagar
district, a high burden district within Assam, from 2011-2014. We
reviewed records and reports of all AES patients who attended three
hospitals in Sivasagar from January 1, 2011 to December 31, 2014. We
evaluated AES/JE by time, place, and person, including disease trends and
patients’ vaccination status.In 2011-2014, Assam had 7,498 AES patients
of which 647 (9%) were from Sivasagar (2011: 246; 2012: 140; 2013:
133; and 2014: 128). All were tested for JE virus and 314 (49%) were
positive (2011: 128, 52%; 2012: 58, 41%; 2013: 64, 48%; and 2014:
64, 50%). During 2011-14, the majority of JE (291/314, 93%) and AES
(313/333, 94%) patients were from rural areas and most JE patients were
reported in July (65%). Median age of JE patients was 43 years (0.9-97
years) and AES was 29 years (0.1-85 years). Among JE patients, males
(62%) were more affected whereas among AES, gender proportions were
similar (males: 51%). Among 647 patients, 54 AES (16%) and 29 JE (9%)
patients were vaccinated against JE. The CFR of AES and JE were similar
(AES:38%; JE:38%) in Sivasagar and were both higher than the Assam
average (AES: 17%; JE: 23%). JE/AES in Sivasagar with a low vaccination
coverage and high CFR calls for urgent public health attention especially
for rural areas and older persons. Analysis of risk factors and prevention
strategies is recommended.

THE IMPACT OF SOCIODEMOGRAPHIC FACTORS ON AEDES
ALBOPICTUS DISTRIBUTION AND ABUNDANCE IN ATLANTA,
GEORGIA

Sarah Witter', Joseph McMillan?, William Koval?, Gonzalo
Vazquez-Prokopec?

'Rollins School of Public Health, Emory University, Atlanta, GA, United
States, Department of Environmental Sciences, Emory University, Atlanta,
GA, United States

Since its invasion to the continental United States in 1985, the Aedes
albopictus mosquito has become a well-established nuisance mosquito.
Breeding in both natural and artificial containers, the distribution of this
mosquito may be strongly influenced by humans. Although considered

a secondary vector of certain arboviruses, recent outbreaks have caused
its vector status to be reevaluated. Determining the sociodemographic
factors which affect the distribution of this mosquito throughout distinct
geographical locations is paramount in limiting future establishments
and preventing the transmission of pathogens. A total of 142 houses
were sampled across three neighborhoods with varying house values in
Georgia, USA between July and August 2015. Non-parametric tests were
utilized to determine if differences existed between container type and
the three neighborhoods. The importance of house value was assessed
within neighborhoods using simple linear regression. Finally, negative
binomial generalized linear models with and without random effects
were created in order to identify significant predictors of Ae. albopictus
and container abundance across the three neighborhoods. The median
number of rubber containers differed significantly between the low house
value neighborhood and the high and middle neighborhoods (p-value
=<0.001 and p-value= <0.001, respectively). None of the simple linear
regressions yielded significant results; however, clear associations were
present. The Akaike weights from the model which best accounted for
number of mosquito-positive containers was 35.3% and IV instar Ae.
albopictus larvae was 41.5%. House value was determined to be either
the best predictor or one of the best predictors in the chosen models.
The non-parametric tests and simple linear regressions suggest that
house value does impact breeding site abundance and Ae. albopictus
distribution. The multivariate hierarchical models support the hypothesis
that the distribution of Ae. albopictus larvae depends, at least in part, on
sociodemographic factors.

