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THE IMPACT OF AN INTRODUCED HOMING ENDONUCLEASE
GENE ON A REGIONAL MOSQUITO POPULATION

Ace North, Charles Godfray
University of Oxford, Oxford, United Kingdom

Homing endonuclease genes (HEGs) exist naturally in many single-celled
organisms and can show extremely strong genetic drive allowing them to
spread through populations into which they are introduced. They are being
investigated as tools to manipulate the populations of important vectors of
human disease, in particular the mosquitoes that transmit malaria. Before
HEGs can be deployed, it is important to study their spatial spread in order
to design efficient release strategies. We recently analysed an individual-
based simulation model which demonstrated that a HEG which acts to
either male-bias the mosquito sex-ratio or reduce female fecundity could
potentially eliminate local mosquito populations, as reported previously.
Questions remain, however, about how readily this gene-drive mechanism
will spread across larger landscapes comprised of numerous interacting
local mosquito populations. In this talk | present a metapopulation

model which explores how gene-drive, which facilitates the spread of a
HEG, interacts with the local elimination of populations, which curtails
spread. The model predicts that a HEG may persistently reduce the
number of mosquito populations in a region although without causing
global extinction. The load imposed by the HEG increases in a correlated
landscape where mosquito population sites are clumped in space. Since
the HEG effectively acts as a contagious and virulent pathogen on

the mosquito population, the model can be summarised as an ‘SIER’
(Susceptible-Infected-Eliminated-Recolonised) metapopulation model.
Implications of the model to other infectious diseases are discussed.

OPTIMIZING FIELD RELEASES OF ENGINEERED MALE
MOSQUITOES

Peter Winskill', Andrew R. McKemey?, Luke Alphey?, Christl A.
Donnelly’

'Imperial College London, London, United Kingdom, 2Oxitec Ltd, Oxford,
United Kingdom

Control of Aedes spp, the mosquito vectors of the dengue virus, remains
the primary approach in the prevention of dengue. However, there

is a lack of effective tools for controlling the vector, emphasising the
importance of novel techniques. Engineering male mosquitoes that are
functionally genetically sterile and releasing them to compete with wild
males for a female mate is a modern alternative to the traditional sterile
insect technigue (SIT). Successful implementation of this approach in the
field relies on efficacious release methods. One key objective of a sterile
insect release is to obtain a well-balanced distribution of the released
sterile insects at the required density across the targeted treatment

area. Approaches that facilitate operational optimisation of releases are
investigated and applied to a range of theoretical and real field scenarios.
The distribution of sterile male release points in a theoretical arena is
examined, leading to further investigation of the optimal placement of
release points at a field site. For field releases, the primary objective of
maximising the coverage of sterile males competes with secondary, limiting
objectives such as the number of mosquitoes released or the number

of release points that must be visited. Multiple objective particle-swarm
optimisation (MOPSO) techniques are used to investigate the trade-offs
between coverage and the cost of a release using a range of measures.
For large-scale transgenic sterile insect programmes, releases may be
conducted from moving vehicles. MOPSO is combined with an ant-colony
optimisation procedure to estimate the most efficient driven route for
sterile male releases at a field site.

INSIGHT ON OVIPOSITION CHOICE OF ANOPHELES GAMBIAE
SENSU LATO PRESENTS A NEW FRONT FOR VECTOR
CONTROL

Manuela Herrera-Varela’, Jenny Lindh?, Steve Lindsay?, Ulrike
Fillinger*

'International Centre for Insect Physiology and Ecology, Mbita, Kenya,
2Royal Institute of Technology, Stockholm, Sweden, *Durham University,
Durham, United Kingdom, “London School of Hygiene & Tropical
Medicine, London, United Kingdom

The two riskiest parts of a female mosquito’s life are taking a blood meal
and laying her eggs. Whilst there is a considerable body of work that has
demonstrated that Anopheles gambiae is attracted to human subjects

by the volatiles produced by humans, next to nothing is known about
how they locate a breeding site. Here we presented the results of a case-
control study of potential breeding sites to identify the characteristics of
habitats associated with the presence of Anopheles gambiae sensu lato,
the principal African malaria vector. A cross-sectional study of aquatic
habitats with anopheline larvae (cases) and without larvae (controls) was
carried out in Rusinga Island, on Lake Victoria, Kenya. Factors evaluated
include biological characteristics of the sites, zooplankton, invertebrate
fauna, physical parameters, nutrients, bacteria communities and volatile
chemicals released from the water. Characteristics of 120 habitats (74
cases and 46 controls) were analyzed between March and July 2012. Data
were analysed using a random forest model. The presence of early instar
larvae was associated with habitats located within 100 meters of the lake.
Preferred habitats of An. gambiae s.I. were characterised by increasing
content of phosphates, conductivity and turbidity beyond 200 NTU.

Late instar culicines and small crustaceans of the orders Cyclopoida and
Cladocera were also abundant in these sites. Contrary to previous report
invertebrate predators of the orders Odonata, Coleoptera and Heteroptera
were common in anopheline habitats. Volatile chemicals released from the
water headspace were less diverse and released in lower concentration
from cases than from controls. This study demonstrates that Anopheles
gambiae select breeding sites with specific characteristics These factors
can potentially be used to target breeding habitats for larval control or
manipulated to attract and kill gravid females.

HIGH LINKAGE DISEQUILIBRIUM IN ANOPHELES GAMBIAE
FROM KILIFI, KENYA IS CONSISTENT WITH A RECENT
REDUCTION IN POPULATION SIZE

Samantha M. O’Loughlin
Imperial College, London, United Kingdom

We used RADseq to genotype ~6000 SNPs in An. gambiae collected from
Kilifi, Kenya and Muheza Tanzania. Linkage disequilibrium (LD) was higher
but genetic diversity only slightly lower in Kilifi compared with Muheza.
We investigated the relationship between rho (population recombination
parameter) and theta (genetic diversity). In the Kilifi samples the ratio
rho/theta departed from neutral expectations. Simulations showed that

a recent, severe population reduction gives a significant reduction in rho
without an equivalent change in theta. This is consistent with the rho/
theta observed in Kilifi. It has been previously observed that abundance
of An. gambiae has been reduced in the Kilifi district in the last 10-15
years; our results suggest that the population size change can be detected
in the population genomics of the remaining mosquitoes. This result
shows that monitoring linkage disequilibrium in vector populations may
be an effective way of tracking recent changes in population size, due to
mosquito control interventions or climate change.
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UNBIASED CHARACTERIZATION OF ANOPHELES MOSQUITO
BLOODMEALS BY TARGETED HIGH-THROUGHPUT
SEQUENCING OF 16S RRNA GENES

Kyle Logue', John Bosco?, Edward Walker?, Peter Siba®, Peter
Zimmerman', David Serre*

"Case Western Reserve University, Cleveland, OH, United States, “Michigan
State University, East Lansing, M, United States, *Papua New Guinea
Institute of Medical Research, Goroka, Papua New Guinea, “The Cleveland
Clinic, Cleveland, OH, United States

Understanding mosquito blood feeding behavior is important for assessing
vector competence or identifying possible reservoir hosts. To date, there

is no unbiased method of evaluating mammalian host bloodmeals from
mosquitoes and most current molecular assays are designed to test
whether a mosquito fed on a priori selected species. Here, we describe

a targeted high-throughput sequencing method that utilizes a universal
primer pair, which amplifies mammalian mitochondrial 16S ribosomal
genes, to identify host bloodmeals from female mosquitoes. Our assay
enables analyzing 96 mosquitoes simultaneously and, with more than
1,000 sequences generated per mosquito, provides a comprehensive and
quantitative perspective on each blood meal composition. We applied our
approach to 529 blood-fed female Anopheles collected from five villages
in Papua New Guinea. 483 mosquitoes (91%) yielded a successful PCR
product and, after sequencing, showed that these Anopheles mosquitoes
fed almost exclusively on humans, dogs and pigs. Interestingly, 68
mosquitoes (14%) showed clear evidence of having fed on two or more
species. In one village, where similar number of mosquitoes were collected
on both sides of an erected barrier screen, we observed that mosquitoes
fed more often on humans on the village versus the bush side of the

net (p=0.001). Our analyses also showed that An. farauti s.s . fed more
often on humans in the village of Matukar than in Mirap (p=8.7¢-9),
revealing potential behavioral differences between these populations.
Overall, our study shows that this assay enables us to objectively identify
host bloodmeals from female Anopheles mosquitoes and to discover
feeding behavior differences. This approach is generalizable to any

insects that feed on mammalian blood and can be applied to improve our
understanding of a wide variety of infectious diseases.

SOUTH AUSTRALIA'S FIRST LARGE SCALE ARBOVIRUS
SURVEY: SPATIAL ANALYSIS OF SENSITIVE FTA® CARD
METHOD

Emily Johnston', Cheryl Toi?, Philip Weinstein', Stephen
Doggett?, Craig Williams'

"University of South Australia, Adelaide, Australia, ?Westmead Hospital,
Westmead, Australia

Every year in Australia, over 6000 people become infected with a
mosquito-borne virus (arbovirus) including Ross River virus (RRV) and
Barmah Forest virus (BFV), among others. The most prevalent of these
viruses is RRV which causes prolonged symptoms of fatigue, muscle
soreness and polyarthritic joint pain and costs Australians tens of millions
annually in diagnosis, prevention and treatment. Approximately 250
cases of human infection are reported every year in the state of South
Australia. Until recently, the methods for conducting arbovirus surveillance
made large scale surveys logistically and economically difficult. A
modern development has capitalized on the nectar-feeding behaviour of
mosquitoes to collect abroviruses on nucleic acid-preserving cards (FTA®
cards), thus streamlining the virus surveillance process. We adapted this
technique to an existing mosquito surveillance program and conducted
the first ever large-scale arbovirus survey in South Australia. During two
months of the peak virus season (January/February 2014), we set CO2-
baited EVS light traps at 100 locations around South Australia with a
honey-baited FTA® card inside. After collection, mosquitoes were kept in
a humid environment and given one week to feed on the honey-soaked

card. Cards were then tested for arboviruses using a nested PCR. We made
23 virus detections from around South Australia including 14 of RRV, 6 of
BFV and 3 of Stratford virus (not previously reported from South Australia).
This level of detection suggests that our low-budget method is highly
sensitive at detecting infectious mosquitoes. In this presentation, we report
on our methods, the resulting detections (including pending results from
March) and the mosquitoes associated with the detections. We also will
present a spatial analysis of how these detections correlate with human
case data from the last 20 years and explore the implications of our
method and findings.

IDENTIFICATION OF PROXIMATE INDICATORS OF MALE
MATING PERFORMANCE IN ANOPHELES GAMBIAE

Rosemary S. Lees', Mark Q. Benedict?

'Polo d’Innovazione Genomica, Genetica e Biologia S.C.a.R.L., Perugia,
Italy, °Department of Experimental Medicine, Perugia, Italy

Releases of male mosquitoes for population control or replacement
strategies rely on those males successfully mating with wild females, in
competition with wild male counterparts. Currently performance of strains
is tested in competition assays, in laboratory cages then in increasingly
large and complex mating arenas. The extent to which these results reflect
how well a strain will perform in the field is unclear. A quick, small-scale
assay to predict which strains will fail to meet the required standard to
compete with wild males would save time and cost in this lengthy process.
I have optimised a method to measure the mating performance of single
male Anopheles gambiae, allowing the characteristics of more and less
successful males to be compared on an individual basis. Cohorts of males
were were reared, selected or categorized according to characteristics
thought to be important for the mating success or competitiveness of
male mosquitoes, for example longevity or size. The relative performance
of phenotypically distinct males was measured, and these correlations
validated in competition assays on a larger scale, in an attempt to identify
those male characteristics that are most predictive of male performance. |
have also addressed through competition assays the question of whether
assortative mating occurs based on, for example, adult size. If evidence
for this is seen it would indicate that an understanding of the wild female
population and the production of compatible males would give an
advantage over the current strategy of simply producing the largest and
nutritionally best prepared release cohort possible under mass rearing
conditions.

CHIKUNGUNYA INCIDENCE AND CORRELATION WITH
PROTECTION IN A PROSPECTIVE LONGITUDINAL COHORT IN
THE PHILIPPINES

In-Kyu Yoon', Maria T. Alera', Stefan Fernandez', Jens
Levy', Catherine Lago', Butsaya Thaisomboonsuk’, Chonticha
Klungthong', Ananda Nisalak', Louis Macareo', Anon
Srikiatkhachorn?

'Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand,
2University of Massachusetts Medical School, Worcester, MA, United States

Chikungunya is a re-emerging arboviral disease that has caused increasing
epidemics and recently appeared for the first time in the Americas.
However, the true incidence and clinical spectrum of chikungunya virus
(CHIKV) infection have not been well established. In addition, although
CHIKV antibodies have been suggested as being protective, no correlation
with protection has been demonstrated in humans. In March 2012, we
initiated a longitudinal prospective cohort of approximately 1000 subjects
aged =6 months in Cebu, Philippines, which underwent community-based
active surveillance for febrile episodes. Acute and 3-week convalescent
blood samples were obtained and tested by CHIKV RT-PCR and CHIKV
hemagglutination inhibition assay (HAI). Enrollment and 12-month

follow up samples were tested by CHIKV HAI to identify subclinical
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seroconversion. During one year of surveillance, the annual incidence of
total and symptomatic CHIKV infection in the cohort was approximately
8% and 2%, respectively. The total and symptomatic incidence in the 6
month-5 year old age group was 7% and 3%; 6-15 years was 8% and
4%; 16-30 years was 9% and 1%; 31-50 years was 9% and 1.5%; >50
years was 5% and 0.5%. The total and symptomatic incidence among 672
subjects with negative CHIKV HAI titer (<10) at enrollment was 9% and
2.5%; and among 181 subjects with positive CHIKV HAI titer (>10) was
0.5% and 0%. Subjects with negative CHIKV HAI at enrollment were more
likely than those with positive HAI to have CHIKV infection (Fisher's exact,
p=0.0001) and symptomatic CHIKV infection (Fisher's exact, p=0.019). Our
results demonstrate that CHIKV infection is a common endemic infection
across all age groups in the Philippines, but a greater proportion of those
<15 years old are symptomatic. CHIKV HAI titer >10 is correlated with
protection against both symptomatic and subclinical CHIKV infection.

Our findings have important implications for assessment of CHIKV

disease burden, understanding of virus transmission, and development of
candidate vaccines.

HIGH RATES OF O'NYONG NYONG AND CHIKUNGUNYA
VIRUS TRANSMISSION IN COASTAL KENYA

A. Desiree LaBeaud', Tamara Banda’, Francis Mutuku?, Julie
Brichard', Peter Mungai®, Sarah Pfeil', Erin M. Borland*, Ann
Powers?, Ginny Gildengorin', Crystal Teng', Eric Muchiri®, Kristin
Long®, Mark Heise®, Uriel Kitron®, Charles King’

'Children’s Hospital Oakland Research Institute, Oakland, CA, United
States, ?Technical University of Mombasa, Mombasa, Kenya, *Division

of Vector Borne and Neglected Tropical Diseases, Msambweni, Kenya,
“Centers for Disease Control and Prevention, Division of Vector-Borne
Diseases, Fort Collins, CO, United States, *University of North Carolina,
Chapel Hill, NC, United States, °Emory University, Atlanta, GA, United
States, “Case Western Reserve University, Cleveland, OH, United States
Chikungunya virus (CHIKV) and o’nyong nyong virus (ONNV) are
mosquito-borne alphaviruses endemic in Kenya that cause acute

febrile illness and arthritis. The objective of this study was to measure

the seroprevalence of CHIKV and ONNV in coastal Kenya and link it

to demographics and other risk factors. Demographic and exposure
questionnaires were administered to 1,862 participants recruited from
two village clusters (Milalani-Nganja and Vuga) in 2009. Sera were tested
for alphavirus exposure using standardized CHIKV IgG ELISA protocols
and confirmed with plaque reduction neutralization tests (PRNT). Logistic
regression models were used to determine the variables associated with
seropositivity. G statistic and kernel density mapping were used to identify
locations of high seroprevalence. Weighted K test for global clustering of
houses with alphavirus positive participants was performed for distance
ranges of 50-1,000 meters. 486 (26%) participants were seropositive (1-79
years, mean 27 years). Of 443 PRNT confirmed positives, 24 samples (5%)
were CHIKV, 246 samples (56%) were ONNV, and 173 samples (39%) had
equally high PRNT titers for both CHIKV and ONNV. Age was significantly
associated with seropositivity (OR 1.01 per year, 95% C.I. 1.00-1.01).
Males were less likely to be seropositive (p<0.05; OR 0.79, 95% C.I. 0.64-
0.97). Adults who owned a bicycle (p<0.05; OR 1.37, 95% C.I. 1.00-1.85)
or motor vehicle (p<0.05; OR 4.64, 95% C.I. 1.19-18.05) were more likely
to be seropositive. Spatial analysis demonstrated hotspots of transmission
within each village and clustering among local households in Milalani-
Nganja, peaking at the 200-500m range. Alphavirus exposure is common
in coastal Kenya with ongoing interepidemic transmission of both ONNV
and CHIKV. Women, adults and those with higher socioeconomic status
were more likely to be seropositive. Household may be one of the defining
locations for the ecology of alphaviral transmission in this region, given
our spatial analysis results and the fact that anophelines transmit ONNV.
Human disease caused by ONNV and CHIKV in this region is being missed
in clinical settings.

DETERMINANTS OF CHIKUNGUNYA EMERGENCE POTENTIAL
IN SOUTH FLORIDA

Rebecca C. Christofferson’, Helen J. Wearing?, Christopher N.
Mores'

"Louisiana State University, Baton Rouge, LA, United States, 2University of
New Mexico, Albuquerque, NM, United States

Arbovirus transmission is dependent on the transmission efficiency
between infectious and susceptible hosts. Heterogeneity of virus
acquisition from a viremic human to a susceptible mosquito is often
assumed to be nearly perfect and almost always uniform across the
infectious period. Chikungunya transmission models often do not account
for the variation in infectiousness of a single individual, and subsequent
infection of naive mosquitoes. Understanding the contribution of

human infectious heterogeneity is especially important in the context

of introduction events where an infected individual carries the virus

into a population(s) of competent vectors. We construct a stochastic,
compartmental model to describe the heterogeneity of human viremia and
calculate the probability of a successful introduction, taking into account
the viremia level (and thus acquisition potential) of the index case on, and
after, the day of introduction into a susceptible population. We inform our
model based on the experience of dengue emergence in South Florida,
2009-2013. We further account for viral genotype and predominant
vector (Ae. aegypti versus Ae. albopictus) by altering the transmission
efficiency rate between the human and specific mosquito populations

by exploring 1) differential vector competence between genotypes of
chikungunya and 2) differential contact rates within and between the

two mosquito populations. We find that the infectivity of the index case
as well as the parameters affecting transmission efficiency affected the
probability of emergence, but that the effects among these parameters
were not equal. To predict the likelihood and magnitude of a potential
chikungunya outbreak in the United States, it is critical to understand the
interplay between individual human heterogeneity of infectiousness and
the transmission efficiency of the virus and vector populations.

PRECLINICAL EVALUATION OF A LIVE ATTENUATED
CHIKUNGUNYA VACCINE

Jill A. Livengood’, Charalambos D. Partidos?, Haiyan Chu?,
Subash Das?, Chad Roy?, Laszlo Varga', Dan T. Stinchcomb’, Jorge
E. Osorio?, Scott C. Weaver*

"Takeda, Fort Collins, CO, United States, *Takeda, Madison, WI, United
States, 3Tulane, Covington, LA, United States, “University of Texas Medical
Branch, Galveston, TX, United States

Recently, Chikungunya virus (CHIKV) has re-emerged to cause major
epidemics in the Indian Ocean, India and Southeast Asia, infecting millions.
Autochthonous transmission in Italy and France after CHIKV introductions
via travellers and the recent outbreak in the Caribbean highlight the
threat of wide spread chikungunya transmission. We used a molecular
attenuation approach, inserting a picornavirus internal ribosome entry site
(IRES) to replace the subgenomic promoter, to generate a live attenuated
vaccine strain (CHIKV/IRES). The CHIKV/IRES vaccine provides robust
immunity and protection in murine models, and is incapable of infecting
mosquito vectors, an important safety feature for use in nonendemic
locations. The CHIK vaccine elicited a robust memory CD4* and CD8*

T cell response. However, adoptively transferred immune T cells did not
protect against wtCHIKV-LR challenge. In contrast, passive immunization
with anti-CHIKV/IRES immune serum provided protection, and a correlate
of a minimum protective neutralizing antibody titer was established.
Vaccination of cynomolgus macaques with a single dose produced no
signs of disease but was highly immunogenic. After challenge with wild-
type CHIKV, the vaccine prevented the development of detectable viremia
and signs of clinical CHIKV disease. We also have established processes
and assays for high-titer manufacture at a large scale. The CHIKV/IRES
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vaccine candidate is safe, immunogenic and efficacious in multiple animal
models, supporting its potential as a human vaccine to protect against
CHIKV infection and reduce transmission and further spread. Current pre-
clinical development efforts are aiming to complete the Investigational
New Drug (IND)-enabling studies necessary to begin human clinical testing.

CLINICAL RESULTS OF NOVEL CHIKUNGUNYA VACCINE
TESTED IN PHASE 1/2 TRIAL: NEUTRALIZING ANTIBODIES
AND ANTI-VECTOR IMMUNITY

Katrin Ramsauer’, Philippe Despres?, Christa Firbas®, Matthias
Mudliner’, Frederic Tangy?, Erich Tauber'

"Themis Bioscience GmbH, Vienna, Austria, “Institute Pasteur, Paris, France,
*Medical University of Vienna, Vienna, Austria

We show here a first in man phase - 1/2 clinical trial to demonstrate

the immunogenicity, safety and tolerability of a novel chikungunya virus
vaccine. Chikungunya Virus is an emerging mosquito borne virus that
causes a severe polyarthritis in humans. The virus is endemic in nearly 40
countries in Asia, Africa, Europe, and recently also in the Americas posing
a major threat to public health. So far there is no vaccine approved for
human use that prevents the disease. Nucleotide sequences encoding the
Chikungunya virus capsid and envelope structural proteins were inserted
into the Schwarz vaccine strain of measles virus to produce the candidate
vaccine MV-CHIK. To evaluate the optimal dose of MV-CHIK in regard to
immunogenicity, safety and tolerability we performed an observer blinded,
block-randomized, active and placebo-controlled, dose escalation, phase

1 trial in 42 healthy volunteer subjects. All subjects received three i.m.
injections (days 0, 28, 90), the first injection was a vaccine. Subjects were
block-randomized to MV-CHIK or to the control-vaccine Priorix® (MV-CHIK:
n=12, Priorix: n=2/ Cohort). All volunteers were additionally randomized
to one of two treatment sequences, vaccination in day 0 and 28 or 0 and
90. The Immunogenicity on day 28 after vaccination was confirmed by the
presence of functional antibodies as determined by the plaque reduction
neutralization test (PRNT50). Preliminary findings point at excellent safety
and immunogenicity profile in all three doses tested. Data are currently
under final evaluation and auditing, and will be presented here for the first
time.

A MULTIAGENT ENCEPHALITIC ALPHAVIRUS DNA VACCINE
DELIVERED BY ELECTROPORATION ELICITS PROTECTIVE
IMMUNITY AGAINST AEROSOL CHALLENGE WITH EASTERN
AND WESTERN EQUINE ENCEPHALITIS VIRUSES IN
NONHUMAN PRIMATES

Lesley C. Dupuy’, Callie E. Bounds', Michelle J. Richards', Drew
Hannaman?, Connie S. Schmaljohn'

"U.S. Army Medlical Research Institute of Infectious Diseases, Fort Detrick,
MD, United States, ?Ichor Medical Systems, San Diego, CA, United States

Next-generation vaccines that can safely and effectively protect against
Venezuelan, eastern, and western equine encephalitis virus (VEEV, EEEV,
and WEEV) are needed. Previously, we demonstrated that monovalent

or a trivalent combination of DNA plasmids expressing codon-optimized
envelope glycoprotein genes of VEEV, EEEV, or WEEV delivered by
intramuscular (IM) electroporation (EP) elicited high levels of virus-
neutralizing antibodies in multiple animal species and provided protective
immunity against lethal aerosol homologous viral challenge in mice.
Currently, we have completed studies to further assess the monovalent
and trivalent DNA vaccines delivered by IM EP in nonhuman primate
(NHP) models of aerosol EEEV and WEEV challenge. Although some
neurological signs of disease were observed after aerosol EEEV challenge
in three of four NHPs that received the monovalent EEEV DNA vaccine,
these were of lesser severity than those observed in the negative control
animals and all survived. Interestingly, no significant clinical signs of disease
were observed after challenge in the NHPs that received the trivalent

DNA vaccine. While one of four NHPs that received the monovalent
WEEV DNA vaccine displayed clinical signs of disease similar to those
observed in the majority of the negative control animals after aerosol
WEEV challenge, the remaining animals from this group only displayed
mild clinical manifestations. Similar to results observed for the EEEV NHP
challenge study, no significant clinical signs of disease were observed in
any of the NHPs that received the trivalent DNA vaccine. We are currently
investigating the apparent synergistic protective effect achieved with the
trivalent DNA vaccine in further detail. Taken together, the results of our
current studies further demonstrate that IM EP delivery of a multiagent
formulation of VEEV, EEEV, and WEEV DNA vaccines represents a potent
means of protecting against aerosolized encephalitic alphavirus infections
and support its continued development into a mature vaccine candidate
suitable for future clinical testing.