COMPARATIVE EVALUATION OF SIX OUTDOOR SAMPLING
TRAPS FOR DISEASE- TRANSMITTING MOSQUITOES

IN REFERENCE TO HUMAN LANDING CATCH IN RURAL
TANZANIA

Alex J. Limwagu, Emmanuel Kaindoa, Nancy S. Matowo, Salum
Mapua, Arnold Mmbando, Halfan Ngowo, Lina Finda, Fredros O.
Okumu

Ifakara Health Institute, Morogoro, United Republic of Tanzania

There is a growing concern on how mosquito sampling methods can be
safely performed in malaria endemic countries. Human landing catch is the
best mosquito sampling method, it is labor intensive and exposes induvial
to malaria transmission risks. This is an ongoing study which assesses

the different mosquito sampling traps aiming to find an alternative for
HLC in terms of effectiveness, densities, diversities and behaviors of
disease- transmitting mosquitoes.Seven traps were introduced to sample
mosquitoes. These were Mosquito Magnet (MMX), BG-Sentinel, Suna
trap, Ifakara Tent Trap-C (ITT-C), M-Trap and M-Trap fitted with CDC

Light trap. The traps were comparatively evaluated and calibrated with
reference to the Human Landing Catch (HLC). A series of multiple 7*7
latin square experiments were conducted in 6 different villages over a
total of 12 months, working in dry and wet season in each of the villages,
to comparatively evaluate 6 different trap types against human landing
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catches, the current gold-standard sampling tool. Seven position identified
to each of this villages with the distance of 100m from one trap to
another. The different traps rotated to the seven positions, that at the end
of a 7 day rotation, each trap type had been to each of the seven locations
at least once. The experiment were replicated 3 times for a total of at least
21 nights, start from 18:00hrs to 06:00hrs. The outcome measure will be
the comparisons of effectiveness of different traps in terms of capturing
high density and diversities of outdoor host seeking mosquitoes relatively
to the reference method (HLC).A total of 62317 of all female mosquitos
were collected for six villages for both seasons wet and dry, where BG-
Sentinel n=5571 (8.94%), HLC n=13909 (22.32%) ITT-C n= 3775 (6.06)
MMX n= 4468(7.17%) M-Trap n= 8429 (13.52) M-Trap with CDC Light
trap n=12011(19.27%) and Suna trap n=14003 (22.47%) The result is
showing there is no significant different between HLC, Suna trap and
M-trap fitted with CDC for all total number of female mosquitoes but
there is a different between HLC, against M-trap, BG-Sentinel, MMX and
ITT-C in the first round.

CHARACTERIZATION OF SURFACE LAYER MICROBIAL
COMMUNITIES OF ANOPHELES GAMBIAE COMPLEX LARVAL
HABITATS IN BURKINA FASO

Marco Pombi’, Valentina Totino?, Bruno Fosso3, Monica
Santamaria®, Francesca Guerrieri¢, Imael Bassole®, Wamdaogo M.
Guelbeogo¢, N'Fale Sagnoné, Valerio lebba?, Graziano Pesole?,
Alessandra della Torre?, Serena Schippa?, Carlo Costantinié

'Dip. Sanita Pubblica e Malattie Infettive - Universita di Roma “Sapienza”,
Rome, Italy, ?Dip. Sanita Pubblica e Malattie Infettive - Universita di
Roma, Rome, Italy, °Istituto di Biomembrane e Bioenergetica — CNR, Bari,
Italy, “Center For Life - Nanoscience IIT - Universita di Roma “Sapienza”,
Rome, Italy, *Université de Ouagadougou, Laboratoire de Biochimie
Alimentaire Enzymologie Biotechnologie Industrielle et Bioinformatique,
Ouagadougou, Burkina Faso, °Centre National de Recherche et Formation
sur le Paludisme, Ouagadougou, Burkina Faso, ’Istituto di Biomembrane
e Bioenergetica — CNR, Dipartimento di Bioscienze, Biotecnologie e
Biofarmaceutica, Universita di Bari, Bari, Italy, éInstitut de Recherche pour
le Développement, UMR MIVEGEC (UM1, UM2, CNRS 5290, IRD 224),
Centre IRD France-Sud, Montpellier, France