A MURINE MODEL FOR ACUTE AND CHRONIC, FLARING
CHIKUNGUNYA VIRUS-INDUCED DISEASE

Christina L. Gardner, Chenggun Sun, Matthew B. Rogers,
Hangi Tang, Derek W. Trobaugh, Alan M. Watson, Elodie Ghedin,
William B. Klimstra, Kate D. Ryman

University of Pittsburgh, Pittsburgh, PA, United States

Chikungunya virus (CHIKV) has gained notoriety in recent years with the
explosive pandemic outbreak that has afflicted of over six million people in
Africa, Indian Ocean, Asia, southern Europe, and recently the Caribbean
and South American mainland. CHIKV is a mosquito-borne, enveloped,
single-stranded, positive-sense RNA virus that causes fever, rash, and
chronic polyarthralgia/polyarthritis in humans, often accompanied by
incapacitating joint and muscle pain that can last anywhere from weeks to
years. Currently there are no licensed vaccines or antiviral therapies against
CHIKV. The development of a murine model that mimics both the acute
and chronic, flaring phases of disease is critical to our understanding of
this disease but has proven difficult. Current murine models mimic features
of the acute phase but overt chronic disease has not been observed. To
improve the model, we adapted to mice a wild-type strain of CHIKV by

in vivo passage in musculoskeletal tissue. During the acute disease, the
mouse-adapted strain of CHIKV causes swelling of both the inoculated
and opposite footpad, which does not occur with the wild-type CHIKV in
immunocompetent mice. Furthermore, mouse-adapted CHIKV induced
chronic disease in the mice with flaring of musculoskeletal disease and
swelling around three weeks post infection with chronic swelling lasting
for months. Preliminary data indicate that markers of human chronic
CHIKV disease are also present in our model (e.g. CCL2 and CXCL8).
Recent identification of a single nucleotide change that confers this
phenotype suggests possible mechanisms by which chronic disease may
arise which are currently being investigated. Importantly, this model will
also aid in the testing of candidate vaccines and antiviral therapeutics
targeting long-term sequelae of CHIKV infection.

A MOUSE MODEL OF HIV AND CEREBRAL MALARIA CO-
INFECTION

Sarah Hochman, Harris Goldstein, Sunhee Lee, Kami Kim
Albert Einstein College of Medicine, Bronx, NY, United States

Experimental cerebral malaria (ECM) models are controversial because
leukocytes and platelets accumulate in rodent brain vasculature, but
sequestration of parasitized red blood cells as described in human
cerebral malaria (CM) has been inconsistently observed. We have found
that HIV is a risk factor for pediatric CM and that intravascular platelets
and monocytes are prominent in the brains of children with fatal CM.
We revisited the ECM model to study co-infection, infecting mice
transgenic for a HIV-1 provirus and for the human cyclin T1 promoter
with Plasmodium berghei ANKA. 56 mice (31 transgenic “HIVJR-CSF”,
25 littermate controls) age 6 weeks-4 months were infected IV with 105
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P berghei ANKA. Mice were assessed for development of CM daily using
a standard behavioral scale and were sacrificed when severely impaired.
Mice that did not develop CM were sacrificed when they became less
active and severely anemic. Brains were harvested for histopathologic
analysis. All mice developed peripheral parasitemia. During early infection
HIVJR-CSF mice had higher mean parasitemia than controls (0.79% vs.
0.32% on day 4 post-infection, p=0.014), but there was no difference by
day 7 when signs of CM develop. HIV viral load increased during malaria
infection, from 80,000 copies/ml at baseline to 1.7 million copies/ml on
day 7 (p=0.05). Evaluation of H&E stained sections on a subset of mice
with CM found that all control mice and only 41% of HIVJR-CSF mice had
>2 microhemorrhages/100 high power fields while 33% of HIVJR-CSF
mice had no visible hemorrhages, similar to pathology patterns noted

in our pediatric CM studies. Quantification of intravascular platelets and
monocytes is ongoing. While there was no difference in incidence of

CM (68% for HIVIR-CSF mice and 52% for controls, p=0.23) in young
mice, older adult HIV transgenic mice continued to develop CM, unlike
age-matched littermates. The mouse model may be a powerful tool to
understand the pathophysiology of pediatric CM and HIV co-infection.

CD47 MEDIATED PARASITE CLEARANCE IN PLASMODIUM
YOELII MALARIA

Rajdeep Banerjee', Sanjay Khandelwal?, Yukiko Kozakai', Sanjai
Kumar!

'Food and Drug Administration, Kensington, MD, United States, °Duke
University, Durham, NC, United States

Many Plasmodium species, including a few human malarias that cause

a relatively less severe infection have a strong preference to invade and
grow inside young red blood cells (RBC). We utilized the murine GFP-
Plasmodium yoelii 17XNL, which predominantly invades young RBC, to
identify the host factors responsible for the preferential RBC infection
and a possible mechanism for the potential cellular advantage for this
preferential infection. CD47 or Integrin Associated Protein is a marker

of self on most cells including RBC that, in conjugation with its receptor
SIRP-a, prevents the phagocytosis of RBC. By injections of biotin in
C57BI/6 mice, we were able to differentiate between the young and old
RBC by flowcytometry. On day 9 post infection (PI) with GFP-PyNL, young
RBC had significantly higher parasitemia than old RBC (young RBC 45.1

+ 11.8 vs. old RBC 1.05 = 0.8, p<0.001) and old RBC, young RBC had
significantly higher CD47 (mean fluorescence intensity, young RBC 2373
+ 139 and old RBC 1156 + 24, p<0.001). Importantly, infected RBC had
higher CD47 levels than non-infected RBC throughout the course of
GFP-PyNL infection and higher CD47 levels on RBC also associated with
the higher parasitemia. C57BIl/6 CD47/ mice resolved their infection

at an accelerated rate (wt on 17 Pl vs. CD477 on 15 Pl) and developed
significantly lower parasite burden (day 9, 2.3 + 0.7 % vs. 26.48 + 3.9
%, p<0.001). FACS analysis revealed a higher percentage of splenic F4/80
population in CD47/- mice (day 7, 4.2 £ 0.4% CD47" vs. 2.3 £ 0.9 % wt
, p< 0.05) that also had a higher percentage of phagocytized infected RBC
(13.6 £ 1.7 % CD47-/- vs. 3.7 £0.7 % wt, p<0.01). Furthermore, Injection
of CD47 neutralizing antibody caused a significantly reduction in parasite
burden in wt C57BI/6 mice. Together, these results strongly suggest

that CD47 is important for parasite growth and survival and, through

the mechanism of lower phagocytic clearance of infected RBC, may be
mediator of immune escape to avoid the splenic clearance of infected
RBC.

PLASMODIUM SPOROZOITES DIRECTLY TARGET
HEPATOCYTE EPHA2 RECEPTOR FOR SUCCESSFUL HOST
INFECTION

Alexis Kaushansky, Nadia Arang, Alyse Douglass, Heather Kain,
Vladimir Vigdorovich, Laura Austin, D. Noah Sather, Stefan H.
Kappe

Seattle Biomedical Research Institute, Seattle, WA, United States

After mosquito transmission, selection of a suitable host hepatocyte

to support the intracellular liver stage malaria parasite is an essential

early step in infection. Yet, the molecular recognition conduits by which
invasive Plasmodium sporozoites select a suitable target cell remain largely
unknown. Here, we show that sporozoites engage the hepatocyte EphA2
receptor for infection, preferring EphA2"s" hepatocytes as their hosts. This
is mediated by a direct interaction between the parasite ligand P52 and
EphA2, which occurs at the point of invasion and is critical to establish

a permissive intracellular replication niche. When EphA2 is deleted, liver
stage infection is dramatically reduced in a mouse model of malaria.
Deletion of P52 in the parasite mirrors this host phenotype resulting in the
loss of selectivity for hepatocytes that express high levels of EphA2 and
are permissive to productive parasite development. Taken together, the
data provide mechanistic insights into host cell selection at the point of
infection.

GLUCOSE STARVATION REVEALS EVIDENCE OF A NOVEL
FATTY ACID OXIDATION PATHWAY IN PLASMODIUM
FALCIPARUM

Allison Demas’, Selina Bopp', Pamela Magistrado’, Sarah
Volkman', Ulf Ribacke?, Dyann F. Wirth'

'Harvard School of Public Health, Boston, MA, United States, ?Uppsala
University, Uppsala, Sweden

Plasmodium falciparum has finely tuned metabolic pathways to support
growth in the various nutrient environments of its complex lifecycle.
Despite its metabolic importance, relatively little is known about fatty acid
(FA) metabolism in Plasmodium. Using *H hypoxanthine incorporation
assays and SYBR Green-based FACS, we show reduced growth of 3D7

in limited FA media, and titrating glucose and glutamine to 40-45%

of normal levels causes additional growth restriction. Knockdown of
members of the acyl CoA synthetase (ACS) gene family further reduces
growth in restricted glucose and FAs, an intriguing finding, as the ACS
enzymes are known to mediate FA scavenging and activation. This
observation prompted us to investigate a metabolic link between the
exogenous FA substrates of ACSs and carbon sources used to generate
ATP in the parasite. We determined that glucose-deprived parasites exhibit
FA oxidation, as measured by release of *H,0 from parasites grown in

3H labeled FAs. Following two cycles of glucose restriction, there was an
18-24 fold increase in FA oxidation as compared to uninfected red blood
cells. Parasites grown in the standard glucose concentration of RPMI1640
did not exhibit FA oxidation, suggesting that typical in vitro culture
conditions mask this metabolic phenomenon. To our knowledge, this is
the first reported experimental evidence for FA oxidation in Plasmodium.
The canonical FA oxidation enzymes are not annotated in P falciparum,
though the pathway is believed to be present in Toxoplasma gondii. Our
data suggests that glucose restriction redirects FAs into a beta-oxidation
pathway to generate ATP. Furthermore, this important role for exogenous
FAs offers a potential explanation for the previously reported expansion
and positive selection of the ACS gene family in P falciparum. Ongoing
experiments will reveal the physiological importance of this catabolic
pathway and shift in energy metabolism. Additional characterization of
the molecular mechanisms may reveal novel targets for development of
antimalarials.
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GENOMIC ASSESSMENT OF PLASMODIUM FALCIPARUM
POPULATION STRUCTURE AND DIVERSITY DURING AN
ENHANCED MALARIA CONTROL PROGRAM IN WESTERN
KENYA

Harold Ocholla’, Simon Kariuki', Feiko ter Kuile', Sarah K.
Volkman?

'KEMRI/Centers for Disease Control and Prevention, Kisumu, Kenya,
2Havard School of Public Health, Boston, MA, United States

Malaria Control and Elimination Partnership in Africa is working toward
aggressive malaria transmission reduction in Siaya County (western Kenya).
The application of population genetic approaches to understand and
estimate transmission dynamics in the context of malaria elimination in
this setting will be crucial. To monitor changes in Plasmodium falciparum
population structure in this population, we are applying estimates of
parasite genetic diversity and relatedness, and assessing key biomarkers,
such as those related to drug resistance that may impact efforts to reduce
the malaria burden toward eradication. Additionally, we aim to provide a
genetic map of parasite movement between Siaya County, and other parts
of Kenya (e.g., Nairobi and central regions) and eastern Uganda where
substantial movement of parasites have been spatially quantified through
population movement studies.

SUSCEPTIBILITY WEIGHTED IMAGING IN PEDIATRIC
CEREBRAL MALARIA AT 1.5T

Samuel Kampondeni', Gretchen L. Birbeck?, Danny Milner?,
Mark Haacke?, S. Sinyangwe®, M. Mwenechanya®, Karl Seydel®, E.
Zeli’, Colleen Hammond®, D. Utrianen®, Terrie E. Taylor®, Michael J.
Potchen?