Afro-tropical malaria vectors of the Anopheles gambiae complex
represents a remarkable example of adaptive radiation thought to be
driven by ecological divergence operating predominantly on the larval
stages. Some ecological factors involved in larval niche partitioning, such
as different ability to escape predators or tolerate abiotic stress, have
been identified. Little is known, however, about the role in this process of
environmental microbial communities occurring in the larval habitats. Thus,
we tested the hypothesis that members of the An. gambiae complex are
preferentially associated with different microbial communities.To this aim,
we sampled An. gambiae s.|. larvae and the surface layer of 63 randomly
chosen water collections in the village of Goundry (Burkina Faso). The
microbiological profile of each site was obtained by PCR amplification
using consensus primers flanking the V6-V8 region of bacterial 16S rDNA,
and subsequent sequencing by lllumina Miseq. Paired-end reads were
taxonomically analysed using the two bioinformatic pipelines BioMas,

for identification at species level, and QIIME, for OTU based analysis. The
relative frequencies of mosquito species occurring in the larval sites (i.e.
An. arabiensis, An. gambiae, and An. coluzzii) were associated to the
inferred bacterial composition by Canonical Correspondence Analysis
(CCA).Preliminary analysis of a subsample of 37 breeding sites based

on 1,620 molecularly-identified mosquitoes (45% An. coluzzii, 38%

An. arabiensis, 17% An. gambiae) showed that bacterial composition
accounted for 6% of the total variance in larval relative frequencies.

The first two canonical axes, which accounted for ~75% of the
explained variance, separated the three species and associated bacterial
communities.The results indicate that microbial communities occurring

in larval habitats can be informative about the composition of sympatric
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species of the An. gambiae complex, supporting the hypothesis that
particular environmental bacteria may represent an ecological marker of
niche partitioning for these malaria vector species.

A DRAMATIC DECLINE OF MALARIA TRANSMISSION IN
AND AROUND IFAKARA, A RAPIDLY GROWING TOWN IN
SOUTHEASTERN TANZANIA, SINCE 2000

Marceline F. Finda
Ifakara Health Institute, Ifakara, United Republic of Tanzania

Ifakara is a small but rapidly growing town of about 60,000 people in
South-eastern Tanzania. A steady but high increase of population in
Ifakara area has resulted in a rapid urbanization of the area, which in
turn has had a negative impact on malaria transmission. In 2003, Ifakara
had an estimated annual entomological inoculation rate (EIR) of 29. Our
study aimed at determining changes in malaria transmission over the past
decade. A total of 110 households were randomly sampled from across
the five wards of Ifakara area. Mosquito collection was done between
June 2015 and January 2016, using CDC light traps indoors, and Suna®
traps outdoors. Comparison of indoor and outdoor mosquito density was
done using the Human Landing Catches (HLC). Anopheles mosquitoes
were morphologically identified, and analysed for Plasmodium sporozoites.
Blood fed mosquitoes were also examined for blood-meal sources. A total
of 2658 Anopheles mosquitoes were caught from 800 trap nights and

80 Human Landing Catches, including: 2,131 Anopheles gambiae sensu
lato, 355 Anopheles funestus group, and 172 Anopheles coustani. Of

all the malaria vectors, 85% were collected only from two wards, which
were the most rural of the 5 Ifakara wards. All the An. gambiae s.. were
identified as An. arabiensis, and 95% of the An. funestus were identified
as An. funestus funestus, the rest being An. rivulorum. Enzyme-linked
immunosorbent assays were performed on 2,658 Anopheles mosquitoes
and only one was found positive, which was an An. funestus caught
outdoors by HLC in Katindiuka ward. Plasmodium sporozoite rate was
calculated as 0.04% in all An. gambiae and An. funestus combined, and
2.8% in just the An. funestus. Overall mean nightly biting rates by malaria
vectors were 3.02 mosquitoes per night, thus the EIR was estimated as
0.128. In conclusion, the EIR in Ifakara has dropped by over 99% in just
over a decade, compared to what was observed in previous reports. The
on-going transmission is concentrated in only a small and more rural
section of the Ifakara area, which could be readily targeted with improved
control measures towards local elimination.

SPATIAL SEGREGATION OF VECTOR MOSQUITOES IN URBAN
BALTIMORE, MD

Megan E. Saunders, Paul T. Leisnham
University of Maryland, College Park, MD, United States

Understanding processes that govern vector mosquito coexistence can
help predict disease risk and guide public health interventions. Theoretical
and empirical ecology indicate that under resource-limiting conditions

in a constant environment, competition between species should result

in the exclusion of the inferior competitor. Multiple vector mosquito
species coexist in southwest Baltimore, MD, where vacant lots containing
high densities of water-filled trash containers are interspersed within a
matrix of maintained lots with fewer containers. One hypothesis that
may help explain the coexistence of Culex mosquitoes with the superiorly
competitive Ae. albopictus in Baltimore is a colonization-competition
tradeoff, which predicts species coexistence in an environment with ideal
habitats when an inferior competitor in a metapopulation can escape
exclusion by having a superior ability to colonize vacant or sparsely
populated patches. In this study, we tested the prediction that there would
the highest abundances of Cx. species and Ae. albopictus in vacant lots
compared to intervening occupied lots. We placed 5 oviposition traps

in each of 6 vacant lots and 6 randomly selected sites in intervening
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maintained lots in early and late mosquito season in paired city blocks in
southwest Baltimore. Resident containers at each site were also surveyed
for mosquito larvae during the late season session. In the early season,
Cx. species and Ae. albopictus made up 80.8% and 15.2% of the 2619
total collected larvae, respectively. 75% of early season larvae came from
abandoned lots. In the late season, Culex species and Ae. albopictus
comprised 16.8% and 83.2% of larvae, respectively. 45 resident containers
were identified with the majority (36) found in vacant lots. 51% of the
resident containers contained larvae, with 87% of the larvae coming from
abandoned lots. Resident container data and early season ovitrapping
support the prediction that vacant lots support both higher abundances
of larval habitat and abundances of Culex and Ae. albopictus compared
to maintained lots, and should be targeted for mosquito reduction
interventions in the future.

EXPERIMENTAL PERTURBATIONS OF CULEX RESTUANS
POPULATIONS AND THEIR EFFECT ON WEST NILE VIRUS
TRANSMISSION BY MEMBERS OF THE CX. PIPIENS COMPLEX

Joseph R. McMillan', Rebekah A. Blakney’, Daniel Mead?,
Sarah Witter', Lyndsey Grey', William Koval', Gonzalo Vazquez
Prokopec!

'Emory University, Atlanta, GA, United States, ?University of Georgia,
Athens, GA, United States

In the eastern United States, the mosquito species Culex restuans and
members of the Culex pipiens complex transition in abundance and
epidemiological importance as vectors of urban arboviruses. Cx. restuans
is most active during periods of West Nile virus (WNv) reemergence (early
season) and the Cx. pipiens complex is most active during periods of
peak WNv transmission (summer) and is considered the primary vector

of WNv in the U.S. Previous studies have suggested evidence for early
season enzootic WNv transmission by Cx. restuans, yet an empirical
connection between the two species’ transmission networks has not been
established. We designed a semi-natural treatment-control experiment to
test the hypothesis that the seasonal reemergence of the enzootic WNv
transmission cycle is linked to the presence and blood feeding activities
of early season Cx. restuans populations. To test this hypothesis, from
March 21st to June 1st, 2016 we applied a rotating combination of
methoprene (8.62%) and Bacillus thuringiensis (Bti) (10.31%) larvicides
in road-side catch basins and storm drains in two urban parks in Atlanta,
GA at temporal intervals corresponding with peak abundance of Cx.
restuans populations. We then monitored WNv infection in the enzootic
cycle during and post treatment by 1) testing blood samples obtained
from the resident passerine birds for evidence of WNv antibodies and 2)
testing all Culex spp. mosquitoes collected with aspirators, gravid traps,
and CDC light traps for WNv infections. These surveillance methods were
paired with collections from two untreated parks in Atlanta. Preliminary
Before-After Control Intervention analyses show that Cx. restuans breeding
populations were successfully suppressed in the treatment parks relative
to the controls; however there was no effect of larval control on adult Cx.
restuans population abundance. Avian WNv antibody seroprevalence and
Culex spp. mosquito WNv infection data are currently being processed.