'Queen Elizabeth Central Hospital, University of Malawi, Malawi,
2University of Rochester, Rochester, NY, United States, Harvard Medical
School, Boston, MA, United States, *Wayne State University, Detroit, M,
United States, *University Teaching Hospital, Lusaka, Zambia, *Michigan
State University, East Lansing, M, United States, “Cancer Disease Hospital,
Lusaka, Zambia, *Magnetic Resonance Innovations, Detroit, Ml, United
States

The pathogenesis of Pediatric Cerebral Malaria (PCM), a leading killer of
children in sub-Saharan Africa, is unknown. The pathological hallmark

of the disease is sequestration of parasitized red blood cells in brain
microcirculation. Intravascular hemozoin, a ferromagnetic breakdown
product of hemoglobin metabolism and microhemorrhages in various
structures, including the white matter and grey-white junction, have been
reported. We imaged Zambian children with cerebral malaria on a 1.5T
magnet to investigate the distribution of iron breakdown products from
hemoglobin metabolism and BBB breakdown. Twelve children with strictly
defined PCM (peripheral blood slide positive and retinopathy positive) were
scanned at 1.5T. Eleven received intravenous gadolinium enhancement.
SWI (susceptibility weighted imaging), T2, T1 pre and post, DWI with
ADC and FLAIR imaging sequences were obtained. The children had mild
PCM: none died and none had severe brain swelling. Normal intravascular
gadolinium enhancement was noted but there was no parenchymal
enhancement to suggest BBB breakdown. SWI imaging confirmed the
present of a ferromagnetic substance in distributions similar to those of
parasite sequestration and hemozoin seen at autopsy. A ferromagnetic
substance, possibly hemozoin, the metabolic end product of hemoglobin
digestion, was identified. Additional studies using R2* and SWI will assist
in quantifying hemozoin, and parasite sequestration distribution in vivo.
In this small population of non-fatal PCM cases, extravasation of contrast
indicative of BBB breakdown was not evident using 1.5T MRI. Additional
evaluations with dynamic enhancement techniques are warranted to
further assess the integrity of the BBB, as this has relevance to adjuvant
treatment strategies.

SEVERE AND CEREBRAL MALARIA IN CHILDREN LEADS TO A
SIGNIFICANT IMPAIRMENT OF TRANSITORY OTOACOUSTIC
EMISSIONS - A MULTICENTER PROSPECTIVE STUDY

Joachim Schmutzhard', Peter Lackner', Raimund Helbok?,
Helene Verena Hurth', Fabian Cedric Aregger', Veronika Muigg’,
Josua Kegele!, Sebastian Bunk', Lukas Oberhammer’, Natalie
Fischer!, Leyla Pinggera', Allan Otieno?, Charles Newton?3, Tsiri
Agbenyega*, Akim Adegnika®, Patrick Zorowka', Carsten Kohler®,
Sanjeev Krishna’, Benjamin Mordmuller®, Erich Schmutzhard',
Peter Kremsner®

'Medlcal University Innsbruck, Innsbruck, Austria, °’Kenya Medical Research
Institute, Kisumu, Kenya, >Centre for Geographic Medicine (Coast) Kenya
Medical Research Institute, Kilifi, Kenya, “School of Medical Sciences at the
University of Science and Technology, Kumasi, Ghana, *Medical Research
Unit, Albert Schweitzer Hospital (MRUG), Lambarene, Gabon, °Eberhard
Karls Universitat Tubingen, Tibingen, Germany, ’St. George’s University of
London, London, United Kingdom

Lately, severe and especially cerebral malaria have been suspected to
influence the inner ear function. Cerebral malaria has been associated
with hearing loss in 9 of 23 patients, as reported previously. However,
prospective studies evaluating the inner ear function in severe and cerebral
malaria are missing. An objective way to quickly evaluate the inner ear
function is to measure otoacoustic emissions - a technique which is

used worldwide to screen newborns for potential hearing impairment.
This prospective multicenter study analyses the function of the inner ear

in patients with severe and cerebral malaria up to the age of 10 years.

In three study sites (Ghana, Gabon, Kenya) 144 patients with severe

and cerebral malaria and 108 age-matched local control children were
included. All patients were treated with artemisinin combination therapies.
Of the severe malaria patients 42 % failed the initial otoacoustic emissions
testing at the baseline measurement, i.e. prior to therapy, on day 28 only
27.1%. The cerebral malaria group showed a comparable number of
failures with 38 % at the baseline. In contrast to the severe malaria the
number of fails increased up to 66 % at day 7 after diagnosis. A slight
improvement to 55% fails could be noted on day 28. Negative transient
otoacoustic emissions are associated with a threshold shift of 20 dB and
above. The present data shows a pathologic involvement of the inner

ear in severe and cerebral malaria of around 40% prior to the initiation

of schizontocidal therapy, a figure which improves in severe malaria but
deteriorates over the next weeks in cerebral malaria. Therefore, especially
in children with cerebral malaria, hearing screening and post-malaria
audiologic work up has to be recommended after severe malaria infection.

ARTESUNATE-MEFLOQUINE VERSUS CHLOROQUINE IN
PATIENTS WITH ACUTE UNCOMPLICATED PLASMODIUM
KNOWLESI MALARIA: AN OPEN-LABEL RANDOMIZED
CONTROLLED TRIAL IN SABAH, MALAYSIA (ACT KNOW
TRIAL)

Matthew J. Grigg', Timothy William', Jayaram Menon', Bridget
E. Barber?, Prabakaran Dhanaraj?, Giri S. Rajahram', Lorenz von
Seidlein?, Ric N. Price?, Nicholas M. Anstey?, Tsin W. Yeo?

'Queen Elizabeth Hospital, Kota Kinabalu, Sabah, Malaysia, ?Menzies
School of Health Research, Darwin, NT, Australia, *’Kudat District Hospital,
Kudat, Sabah, Malaysia

Plasmodium knowlesi is the most common cause of malaria in Malaysia,
and has been reported throughout South-East Asia. There are no
recommendations in the current 2010 WHO malaria treatment guidelines
for the optimal treatment of uncomplicated knowlesi malaria, which
replicates every 24 hours and has the potential to cause severe disease
and death. P knowlesi is commonly microscopically misreported as other
Plasmodium species, including P falciparum and P, vivax, a high proportion
of which are chloroguine-resistant in Malaysia. Artemisinin combination
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therapies (ACT) and chloroquine have each been used to successfully treat
P knowlesi malaria in the past, however a unified ACT treatment protocol
would support effective blood stage malaria treatment for all Plasmodium
species. Malaysia’s national policy for malaria pre-elimination involves
mandatory admission for all patients with confirmed malaria, therefore a
more rapidly acting anti-malarial agent also has health cost benefits. ACT
KNOW, the first RCT ever performed in knowlesi malaria, is a 2-arm open
label trial with enrolments over a 2-year period at 3 district sites in north-
western Sabah, powered to show a difference in proportion of patients
negative for malaria by microscopy at 24 hours between the treatment
arms (clinicaltrials.gov #NCT01708876). Enrolments commenced in
December 2012 and are expected to be completed by September 2014.
As at March 2014 a total of 153 patients meeting inclusion criteria have
been enrolled, with a total sample size of 228 required to give 90%
power (alpha 0.05) to determine the primary endpoint using intention-to-
treat analysis. Secondary endpoints include parasite clearance time, rates
of recurrent infection/treatment failure to day 42, gametocyte carriage
throughout follow-up, and rates of anemia at day 28, as determined by
survival analysis. Results will be presented at the 2014 ASTMH annual
meeting.

REPEATED TREATMENT OF YOUNG CHILDREN 4-11
MONTHS WITH ARTEMETHER-LUMEFANTRINE AND
DIHYDROARTEMISININE-PIPERAQUINE OVER A TWO-YEAR
FOLLOW UP PERIOD IN REAL-LIFE SETTINGS: NEURO-
OTOTOXICITY DRUG SAFETY ASSESSMENTS

Dianne J. Terlouw’, Carmen Gonzalez', Joachim Schmutzhard?,
lan Mackenzie3, Anna Maria van Eijk# Brian Faragher®, Virginia
Ramos?, Kamija Phiri®, David Lalloo*

'Malawi-Liverpool-Wellcome Trust Clinical Programme, Blantyre, Malawi,
?Medical University Innsbruck, Innsbruck, Austria, *University of Liverpool,
Liverpool, United Kingdom, “Liverpool School of Tropical Medicine,
Liverpool, United Kingdom, *College of Medicine, Blantyre, Malawi

Artemisinin-combination therapies (ACTs) are widely seen as safe drugs.
Early animal data of artemisinins raised the possibility of neurotoxicity
with high doses of the lipophilic (oil-based) derivatives such as arte(m)
ether in the form of selective damage of the brainstem involved in
auditory and vestibular function, and recent animal data suggested the
possibility of a cumulative effect. While the implication for human toxicity
is controversial and audiology assessments in adults in Asia and single-
use trials in older children over 5 years in Africa have been reassuring

so far, this has never been confirmed in the most vulnerable group of
young children during a phase of substantial brain maturity and high drug
exposure. We conducted a cluster-randomized effectiveness trial in an area
of high malaria transmission in Malawi. 814 children aged 4-11 months,
recruited at community-level, were randomized at village level into either
receiving artemether-lumefantrine (ArLu, lipophilic) or dihydroartemisinin-
piperaquine (DHA-PPQ, hydrophilic), for any consecutive clinical malaria
episodes during a 2 year follow-up period, in a ‘real-life’setting. To

explore any neuro-ototoxic adverse effect of repeated ACT exposure, two
audiology safety components were conducted. Short-term and potentially
reversible effects were assessed in a subset of 176 clinical malaria episodes
with auditory brainstem response (ABR) tests before treatment on Day O,
and day 7 and day 42 post treatment. Long-term irreversible, cumulative
effects were assessed with ABR readings at trial baseline, mid-point and
end-of-study. Primary ABR endpoint was the interpeak latency between
wave | and V(IPL). Overall trial analyses are ongoing and will be finalized
by September. We will present the intention-to-treat and per-protocol
analyses results, adjusting for treatment exposure, artemisinin intake dose,
child age, concomitant treatments, and history of exposure of known
determinants of audiological changes, including relevant birth and disease
history, and other reported exposure to known ototoxic drugs.

BOUTS OF MALARIA ILLNESS AS MEDIATED BY ANEMIA
DIMINISHES COGNITIVE DEVELOPMENT IN VERY YOUNG
UGANDAN CHILDREN

Michael J. Boivin', Alla Sikorskii', Itziar Familiar-Lopez', Horacio
Ruisenor-Escudero’, Victor Bigira?, James Kapisi?, Mary Muhindo?,
Paul Bangirana?, Noeline Nakasujja, Moses Kamya?, Robert O.
Opoka?, Grant Dorsey?

"Michigan State University, East Lansing, MI, United States, ?Makerere
University, Kampala, Uganda, *University of California San Francisco, San
Francisco, CA, United States

We evaluated child development in an open-label RCT of anti-

malarial chemoprevention in children living in an area of intense,
year-round transmission in Eastern Uganda. Infants 4 to 5 months of

age were enrolled and randomized to one of four treatment arms:

no chemoprevention, monthly sulfadoxine-pyrimethamine (SP), daily
trimethoprim-sulfamethoxazole (TS), or monthly dihyrdroartemisinin-
piperaquine (DP). At 2 yrs of age chemoprevention was stopped

and children were followed for 1 additional year. Number of malaria
episodes and anemia (hgb<10) were summarized up to cessation of
chemoprevention (2 yrs of age) and again from 2 to 3 yrs of age. The
Mullen Early Learning Scales (MELS) was administered to 471 children at
2 yrs and 452 children at 3 yrs. 69% were HIV-unexposed and 31% were
HIV-exposed, equally distributed across treatment arms. The number of
malaria episodes differed at the end of chemoprevention by trial arm (P
<.0001) with DP having a high protective efficacy against malaria and
anemia; TS having a moderate protective efficacy against malaria only,
and SP offering no protection against malaria or anemia. Following
cessation of chemoprevention, all treatment arms displayed levels of
malaria (~7.5 episodes per year) and anemia comparable to that of the
no chemoprevention arm. To determine the effects of the number of
malaria episodes on cognitive development, linear mixed effects model
related 2 repeated measures of Mullen scores (at 2 and 3 yrs) to trial

arm, HIV exposure status, sex, socio-economic status, weight for age
z-score, duration of breast feeding, and the number of malaria episodes
in each year. Trial arm was not significantly related to any of the Mullen
development outcomes. The number of bouts of malarial illness was
significantly predictive of Mullen cognitive outcomes both at 2 and 3 yrs of
age (P =0.02). This relationship was mediated by the number of anemia
episodes. Anemia episodes over and above those related to malaria was
independently associated with poorer Mullen working memory (P =
0.02). HIV exposure was associated with lower Mullen receptive language
development over and above malaria and anemia. We are the first to
document within an RCT study that early malaria illness and anemia

can lead to adverse developmental outcomes in very young children.
Concurrent intervention for both of these risk factors in early childhood is
important for enhancing developmental outcomes in at-risk children.
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SEASONAL MALARIA CHEMOPREVENTION AND
MICRONUTRIENT SUPPLEMENTATION IN EARLY CHILDHOOD:
EFFECT ON ASYMPTOMATIC PARASITAEMIA, ANEMIA AND
COGNITION

Sian E. Clarke', Yvonne Griffiths?, Yahia Dicko?, Modibo
Bamadio®, Seybou Diarra®, Philippe Thera®, Rebecca Jones',
Diahara Traore*, Modibo Traore®, Bonaventure Maiga®, Alassane
Dicko’, Moussa Sacko?, Natalie Roschnik®

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
?Institute of Education, London, United Kingdom, 3Save the Children,
Bamako, Mali, “Programme National de Lutte contre le Paludisme,
Bamako, Mali, >Division Nutrition, Direction Nationale de la Sante,
Bamako, Mali, ®Direction Nationale de la Pedogogie, Ministry of Education,
Bamako, Mali, "Malaria Research and Training Centre, University of
Bamako, Bamako, Mali, éInstitut National de Recherche en Santé Publique,
Ministry of Health, Bamako, Mali, °Save the Children, Washington, DC,
United States

Early childhood is a time of rapid growth and development and public
health interventions during this period could yield substantial benefits
across several developmental areas: physical, cognitive, and linguistic.