PRESENCE OF SPECIES WITHIN THE ANOPHELES GAMBIAE
COMPLEX IN THE DEMOCRATIC REPUBLIC OF CONGO

Thierry L. Bobanga', Solange E. Umesumbu?, Alain S. Mandoko?,
Célestin N. Nsibu', Ellen B. Dotson#, Raymond F. Beach?, Seth R.
Irish4

"University of Kinshasa, Kinshasa, Democratic Republic of the Congo,
?National Malaria Control Program, Kinshasa, Democratic Republic of the
Congo, *National Institute of Biomedical Research, Kinshasa, Democratic
Republic of the Congo, “Centers of Disease Control and Prevention,
Atlanta, GA, United States

Anopheles gambiae s.l. is the primary vector of malaria in the Democratic
Republic of Congo, however, there is little data on the species from this
complex present in the country. This paper presents the species collected
(as determined by PCR) between 2004 and 2011 in 16 locations across
the country. The two species from the An. gambiae complex that were
detected were An. coluzzii and An. gambiae s.s. An. gambiae s.s. was
predominant in eastern DRC, whereas An. coluzzii was the main species
found in several locations in Bandundu. The species were also found in
sympatry in several locations (Kinshasa, Kisangani, Lodja). These results
provide a basis for future work, which is needed to accurately describe the
distribution of the An. gambiae complex species in DRC.

MAPPING PAST, PRESENT, AND FUTURE CLIMATIC
SUITABILITY FOR INVASIVE AEDES AEGYPTI AND AE.
ALBOPICTUS IN THE UNITED STATES: A PROCESS-BASED
MODELING APPROACH

Marisa A. Donnelly’, Matteo Marcantonio?, Marcus Neteler?,
Forrest Melton?, Annapaola Rizzoliz, Christopher M. Barker*

"University of California Davis, Davis, CA, United States, ?Fondazione
Edmund Mach, San Michele, Italy, ’NASA, Moffett Field, CA, United States,
“Department of Pathology, Microbiology and Immunology, University of
California Davis, Davis, CA, United States

Rapid changes in the distributions of the mosquitoes, Aedes aegypti and
Ae. albopictus in the continental United States alter the potential for

local transmission of dengue, chikungunya, and Zika viruses. All three
viruses have caused major disease outbreaks in the Americas recently with
infected travelers returning regularly to the U.S. Recent outbreaks of Zika,
dengue, and chikungunya have proven that these diseases are capable

of invading and being transmitted within the ranges of Ae. aegypti and
Ae. albopictus, mostly in warm and tropical regions. The expanding

range of these mosquitoes and discovery of new populations within the
U.S. raises questions about whether recent spread has been enabled by
climate change or other anthropogenic influences. In this analysis, we used
daily average temperatures for the United States to model Ae. aegypti
and Ae. albopictus population growth rates using a stage-structured
matrix population model in order to understand past and present habitat
suitability of these vectors, and to project future habitat suitability under
IPCC climate change scenarios. We applied our model to the continental
U.S. using temperature data on a 4-km grid. Our results indicate that, as
expected, much of the southern U.S. is suitable for both Ae. aegypti and
Ae. albopictus year-round; however, a surprisingly large proportion of the
U.S. in addition to the southern states is suitable for positive population
growth for much of the year. While the amount of suitable habitat in
some regions of the U.S. has contracted within the past 50 years, the
range of suitable habitat for both Ae. aegypti and Ae. albopictus has
expanded in many regions across the country. Additionally, IPCC CMIP5
model projections of future climate change suggest that climate change
will reshape the range of Ae. aegypti and Ae. albopictus in the U.S., and
potentially the risk of the viruses they transmit. Understanding the range
of these mosquitoes should be considered a high priority for public health
officials and vector control agencies.
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ABUNDANCE OF AEDES ALBOPICTUS AND PRESENCE OF
DENGUE VIRUS IN PROXIMITY TO A PINEAPPLE PLANTATION
IN COSTA RICA

Olger Calderon-Arguedas, Eugenia Corrales-Aguilar, Rolando
D. Moreira-Soto, Amanda Vicente-Santos, Diana Rojas-Araya,
Adriana Troyo

Universidad de Costa Rica, San Jose, Costa Rica

The role of Aedes albopictus in the transmission of dengue viruses

(DENV) in the Americas is unknown. Considering that development of
larvae can occur in bromeliads, the aim of this study was to determine

the abundance of Ae. albopictus at three sites in proximity of an organic
pineapple plantation, as well as to evaluate the presence of DENV. For
adult collections, CO, traps were placed for 20-24 hrs in forested areas
and houses adjacent to the plantation, as well as houses >1 km from the
plantation. Pineapple plants were evaluated for mosquito larvae or pupae
(8 clusters of 40 plants), as well as containers in and around 27 houses
adjacent and 29 far from the plantation. Pools of Ae. albopictus were
analyzed by RT-PCR, and DENV serotype was identified by sequencing.
Adult mosquitoes at all sites included mainly Anopheles apicimacula, Culex
coronator, Cx. quinquefasciatus, Cx. nigripalpus, Cx. inflictus, and Ae.
albopictus. Biodiversity index (Shannon-Wiener) was higher in forested
areas (1.39) than in houses adjacent (1.1) or far (0.75) from the plantation.
Cx. nigripalpus and Cx. quinquefasciatus were the most abundant species
in the forested area and houses, respectively. Adult Ae. albopictus were
more common in forested areas and adjacent houses. Only 2 mosquito
larvae were collected from pineapple plants. Ae. albopictus was the most
frequent species in containers from houses; although house (HI) and
container (Cl) indices were higher in houses farther from the plantation
(HI: 51, CI: 49) than those adjacent to it (HI: 41, CI: 29). DENV-2 and
DENV-3 were detected in 2 of 20 pools of Ae. albopictus heads, and
DENV-1 in 2 of 74 pools of larvae. Results suggest that nearby forested
areas, which provide a natural habitat, may be the preferred sites for Ae.
albopictus. However, the abundance and types of breeding sites in these
forested areas is still to be determined. Moreover, results confirm that local
Ae. albopictus harbor DENV, and that horizontal transmission is occurring.
Further investigations will be required to determine the source of DENV
and weather mosquitoes in forested areas are biting humans, monkeys, or
other animals.

FLIGHT APTITUDE OF TETHERED MOSQUITOES AS A
MEASURE FOR LONG DISTANCE MIGRATION BEHAVIOR

Roy Faiman’, Zana L. Sanogo?, Alpha S. Yaro?, Moussa Diallo?,
Djibril Samake?, Ousman Yossi?, Adama Dao?, Margery A.
Sullivan’, Tovi Lehmann’

'National Institutes of Health, Laboratory of Malaria and Vector Research/
National Institute of Allergy and Infectious Diseases, Rockville, MD, United
States, ?International Center for Excellence in Research, Bamako, Mali

Malaria kills over 500,000 people every year in sub-Saharan Africa.
During the dry season in the Sahel, surface water required for larval

sites disappears from this vast region, halting mosquito reproduction
and bringing malaria transmission almost to a standstill. Recent studies
have suggested that both Anopheles gambiae s.s and An. arabiensis
(but not An. coluzzii) persist in this region by migrating from distant
locations, where breeding occurs year round, though direct evidence

for long-distance migrating malaria vectors to date is scant. In many
insects worldwide, windborne long-distance migration occurs seasonally,
facilitating exploitation of renewed resources far beyond their locomotor
capabilities. In this study, our aim was to measure flight behavior in
stationary-tethered, wild mosquitoes, and evaluate if flight intensity
exhibits bimodality, consistent with “weak” and “strong” flying
mosquitoes. Additionally, we evaluated the seasonal variation in flight
behavior and compared it to the expected migration time of each