Iron is important in brain function, and interventions that reduce iron-
deficiency and anemia may improve cognitive function and learning.

A randomized trial was undertaken to examine the combined impact

of two newly-recommended interventions in early childhood: seasonal
malaria chemoprevention and home fortification with micronutrient
powders. Although each intervention has previously been shown to

be associated with improvements in malaria morbidity, anemia and/or
physical growth, the benefits for cognitive and linguistic development are
comparatively unknown. The combined effect of these two interventions
has not previously been examined. A cluster-randomized controlled trial
was conducted in 60 rural communities with pre-school programs in
southern Mali. Children aged less than 5 years living in the 30 intervention
communities received two rounds of seasonal malaria chemoprevention in
Oct and Nov 2013, followed by daily supplementation of micronutrients
for four months from January-April 2014. Delivery of the two interventions
at community-level was organized by pre-school management
committees. The impact of the interventions will be evaluated in May 2014
through cross-sectional surveys to compare malaria infection, nutrition and
cognitive performance in children aged 3 and 5 years living in intervention
and control communities. Study outcomes will include asymptomatic
parasitaemia, hemoglobin concentration, nutritional indices (height-for-
age, weight-for-age), and cognitive foundation skills for early literacy.
Findings on the combined effect of the malaria and nutrition interventions
after the first year of implementation will be presented.

POPULATION PHARMACOKINETICS OF PIPERAQUINE

IN YOUNG UGANDAN CHILDREN TREATED WITH
DIHYDROARTEMISININ-PIPERAQUINE FOR UNCOMPLICATED
MALARIA

Nancy Sambol’, Li Yan', Darren Creek?, Shelley McCormack?,
Emmanuel Arinaitwe?, Victor Bigira®, Humphrey Wanzira®, Abel
Kakuru?, Jordan Tappero?, Joel Tarning®, Niklas Lindegardh®,
Francois Nosten®, Francesca Aweeka', Sunil Parikh’

"University of California San Francisco, San Francisco, CA, United States,
’Monash University, Parkville, Australia, *Makerere University, Kampala,
Uganda, “Centers for Disease Control and Prevention, Atlanta, GA, United
States, *Mahidol University, Bangkok, Thailand, ®SMRU, Mae Sot, Thailand,
Yale School of Public Health, New Haven, CT, United States

Dihydroartemisinin-piperaquine (DP) is currently recommended as first-line
treatment for malaria. Doses of DP to treat malaria in young children were
initially chosen by scaling adult doses based on weight. This approach
does not adequately address physiologic changes in early childhood that

affect pharmacokinetics (PK). There is little information about the PK

of piperaquine in children, and particularly those < 2 years of age. The
objective of this study is to describe the PK of piperaquine in children 6
months to 2 years of age using a population approach that also explores
covariate effects. We undertook a prospective population PK study of
piperaquine (PQ) in 107 children 6 months to 2 years old who were
treated with standard weight-based three-dose DP for uncomplicated
malaria in Uganda. Participants underwent 5-7 finger sticks for 28 days
following each treatment, providing 1282 evaluable capillary plasma
samples from 218 treatments for a mixed effects model analysis with the
program NONMEM®. Capillary plasma concentrations on day 7 in most
patients, but especially in lower weight children 1-2 years of age, were
below the value generally believed to be associated with a longer time to
infection. PK data of piperaquine were well described by a 3-compartment
open model with first-order absorption. Age, and not weight or other
covariates, had a statistically significant effect (p<0.005) on clearance/
bioavailability (CL/F) or on relative bioavailability (F) alone. This finding
provides a possible contributing explanation for the low exposure in low-
weight 1-2 year old children relative to higher-weight 1-2 year olds and 6
month-1 year olds, all of whom were dosed according to weight. Based
on this population model we then simulated pharmacokinetic profiles of
alternative treatment doses, as well as candidate PQ chemoprevention
regimens, including monthly administration of standard therapeutic doses,
a regimen currently being evaluated. Our results suggest that higher doses,
especially in lower-weight 1-2 year olds, will increase the fraction of young
children with piperaquine exposure greater than a predefined target,
whether it is a previously published one or otherwise chosen. This study
supports a growing body of evidence that there is a need to re-evaluate
dosing of piperaquine in children.

ARTEMETHER-LUMEFANTRINE EFFICACY: POTENTIAL FOR
FURTHER DOSE OPTIMIZATION

Christian Nsanzabana, On Behalf of the WWARN AL Dose
Impact Study Group

WorldWide Antimalarial Resistance Network, Oxford, United Kingdom

Artemether-lumefantrine (AL) is the first line antimalarial treatment in 49
countries, administered according to four weight bands. Patients at the
margins of these bands can receive significant deviation from the target
dose. To assess the impact of weight adjusted (mg/kg) dose variations

in therapeutic efficacy, individual patient data were shared with the
WorldWide Antimalarial Resistance Network (WWARN) and collated using
standardised methodology. Risk factors associated with recrudescence
were evaluated using Cox's regression model with shared frailty on study
sites. Data from 14,327 patients (61 efficacy studies between 1996 and
2012 in Africa, Asia and South America) with uncomplicated P falciparum
malaria were included in the analyses. A total of 386 Polymerase Chain
Reaction (PCR)-confirmed recrudescent infections were reported. The

PCR adjusted cure rate was 97.6% [95% Cl: 97.4-97.9%] at day 28 and
96.0% [95% Cl: 95.6-96.5%] at day 42. After controlling for age and
parasitemia, every unit increase in daily artemether dose reduced the risk
of being parasitaemic on day 1 by 8% [95% Cl:1-14%, p=0.024] and
every unit increase in total artemether dose reduced the risk of gametocyte
carriage by day 14 by 8% [95% Cl:1-15%, p=0.037]. Overall the dose of
AL did not correlate with recrudescence, however the risk of recrudescence
was higher in Asian children weighing 10 to 15 kg who received a total
lumefantrine dose less than 60 mg/kg (Adjusted Hazards Ratio of 2.73
[95% ClI: 1.40-5.32]), accounting for 41% of all treatment failures;
p=0.003. In Africa, the risk of recrudescence was greatest in malnourished
children from 1 to 3 years old (PCR adjusted cure rate 94.3% [95% Cl:
92.3-96.3%]). The currently recommended dose of AL provides reliable
efficacy in most patients with uncomplicated malaria. However, cure rates
were lowest in young children in Asia and young underweight children
from Africa. A higher dose regimen should be evaluated in these groups.
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ARE PUBLIC OR RETAIL SECTOR PATIENTS MORE LIKELY
TO COMPLETE TREATMENT? AN ANALYSIS OF PATIENT
ADHERENCE TO ARTEMETHER-LUMEFANTRINE IN
SOUTHERN TANZANIA

Katia Bruxvoort', Admirabilis Kalolella?, Matthew Cairns',
Charles Festo?, S. Patrick Kachur?, David Schellenberg’, Catherine
Goodman'

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
?lfakara Health Institute, Dar es Salaam, United Republic of Tanzania,
>Malaria Branch, Centers for Disease Control and Prevention, Atlanta, GA,
United States

Artemisinin combination therapies (ACTs) are first-line treatment for
malaria in the public sector of most endemic countries and increasingly
available in the private sector. Most studies on ACT adherence have

been conducted in the public sector, with minimal data from private
retailers. We conducted parallel adherence studies in Mtwara, Tanzania,

in which patients obtaining artemether-lumefantrine (AL) at 40 randomly
selected public health facilities and 37 private drug shops were followed
up at home and questioned about each dose taken. The effect of

health sector on adherence was assessed with random effects logistic
regression controlling for potential confounders. Factors associated

with adherence in each sector were examined in separate models. Of

572 health facility patients and 451 drug shop patients, 75% and 70%
respectively completed treatment (p=0.2) , and 46% and 35% took each
dose at the correct time (p=0.003). Drug shop patients were wealthier,
more educated, older, sought care later in the day, and were less likely

to test positive for malaria than health facility patients. Controlling

for patient characteristics, the adjusted odds of drug shop patients
completing treatment and taking each dose at the correct time were 0.63
and 0.67 times that of health facility patients (p=0.030 and p=0.044).
Factors associated with adherence in drug shop patients were higher
socioeconomic status and recalling correct dose instructions. Patients
seeking care in the evening were half as likely to be adherent as those who
sought care in the morning. In the public sector, having fever and recalling
correct instructions were associated with completed treatment, while
seeking care within two days, being tested for malaria, and taking the
first dose at the facility were associated with timely completion. Patients
attending drug shops differ from those at public health facilities, but when
controlling for these characteristics, adherence was lower in drug shops.
Better understanding is needed of which aspects of patient care are most
important for adherence.

IMMUNE REGULATION BY HELMINTH PARASITES,
INVOLVES MODULATION OF HUMAN DENDRITIC CELL
METABOLISM INCLUDING INDUCTION OF INDOLEAMINE
2,3-DEOXYGENASE, DOWNREGULATION OF MTOR
SIGNALING, AND INDUCTION OF AUTOPHAGY

Roshanak Tolouei Semnani, Sasisekhar Bennuru, Renee
McDonald-Fleming, Rachel N. Cotton, Narasimhan Prakash Babu,
Thomas B. Nutman

National Institutes of Health, Bethesda, MD, United States

Helminth infection has been associated with dysregulation of professional
antigen presenting cells (APC) such as Langerhans cells (LC) and dendritic
cells (DC) with DC being the cell type most affected by parasite exposure,
particularly when exposed to the micrrofilarial (mf) stage of the Brugia
malayi one of the 2 major species causing lymphatic filariasis in humans.
To gain further insights into nature of the mf-induced alterations in

DC function and viability (previously shown), we used LC-MS/MS to
elucidate the entire proteome of mf-exposed monocyte derived human
DC (n=4) in comparison to mf-unexposed human DC. Our proteomics
data indicated that multiple components of the Mammalian Target of
Rapamycin (mTOR) signaling pathway, including mTOR, and Eukaryotic
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Initiation Factor 4 (elF4) A were downregulated by mf, suggesting that mf
target this pathway for immune modulation in DC. Utilizing western blot
analysis we showed that similar to rapamycin (a known mTOR inhibitor),
mf downregulate the phosphorylation of mTOR regulatory proteins
p70S6K1 and 4E-BP1, a process essential for DC protein synthesis. As
active mTOR signaling regulates autophagy by inhibiting an autophagy
induction complex, we examined whether mf exposure alters autophagy-
associated processes. Expression of p62, a ubiquitin-binding protein that
aggregates protein in autophagosomes and is degraded upon autophagy,
was reduced dramatically by mf exposure (P<0.05), suggesting that mf
induce autophagy in DC. Furthermore, as amino acid deficiency is one
mechanism of mTOR activation and inhibition of autophagy, upregulation
of kynureninase observed in our proteomics data suggested that mf also
induce tryptophan catabolism in human DC; this was corroborated by
showing that the expression of Indoleamine 2,3-deoxygenase (IDO) and
activity was increased dramatically by exposure to mf (p<0.05) compared
to mf-unexposed cells. Together, these results suggest that Brugia malayi
mf employ mechanisms of metabolic modulation in DC to influence

the regulation of the host immune response by downregualting mTOR
signaling resulting in increased autophagy.