253

species. Mosquito flight sound was recorded individually over 10 hour
experiments. This assay enables us to characterize flight behavior of
individual mosquitoes controlling for species, sex, and physiologic state.

In the laboratory, this assay revealed the effect of age on flight aptitude.
Preliminary results on data obtained using the assay on wild mosquitoes in
Mali since July 2015 suggest that flight aptitude exhibits a wide variance
among species and over seasons. Flight aptitude was elevated a few weeks
after the first rains, consistent with results obtained using our free-flight
assay (see poster ), and in agreement with season-specific long-distance-
migration. Comprehensive analysis of year-long data will be presented.

THE RELATIONSHIP BETWEEN ENTOMOLOGICAL
INDICATORS OF AEDES AEGYPTI ABUNDANCE AND DENGUE
INFECTION

Elizabeth A. Cromwell’, Steven T. Stoddard?, Chris Barker3,
Steven Meshnick!, William Messer?, Annelies Van Rie®, Amy C.
Morrison?, Thomas W. Scott?

"University of North Carolina Chapel Hill, Chapel Hill, NC, United States,
2San Diego State University Graduate School of Public Health, San Diego,
CA, United States, 3University of California Davis, Davis, CA, United States,
“Oregon Health and Science University, Portland, OR, United States,
*University of Antwerp, Antwerp, Belgium

Routine entomological monitoring is a method to identify individuals at
risk of dengue virus (DENV) infection. Using longitudinal entomological
and serological data from lquitos, Peru, we estimated the six-month risk
of DENV for several Aedes aegypti monitoring indicators to determine
whether Ae. aegypti abundance measures are associated with human
DENV infection. Entomological survey data were linked with 8,157

paired serological observations taken approximately six months apart.
Indicators of Ae. aegypti density were calculated from cross-sectional
entomological data and linked by date to serological observations. Risk
ratios estimating the association between Ae. aegypti abundance at the
household and block levels and the six-month risk of dengue virus (DENV)
seroconversion were obtained using log binomial models in a generalized
estimating equation to control for repeated measures and clustering due
to household membership. Risk ratios estimated using cross-sectional data
were compared to risk ratios estimated from density measures calculated
with entomological data collected up to 12 months prior to the start of
the seroconversion interval. Cross-sectional Ae. aegypti densities (adult
and immature mosquitoes) were not associated with an increased risk of
DENV seroconversion. Larval and pupal measures showed no difference

in risk. Incorporation of up to 12 months of prior entomological data into
density estimates resulted in plausible risk ratio estimates for adult stage
measures at the household and block levels, with adjusted risk ratios
ranging from 1.02 (95% Cl: 1.01,1.02) to 1.39 (95% Cl: 1.17, 1.66),
which was the strongest association with DENV seroconversion. Our results
are likely due to the temporal variability in adult Ae. aegypti measures that
result in areas with low levels of infestation being misclassified as having
no entomological risk.

ADEQUACY OF DIETARY DIVERSITY FOR YOUNG CHILDREN
IN THE DOMINICAN REPUBLIC AS A FUNCTION OF CHILD
AGE AND HOUSEHOLD WEALTH

Gurleen Gill, John D. McLennan
University of Calgary, Calgary, AB, Canada

Dietary diversity is one critical domain indexing the adequacy of children’s
diets. However, research to date has not adequately examined deficits in
dietary diversity by child age despite marked changes in diets and dietary
needs that occur over the first several years of life. Such information may
guide the tailoring of nutrition education by child age. The aim of this
study was to determine t