HYPERREACTIVE ONCHOCERCIASIS IS CHARACTERIZED
BY AN ANTIGEN INDEPENDENT BIAS TOWARDS TH17
COMBINED WITH STRONG TH2 IMMUNE RESPONSES

Tomabu A. Adjobimey, Gnatoulma Katawa, Charlotte von Horn,
Laura Layland, Achim Hoerauf

Institute for Medical Microbiology, Immunology and Parasitology, Bonn,
Germany

Onchocerciasis or river blindness is the second leading infectious cause of
blindness after trachoma. In human, the disease is caused by infections
with the filarial nematode Onchocerca volvulus and presents two major
polar forms: the hyporeactive form or generalized onchocerciasis (GEO)
and the hyperreactive form (hyperreactive onchocerciasis: HO). The latter
is associated with more aggressive disease manifestations and disfiguring
dermatopathology and eye lesions that can lead to blindness, whereas
GEO is characterized by tolerance to the parasite and mild skin disease.
The immunological determinants of this polarization of the disease are still
not fully clarified. Using multicolor FACS analysis, multiplex cytokine arrays
and Real Time PCR, we compared the immune profiles of a group of 16
endemic normals (EN), individuals who had no clinical or parasitological
evidence of infection despite ongoing exposure to the parasite, with a
group of 16 individuals with GEO and a group of 6 individuals presenting
the rare but sever hyperreactive form of the disease. We could show that
individuals with HO presented higher frequencies of CD4+ cells expressing
Th17 related cytokines (IL-17A, IL-17C, IL-6, IL-22) and markers (RORC,
STAT3), while those with GEO presented significantly higher CD25+Foxp3+
and IL-10 secreting T cells. Concordantly, TCR activation using anti-CD3/
CD28 induced high amounts of IL-17 in culture supernatants of peripheral
blood mononuclear cells (PBMCs) from patients with HO, whereas IL-17
was barely detectable in PBMCs from EN and GEO individuals in same
conditions. Strikingly, antigen specific stimulation using Onchocerca
volvulus extracts did not elicit IL-17 secretion, either in PBMCs of GEO or
in those of HO individuals. In contrast, a robust Th2 response was induced
upon antigen specific activation of PBMCs from HO patients, as shown

by prominent expression of GATA3, IL-4, IL-5 and IL-13 in PBMCs of

these individuals. These findings suggest that, strong parasite specific Th2
responses combined with robust parasite-independent Th17 polarization
in the absence of adequate immune regulation is associated with HO,
revealing a novel Th17/Th2 axis as potential target in the development of
new therapeutical strategies to prevent HO in human.
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HELMINTH INFECTIONS DURING PREGNANCY IS
ASSOCIATED WITH IMPAIRED VACCINE EFFICACY IN KENYAN
INFANTS

Indu Malhotra’, Peter L. Mungai’, Maxim J. McKibben', Laura
J. Sutherland', Eric Muchiri?, Xuelei Wang', Charles H. King’,
Christopher L. King', Angelle Desiree LaBeaud?

'Case Western Reserve University, Cleveland, OH, United States, ?Division
of Neglected Tropical Diseases, Nairobi, Kenya, >Children’s Hospital
Oakland Research Institute, Oakland, CA, United States

Both animal models and human studies suggest that parasitic infections
can result in decreased vaccine efficacy. Maternal parasitic infections
during pregnancy prime the fetal immune response and induce an
immunomodulatory phenotype at birth that may affect subsequent
immune responses to childhood vaccines. We investigated whether
prenatal exposure to helminth infections affect the pattern of infant
immune response to standard vaccination against Haemophilus influenzae
(Hib), hepatitis B (Hep B), tetanus toxoid (TT) and diphtheria toxoid (DT).
450 Kenyan women were tested for LF, urogenital schistosomiasis, malaria,
and intestinal helminths during pregnancy. Their newborns were followed
biannually to age 36 months and tested for levels of IgG against Hib,

Hep B, TT, and DT at each time point. Overall, one third of the mothers
were infected with LF, urogenital schistosomiasis, malaria or hookworm.
Using a generalized estimating equation analysis, the presence of multiple
maternal infections were associated with lower immune response to Hib
PRP-specific IgG (p=00001, 0002, 02045 with one infection; p=00028,
00022, 02051 with two infections at 12, 18 and 24 months of age),
compared to no maternal infection. There was a significant difference

in response to DT in infants of mothers with three or more infections

(p= 00001 and 002 at 6 and 12 months) compared to no maternal
infection. Response to Hib was also associated with immunophenotype;
offspring putatively tolerized to filarial antigens (LF infected mothers

but lacking filarial-specific Th1/Th2-type response in cord blood, N=94)
compared to unexposed (no evidence of maternal LF infection nor antigen
responsiveness in cord blood, N=119) had a lowest vaccine-induced
antibody response to Hib-specific IgG (p= 09052, 02033 and 0035 at

12, 18 and 24 months). Antenatal helminth infections are associated

with lower immune response to Hib and DT vaccine antigens. Thus, in
developing countries, eradication of chronic helminthic infections may be
imperative to the success of future global vaccination efforts.

BLADDER UROTHELIAL CELL CYCLE RESPONSES TO
SCHISTOSOMA HAEMATOBIUM INFECTION ARE
MODULATED BY IL-4 RECEPTOR-a.

Chi-Ling Fu, Michael Hsieh
Stanford University School of Medicine, Stanford, CA, United States

The bladder urothelium, a normally quiescent epithelial organ,
undergoes dynamic changes during Schistosoma haematobium infection
(urogenital schistosomiasis). These alterations include hyperplasia,
ulceration, dysplasia, and frank carcinogenesis, and likely involve shifts
in urothelial cell cycle status. Defining the pathways underpinning these
urothelial responses will contribute to a deeper understanding of how

S. haematobium egg-induced expulsion, hematuria, and bladder cancer
develop in humans. Akin to their responses to many different helminth
infections, mammals mount an IL-4 and -13-associated type 2 immune
response during S. haematobium infection. These cytokines share the
IL-4 receptor-o. subunit as one of their cognate receptor subunits. To
determine whether IL-4 receptor-a plays a role in urothelial cell cycle
alterations in urogenital schistosomiasis, we injected S. haematobium
eggs or control vehicle into the bladder walls of wild type, IL-4 receptor-
o-deficient, and myeloid-associated IL-4 receptor-o-deficient mice.
Three weeks later, mice were sacrificed and their bladder urothelium
isolated and prepared as single cell suspensions. These suspensions were

stained with DAPI and antibodies to CD45 and EpCAM. CD45-EpCAM+
urothelial cells were gated and their DAPI staining analyzed to assess

cell cycle status. Relative to vehicle controls, wild type mice injected with
eggs demonstrated increased proportions of urothelial cells in S phase
and decreased proportions in G2/M phase. Although egg-injected,
macrophage-associated IL-4 receptor-o-deficient mice featured similar
urothelial responses as their egg-injected wild type counterparts, egg-
injected conventional IL-4 receptor-a-deficient mice exhibited fewer
urothelial cells in S phase. Thus, IL-4 receptor-o signaling through non-
myeloid cells indeed seems to affect urothelial cell cycle status; this effect
may specifically target DNA synthesis, a crucial process in carcinogenesis.
Ongoing work seeks to determine which IL-4 receptor-o-expressing cells
are crucial to these phenomena, and how these cells mediate alterations in
the cell cycle status of the bladder urothelium.

IMMUNOGENICITY AND ANTI-FECUNDITY EFFECT OF
NANOPARTICLE COATED GLUTATHIONE S-TRANSFERASE
(SJGST) DNA VACCINE AGAINST MURINE SCHISTOSOMA
JAPONICUM INFECTION

Evaristus C. Mbanefo', Takashi Kumagai?, Yukinobu Kodama?,
Nguyen T. Huy', Nobuo Ohta?, Hitoshi Sasaki®, Kenji Hirayama'

'Institute of Tropical Medicine, Nagasaki University, Nagasaki, Japan,
2Section of Environmental Parasitology, Tokyo Medical and Dental
University, Tokyo, Japan, *Department of Hospital Pharmacy, Nagasaki
University Hospital, Nagasaki, Japan

There is still urgent need for a vaccine against schistosomiasis, especially
in Schistosoma japonicum endemic areas where even a vaccine that

will interrupt zoonotic transmission will be potentially effective as an
intervention tool. We had developed a novel nanoparticle gene delivery
system, which has proven efficacious in gene transfection to target
immune cells with complementary adjuvant effect and high protective
efficacy in several diseases. Here, we have applied this nanoparticle system
in combination with S. japonicum glutathione S-transferase (SjGST) DNA
vaccine to show improved immunogenicity and anti-fecundity effect of the
nanoparticle coated vaccine formulation against murine schistosomiasis.
The nanoparticle-coated DNA vaccine formulation induced desired
immune responses with significantly increased humoral response, T-helper
1 polarized cytokine environment, higher proportion of IFN-y producing
CD4+ T-cells and the concomitant decrease in IL-4 producing CD4+
T-cells. Although there was no effect on worm burden, the proportion of
immature worms was higher in the SjGST vaccinated groups with a lower
proportion of mature paired worms. We recorded an unprecedented
reduction in tissue egg burden. There was 71.9% decrease in liver egg
burden, 71.6% decrease in intestinal egg burden, and 54.7% reduction
in the fecundity of female adult worms. In conclusion, our data showed
that the combination of nanoparticle gene delivery system with SjGST DNA
vaccination significantly improved the characteristic anti-fecundity effect
of SjGST, thereby proving this DNA vaccine formulation as a promising
candidate for anti-pathology and transmission blocking application.
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THE MOLECULAR CONSEQUENCES OF INTRA-PATIENT
PHAGE PREDATION ON VIBRIO CHOLERAE POPULATION
DIVERSITY

Kimberley D. Seed’, Minmin Yen', Jesse Shapiro?, Isabelle J.
Hilaire3, Richelle C. Charles*, Jessica E. Teng®, Louise C. Ivers®,
Jacques Boncy’, Jason B. Harris®, Andrew Camilli’

"Tufts University School of Medicine and Howard Hughes Medical Institute,
Boston, MA, United States, 2Université de Montréal, Montréal, QC,
Canada, 3Partners In Health, Boston, MA, United States, “Massachusetts
General Hospital, Boston, MA, United States, *Partners In Health and
Brigham and Women's Hospital, Boston, MA, United States, ®Partners

In Health, Brigham and Women'’s Hospital and Harvard Medical School,
Boston, MA, United States, ’National Public Health Laboratory, Port-
au-Prince, Haiti, $Massachusetts General Hospital and Harvard Medical
School, Boston, MA, United States

Vibrio cholerae is a globally important water-borne pathogen, which is

the causative agent of the severe acute diarrheal disease cholera. We
analyzed geographically disparate cholera patient samples from Haiti and
Bangladesh and found that ICP2-like phage can impact the evolutionary
trajectory of intra-patient V. cholerae populations. Evidence of intra-patient
selection of phage-resistant mutants was found in one Haitian patient
sample in which >99% of V. cholerae isolates harbored mutations in the
major outer membrane porin, OmpU. Mutant ompU alleles were sufficient
for ICP2 resistance when moved into a clean background, indicating that
ICP2 uses OmpU as a receptor to initiate infection. Phage-resistant and
phage-sensitive isolates from this sample were subjected to whole genome
sequencing and were found to be isogenic except for single site mutations
in ompU. The mutations within ompU between phage-resistant isolates
were heterogeneous, indicating that phage predation and selection of
resistant mutants occurred multiple independent times during infection.
High levels of ICP2 were also observed in a Bangladeshi patient sample
found to harbor a mixture of toxR mutants. Similar to what was observed
in the Haitian patient sample; multiple unique toxR mutants were observed
within this single sample. ToxR directly activates expression of ompU and
critical virulence factors. ICP2-sensitivity was restored to the clinical toxR
mutants by expressing ompU in trans, demonstrating that resistance is
mediated through decreased OmpU expression. The clinically isolated
ompU and toxR alleles had differing impacts on V. cholerae virulence,

with the toxR mutants being severely attenuated in vivo. We demonstrate
that V. cholerae faces phage-mediated predatory interactions during the
natural course of infection that can impose a strong selective pressure.
This work highlights the notion that host-pathogen interactions are often
embedded in a diverse microbial ecosystem that can impact the virulence
and transmission of the pathogen.

CIRCULATING MUCOSAL ASSOCIATED INVARIANT T (MAIT)
CELLS ARE ACTIVATED IN VIBRIO CHOLERAE O1 INFECTION
AND ASSOCIATED WITH LIPOPOLYSACCHARIDE ANTIBODY
RESPONSES

Daniel T. Leung', Taufiqur R. Bhuiyan?, Naoshin S. Nishat?,
Mohammad Rubel Hog?, Amena Aktar?, M. Arifur Rahman?,
Taher Uddin?, Ashraful I. Khan?, Fahima Chowdhury?, Richelle

C. Charles’, Jason B. Harris’, Stephen B. Calderwood’, Firdausi
Qadri?, Edward T. Ryan'

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

Mucosal Associated Invariant T (MAIT) cells are innate-type T cells that
account for up to 10% of circulating T cells and are found in the intestinal
mucosa, liver, and mesenteric lymph nodes. MAIT cells are activated

in response to the presentation of riboflavin metabolites, which are
produced by various bacteria including Vibrio cholerae. MAIT cells are
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thought to play a role in bridging the innate-adaptive interface, and a
recent study demonstrated that activation of MAIT cells is associated with
B cell responses to a Shigella vaccine. We collected blood from patients
presenting with culture-confirmed severe cholera to the icddr,b Dhaka
Hospital at days 2, 7, 30, and 90 of illness. We characterized MAIT cells
by multicolor flow cytometry, and assessed antibody responses to V.
cholerae O1 lipopolysaccharide (LPS) and cholera toxin B subunit (CTB) by
ELISA. We defined MAIT cells as CD3*CD4-CD161" cells that are positive
for the invariant T cell receptor segment Va7.2*, and used CD38 as a
marker of MAIT cell activation. We found that MAIT cells were maximally
activated at day 7 of cholera in all age groups. In adults, MAIT frequencies
did not change over time, whereas in children, MAITs were significantly
decreased at day 7 compared to day 2. This decrease persisted to day

90, the last time point examined. Notably, the magnitude of increase in
MAIT cells from day 2 to day 7 of infection correlated with fold changes
in LPS IgA and IgG responses. Such a correlation was not found with LPS
IgM or antibody responses to CTB. In this study, we show that MAIT cells
are activated during severe cholera, suggesting that they may play an
important role in the innate response against V. cholerae infection. Given
that increases in MAIT cells are correlated with increases in class-switched
antibodies against LPS, but not CTB, we hypothesize that MAIT cells may
be involved in mechanisms underlying class switching of antibodies to
T-independent antigens. The persistent decrease in MAIT cells following
cholera in children, not seen in adults, needs further investigation.

IMMUNOGENICITY OF A KILLED ORAL BIVALENT WHOLE
CELL CHOLERA VACCINE IN ADULTS WITH HIV INFECTION

Louise C. Ivers', Richelle C. Charles?, Isabelle J. Hiliare?, Leslie
Mayo-Smith?, Jessica E. Teng', Jenna Rychert?, Edward T. Ryan?,
Firdausi Qadri*, Molly F. Frank®, Jason B. Harris?

'Brigham and Womens Hospital, Boston, MA, United States,
’Massachusetts General Hospital, Boston, MA, United States, *Partners In
Health, Boston, MA, United States, “International Centre for Diarrhoeal
Disease Research, Dhaka, Bangladesh, *Harvard Medical School, Boston,
MA, United States

Cholera epidemics often occur in settings where human immunodeficiency
virus (HIV) infection is prevalent. While some evidence suggests that
individuals living with HIV are more susceptible to cholera than those

that are HIV negative, little is known about how HIV alters the immune
response to oral cholera vaccines. We evaluated immune responses
following bivalent oral cholera vaccination (BivwC; Shanchol) in a cohort
of adults in Haiti, some of which were known to have HIV infection. Blood
samples were obtained prior to immunization and 7 days after each of
two doses of BivWC vaccine were administered. A total of 25 adults with
HIV infection were enrolled in the study; 23 of these individuals received
both doses of BivWC and completed the three-week observation period
including all blood draws. Compared to 22 adults without known HIV
infection who completed the three-week observation period, HIV-infected
individuals in this cohort had significantly lower vibriocidal antibody
responses against both the V. cholerae O1 Inaba and Ogawa serotypes.
Among the HIV-infected vaccinees, we found an inverse relationship
between CD4* T-cell count and the subsequent vibriocidal antibody
response following vaccination. However, despite lower vibriocidal
antibody responses, there was still a substantial vaccine take rate in this
cohort adults living with HIV infection. Both O- polysaccharide antigen
specific IgA and vibriocidal antibody titers increased significantly after oral
cholera vaccination in HIV-infected adults. Seroconversion, defined as
four-fold or greater increase in vibriocidal antibody titer, occurred at a rate
of 65% against the Ogawa serotype and 74% against the Inaba serotype
in adults with HIV infection. These results suggest that killed oral cholera
vaccines retain substantial immunogenicity in adults with HIV infection
and may provide a significant benefit in a population that is otherwise
vulnerable to cholera.
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EFFECTIVENESS OFAN ORAL KILLED BIVALENT WHOLE-CELL
CHOLERA VACCINE IN RURAL HAITI

Louise C. Ivers', Jessica E. Teng?, Johanne Hilaire3, J. Gregory
Jerome?, C. Patrick Almazor?, Ralph Ternier?, Megan Murray’,
Jason B. Harris", Molly Franke'

'Harvard Medical School, Boston, MA, United States, ?Brigham and
Women’s Hospital, Boston, MA, United States, >Partners In Health, Port-
au-Prince, Haiti

Between April and June 2012, a reactive oral cholera vaccine campaign
was conducted in a rural district of Haiti using the oral killed bivalent
whole-cell vaccine, Shanchol®. We conducted a case-control study to
estimate vaccine field effectiveness in the context of this campaign. Cases
had acute watery diarrhea, sought treatment at 1 of 3 participating
cholera treatment units between October 24, 2012 and March 9, 2014,
and had a stool sample positive for cholera by Crystal VC® rapid test and
culture. For each case, four controls (individuals who did not experience
or seek treatment for acute watery diarrhea between the date of study
initiation and the date of their corresponding case’s symptom onset) were
matched by neighborhood, calendar time, and age. We also conducted

a bias-indicator case-control study to assess the likelihood of bias in the
vaccine effectiveness case-control study by examining the relationship
between vaccination and non-cholera diarrhea. In the absence of bias we
expected no association between vaccination and non-cholera diarrhea in
the bias-indicator study. During the study period, 115 individuals presented
with acute watery diarrhea. After excluding 8 individuals who lacked
specimen for culture, 22 with discordant rapid test and culture results,
and 1 cholera case that lacked interview data, 41 were included as cases
in the vaccine effectiveness case-control study and 43 as cases in the bias-
indicator study. In univariable analysis, both self-reported vaccination and
verified vaccination (via vaccination card or registry) were associated with a
statistically significant reduction in the risk of cholera. In adjusted analyses
vaccine effectiveness was 66% [95% confidence interval: 15%-86%;
p-value: 0.02] by self-report and 60% [95% confidence interval: 14%-
82%; p-value: 0.02] for verified vaccination. Neither self-reported nor
verified vaccination was significantly associated with non-cholera diarrhea
in univariable or multivariable analyses. The oral cholera vaccine is an
effective component of the comprehensive response to cholera in Haiti.

THE CASE FOR USING A SINGLE DOSE OF ORAL CHOLERA
VACCINE IN EMERGENCIES

Andrew S. Azman’, Francisco J. Luquero?, David A. Sack’, Justin
Lessler!

"Johns Hopkins School of Public Health, Baltimore, MDD, United States,
2Epicentre, Paris, France

A global stockpile of oral cholera vaccine (OCV) was recently established
for emergency use, but with less than 2 million doses available worldwide
officials will likely have to contend with limited vaccine. Previous work
shows that speed of response is the strongest predictor of the impact of
reactive vaccination campaigns. Two OCVs are internationally licensed

for use as a two-dose formulation administered 1-6 weeks apart, and

the delay between vaccination rounds may compromise the benefits

of receiving the second dose. With evidence from clinical trials and
immunological studies suggesting that a single dose may be moderately
protective, there is a strong argument that more may be gained by
distributing a single dose to more people quickly, than a full course to

a smaller population, thereby administering as many doses of vaccine

as quickly as possible. Whether this is the case will be driven by the
efficacy of a single dose, the mechanism of vaccine protection, and local
cholera transmission dynamics. Using computational models of cholera
transmission with varying assumptions about the epidemiologic context
and vaccine mechanism, we explore the minimum single-dose efficacy
needed to avert at least as many cases as a two-dose regimen in a reactive

vaccination campaign with limited vaccine. In a simple model not taking
into account indirect effects (i.e. herd protection), we find that early
vaccination with a single-dose that confers about at least 42% protection
against clinical disease would avert more cases than a two-dose regime
with the same quantity of vaccine. As vaccination is delayed and indirect
effects are taken into account, using a single dose with even lower efficacy
will avert more cases than a two-dose campaign. When considering
logistical delays and epidemic specific transmission dynamics from recent
large outbreaks in Haiti, Zimbabwe, and Guinea, we find that with realistic
quantities of vaccine, use of a single-dose regimen would have averted
more cases than a two-dose regimen. Through synthesis of clinical and
immunological evidence with data from recent cholera outbreaks, we
show that a single dose of OCV may be an important tool for emergency
response. If future empirical studies are consistent with current single-
dose efficacy evidence, our results help create a case for the international
licensing of a single-dose OCV regimen.

SINGLE-DOSE LIVE ATTENUATED ORAL CHOLERA VACCINE
(CVD 103-HGR) PROTECTS AGAINST CHOLERA AT 10
DAYS FOLLOWING VACCINATION: RESULTS OF A VIBRIO
CHOLERAE O1 EL TOR INABA CHALLENGE STUDY

Wilbur H. Chen', Mitchell B. Cohen?, Beth D. Kirkpatrick?,
Rebecca Brady?, David Galloway?, Marc Gurwith?, Robert H. Hall°,
Robert A. Kessler!, Michael Lock#, Caroline E. Lyon?, Jakub K.
Simon?, Flora Szabo?, Myron M. Levine'

"University of Maryland School of Medicine, Baltimore, MD, United States,
2Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, United
States, 3University of Vermont College of Medicine, Burlington, VT, United
States, “PaxVax, Inc., Menlo Park, CA, United States, *National Institute of
Allergy and Infectious Diseases, Bethesda, MD, United States

No cholera vaccines are currently licensed and available in the U.S.A; two
killed oral cholera vaccines licensed in other countries require 2 spaced
doses. A single-dose oral cholera vaccine that rapidly elicits protection

is needed for immunization of short-notice travelers to high risk areas

and for use in explosive outbreaks, where practical administration and
accelerated onset of protection are also desirable. Attenuated Vibrio
cholerae O1 classical Inaba live oral vaccine strain CVD 103-HgR harbors a
deletion of 94% of the gene encoding the cholera toxin A subunit. CVD
103-HgR, manufactured by PaxVax Inc., typically elicits vibriocidal antibody
seroconversion (a correlate of protection) within 10 days of vaccination. To
evaluate vaccine efficacy, we challenged healthy volunteers, 18-45 years
old, with virulent V. cholerae. Consenting healthy cholera-naive adults (n=
98, including n=50 of blood group O, high risk for cholera gravis), were
randomly allocated 1:1 to receive vaccine (108 CFU) or placebo. Ten days
after vaccination, 68 subjects ingested 10° CFU wild type V. cholerae O1 El
Tor Inaba strain N16961. Subjects were observed on a Research Isolation
Ward for measurement of stool output and management of cholera
illness. The vaccine was well tolerated: adverse events, generally mild to
moderate, were reported in 13% vaccine and 14% placebo recipients. The
primary endpoint, moderate (3.0 liter cumulative purge) to severe (=5.0
liter cumulative purge) diarrhea occurred in 20/33 (61%) placebo and 2/35
(6%) vaccine recipients (point estimate of vaccine efficacy [VE] =91%,
p<0.0001). 13/33 (39%) placebo recipients and 1/35 (3%) vaccinees

had severe diarrhea (point estimate of VE =93%, p=0.0002). Additional
subjects will be challenged at 90 days post-vaccination and overall VE will
be calculated in May 2013 with pooled placebo recipients serving as the
control. The encouraging preliminary analysis of VE observed 10 days after
receipt of a single 10® CFU dose of CVD 103-HgR supports an accelerated
clinical development path towards FDA licensure.
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OPTIMAL ALLOCATION OF ORAL CHOLERA VACCINE IN
ENDEMIC AND EPIDEMIC SETTINGS

Sean M. Moore, Justin Lessler

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

In 2013 the World Health Organization (WHO) established a global
stockpile of two million doses of oral cholera vaccine (OCV) to be deployed
reactively during cholera epidemics. With an estimated 3--5 million cases,
100,000 deaths annually, and 1.4 billion people at risk of infection,

the current cholera vaccine supply can only prevent a small percentage

of cases. Due to the limitations in vaccine supply, it is important to
determine how to best allocate existing vaccine between populations in
endemic settings versus stockpiling the vaccine for reactive use during
epidemics, where attack rates and case fatality ratios are often higher.

We used a mathematical model of cholera transmission to examine how
the allocation of a limited OCV supply can maximize the total number

of cholera cases prevented in both epidemic and endemic settings. We
found that under a broad range of expected epidemic sizes the number of
cases prevented is maximized by allocating a fairly high proportion of the
existing OCV supply to reactive vaccination in the epidemic setting. This
optimal OCV allocation is sensitive to the timing of the reactive vaccination
campaign. For less explosive epidemics with lower initial growth rates

the optimal allocation to reactive vaccination increases as the start of

the reactive vaccination campaign is delayed (up to a limit of 120-150
days). However, in the case of larger epidemics with high initial growth
rates, moderate delays to the start of reactive vaccination (>50 days after
the start of outbreak) lead to allocating OCV doses away from reactive
vaccination and towards endemic populations because the reactive
vaccination campaign will miss the peak of the epidemic and prevents
relatively few cases. Our results indicate that the strategy of maintaining
the stockpile for reactive campaigns rather than using these doses in

an endemic setting is optimal with the current limited supply as long as
vaccine deployment is timely.

MODELING THE COST EFFECTIVENESS OF MALARIA
CONTROL INTERVENTIONS IN THE HIGHLANDS OF WESTERN
KENYA

Erin M. Stuckey', Jennifer Stevenson?, Katya Galactionova',
Amrish Y. Baidjoe®, Teun Bousema?, Wycliffe Odongo?, Simon
Kariuki4, Chris Drakley®, Thomas A. Smith', Jonathan Cox®, Nakul
Chitnis’

'Swiss Tropical and Public Health Institute, Basel, Switzerland, 2Johns
Hopkins Bloomberg School of Public Health, Baltimore, MD, United States,
3Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands,
“Kenya Medical Research Institute/Centers for Disease Control and
Prevention, Kisumu, Kenya, °London School of Hygiene & Tropical
Medicine, London, United Kingdom

Tools that allow for in silico optimization of available malaria control
strategies can assist the decision making process for prioritizing
interventions. The OpenMalaria stochastic simulation modeling platform
can be applied to simulate the impact of interventions singly and in
combination as implemented in Rachuonyo South District, western Kenya,
to support this goal. Combinations of malaria interventions were simulated
using a previously-published, validated model of malaria epidemiology
and control in the study area. An economic model of the costs of case
management and malaria control interventions in Kenya was applied to
simulation results and cost-effectiveness of each intervention combination
compared to the corresponding simulated outputs of a scenario without
interventions. Uncertainty was evaluated by varying health system and
intervention delivery parameters. While an intervention with long lasting
insecticide treated net (LLIN) use by 80% of the population, 90% of
households covered by indoor residual spraying (IRS) with deployment

13

starting in April, and intermittent screen and treat (IST) of school children
using Coartem® with 80% coverage twice per term had the greatest
simulated health impact, the current malaria control strategy in the study
area of LLIN use of 56% and IRS coverage of 70% was the most cost
effective at reducing DALYs over a five year period. All the simulated
intervention combinations can be considered cost effective in the context
of available resources for health in Kenya. Increasing coverage of vector
control interventions has a larger simulated impact compared to adding
IST to the current implementation strategy, suggesting that transmission
in the study area is not at a level to warrant replacing vector control to a
school-based screen and treat program. These results have the potential to
assist malaria control program managers in the study area in adding new
or changing the implementation of current interventions.

THE IMPORTANCE OF HISTORICAL DATA IN SIMULATING
MALARIA EPIDEMIOLOGY AND CONTROL INTERVENTIONS:
APPLICATION TO MULTIPLE SITES IN MADAGASCAR

Emilie Pothin’, Olivier Briét', Thomas Kesteman?, Milijaona
Randrianarivelojosia?, Christophe Rogier?, Thomas Smith’

'Swiss Tropical and Public Health Institute, Basel, Switzerland, “Institut
Pasteur de Madagascar, Antananarivo, Madagascar

Planning malaria interventions requires prediction of likely impacts of
different intervention strategies. Simulation models can provide such
predictions but weak information about pre-control levels of transmission,
intervention coverage and access to care often makes it challenging

to correctly parameterize them. We consider a number of low malaria
transmission sites in Madagascar, with available historical prevalence and
entomological inoculation rate (EIR) estimates (by mosquito sampling),
giving disparate estimates of historical exposure. Information about
implementation of Long Lasting Insecticide Nets (LLINs) and Indoor
Residual Spraying (IRS), and access to healthcare, collated from malaria
surveys and on-going cross-sectional studies were used to parameterise
simulations of malaria transmission, prevalence and burden within the
OpenMalaria platform. Multiple parameterisations were considered using
various sources of data for pre-intervention transmission level, intervention
coverage and access to healthcare. In some sites the simulated impact

of existing vector control programs matches reasonably well the malaria
prevalence measured in a recent national survey. In others it predicts lower
than observed prevalence, very likely because the models do not capture
residual local transmission foci. The simulations suggest that the most cost-
effective vector control strategy would be to scale-up LLINs or IRS only,
depending on the transmission level. Indeed, preliminary results show no
additional benefit of IRS where LLINs were used. These preliminary results
suggest that historical prevalence data, combined with current coverage
information are potentially adequate for planning intervention strategies.
The outcome of intervention scale-up is essentially unpredictable if
baseline information is poor. Reproducing the observed epidemiology of
malaria through simulations both provides confidence in the use of the
model but serves as a basis for prospective studies that support decision-
making, including cost-effectiveness analyses.

ASSESSING THE POTENTIAL IMPACT OF ARTEMISININ
RESISTANCE IN SUB-SAHARAN AFRICA

Hannah C. Slater, Jamie Griffin, Azra C. Ghani, Lucy Okell
Imperial College, London, United Kingdom

Artemisinin and partner drug resistant malaria parasites have emerged
in Southeast Asia. If resistance were to emerge in Africa it could have
a devastating impact on the morbidity and mortality associated with
ongoing malaria transmission. We estimate the potential impact of
artemisinin and partner drug resistance on disease burden in Africa if it
were to emerge. Using data from Asia and Africa, we characterise five
possible artemisinin and partner drug resistance scenarios. Artemisinin
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resistance is characterised by slow parasite clearance (SPC). Partner drug
resistance is associated with late clinical failure (LCF) or late parasitological
failure (LPF). An individual-based malaria transmission model is used to
estimate the impact of each resistance scenario on clinical incidence,
severe incidence and parasite prevalence across Africa. We find that
scenarios with high levels of recrudescent infections (LCF/LPF) resulted in
far greater increases in clinical incidence compared to scenarios with high
levels of SPC. Across Africa, we estimate that partner drug resistance at
levels similar to those observed in parts of Africa for AS+SP could result

in 39 million additional cases over a five year period, a 2.7% increase
compared to a scenario with no resistance. Artemisinin resistance similar to
levels observed in Pailin, Cambodia could result in an additional 29 million
cases over the same period. Artemisinin resistance is potentially a more
pressing concern than partner drug resistance due to the lack of viable
alternatives. However, widespread partner drug resistance, characterised
by SP resistance in parts of Africa, would result in greater increases in
malaria morbidity than if widespread artemisinin resistance were to
develop at levels currently observed in Pailin, Cambodia.

MODELING THE IMPACT OF COINFECTION ON PERSISTENCE
AND INFECTIVITY OF PLASMODIUM FALCIPARUM

Lauren M. Childs, Caroline O. Buckee
Harvard School of Public Health, Boston, MA, United States

Each year nearly 200 million people are infected with the malaria parasite,
Plasmodium falciparum. One of its most notable features is the variable
course and duration of infection experienced by different individuals,
ranging from high parasite density, acute and often severe infections to
persistent, chronic infections that are often undetectable by microscopy.
Levels of acute and chronic infections vary across different transmission
settings, and what disturbs the delicate balance between parasite growth
and immune control, leading to bursts of parasite growth or clearance

of an infection, remains an open question. Field studies examining
persistence of infection have used a variety of different genotyping
methods, but due to limitations, it is difficult to determine the extent of
mixed infections, and nearly impossible to determine if the reemergence of
parasitemia is due to a new infection or recrudescence of an existing one.
Mathematical models, despite limited knowledge of mechanistic details
of host-parasite interactions, have qualitatively reproduced single parasite
dynamics observed in patient data. Here we adapt a discrete model by
Recker et al. (PLoS Pathogens, 2011) of blood-stage parasite dynamics
including innate and adaptive immune responses. \We analyze simulated
output to examine how coinfecting strains, particularly from similar clones
that elicit overlapping immune responses, impact infection length and
infectiousness. We find that the level of both innate and adaptive immune
responses present at the time of coinfection as well as the similarity of the
coinfecting strains significantly alters the duration of both the resident
and coinfecting strains, particularly during chronic infections. Timing of
coinfection also influences the infectivity of the coinfecting strains, likely
altering transmission patterns at a population level. Duration of infection
and infectivity are critical epidemiological parameters for predicting the
efficacy of control strategies, particularly with the looming problem of
emerging drug resistance.

MEASURING THE PATH TOWARDS MALARIA ELIMINATION

Thomas S. Churcher’, Justin M. Cohen?, Joseph Novotny?,
Nyasatu Ntshalintshali?, Simon Kunene®, Simon Cauchemez*
'Imperial College London, London, United Kingdom, ?Clinton Health
Access Initiative, Boston, MA, United States, *National Malaria Control
Program, Mbabane, Swaziland, #Institut Pasteur, Paris, France

As an area approaches local elimination it becomes increasingly difficult to
quantify transmission accurately. This is because countries that manage to
control local transmission to relatively low levels but receive large numbers

of imported cases from outside its borders are likely to see a considerable
number of autochthonous cases. The reproduction number R (the
average number of persons infected by a malaria case) is a new method
of measuring malaria transmission though, to date, its use has remained
largely theoretical and it has had limited practical impact. Here, we present
an operational framework to determine whether programs are successful
at controlling local transmission of falciparum malaria. It is based on a new
and simple method to test the hypothesis R>1 from standard surveillance
data consisting of the numbers of local and imported malaria cases.

We apply this approach to Swaziland, a country which embarked on an
elimination campaign in 2008. Thirty six percent (52/143), 45% (170/377)
and 67% (153/229) of investigated cases were imported in 2010,

2011 and 2012 respectively. This indicates that the status of controlled
non-endemic malaria was reached in 2011 and 2012 but not in 2010.
This provides evidence that since 2010, Swaziland has halted endemic
transmission at the national level, and that malaria would be eliminated if
the current level of control was continued and importations ceased. The
method offers a simple and practical solution to quantify transmission as
the disease becomes increasingly rare. Instead of just aiming for zero local
cases, programs should use these metrics to set a series of intermediate
milestones which are easy to test and show progress towards disease
elimination. Evidence like this will be essential to enable the successes of
countries like Swaziland to be maintained and replicated elsewhere.

SPATIAL DYNAMICS OF MALARIA TRANSMISSION IN THE
EMOD MODEL FOR CAMPAIGNS TARGETING SUSTAINED
REGIONAL ELIMINATION IN SOUTHERN ZAMBIA

Edward A. Wenger, Alexander M. Upfill-Brown, Jaline L.
Gerardin, Philip A. Eckhoff

Institute for Disease Modeling, Bellevue, WA, United States

As malaria control programs move towards regional elimination
campaigns, it will be increasingly important to understand the dynamics of
malaria transmission within and between adjacent regions with different
characteristics. Within the framework of the EMOD model, we have
constructed a network of 116 interconnected simulated populations
corresponding to the spatial distribution of households in Gwembe and
Sinazongwe districts in southern Zambia. We use a gravity model that
includes local and regional roadways to infer the relative rates of migration
between nodes. For each simulated population, we use geographically-
specific values for larval habitat, acquired immunity, ITN usage, case
management rates, drug-regimen compliance, and mass-screen-and-treat
(MSAT) coverage levels to the extent that they may be inferred from
surveillance data. Our simulations are able to reproduce the geographically
variable pattern of reduced rapid diagnostic test (RDT) detectable parasite
prevalence from 2012 to 2013. Finally, we extend this spatial-simulation
framework to predict the impact of different drug-delivery, vector-control,
and case-management parameters on the potential to sustain regions of
local elimination. When anti-malarial treatment, with both curative and
short-term prophylactic effects, is distributed regardless of RDT status,
substantial regions of the simulated geography are parasite-free within a
few years. However, sustained success almost certainly requires significant
improvements in case-management and vector-control activities.

THE MATHEMATICAL EPIDEMIOLOGY OF PLASMODIUM
VIVAX MALARIA - INSIGHTS INTO THE SLOW TIMELINE TO
ELIMINATION

Michael White

Imperial College London, London, United Kingdom

There is a rich history of using mathematical models of malaria
transmission to inform the design of programmes for the control and
elimination of Plasmodium falciparum malaria, building on the pioneering
work of Ross and MacDonald. However, the valuable lessons learned
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from these models do not always apply to P vivax due to the occurrence
of relapse infections months to years after the primary infection. These
models are extended to consider relapsing malaria using intuitive, high-
school level mathematics to illustrate the qualitative relationships between
parameters of epidemiological importance: P vivax parasite prevalence,
the basic reproduction number RO, the proportion of infections due to
relapses, and the density of Anopheles mosquitoes. These relationships are
illustrated via examples from malaria control campaigns in The Solomon
Islands, Vanuatu and Papua New Guinea where notably different trends
were observed in P vivax and P, falciparum transmission following the
introduction of vector control and mass drug administration. Evidence is
presented for three key results, and their implications are discussed with
examples from past malaria control programmes. (i) At similar parasite
prevalence, P vivax has a greater basic reproduction number than P
falciparum ensuring more stable transmission and greater difficulty in
reducing RO < 1. (i) Although vector control is effective at reducing the
transmission of all malarias, it is predicted to be approximately twice

as effective at reducing P, falciparum prevalence compared to P vivax
prevalence, depending on the expected number of relapses. (iii) In the
absence of drugs such as primaquine for preventing relapses, P vivax
elimination timelines are predicted to be substantially longer than P
falciparum timelines due to the reduced effectiveness of vector control
and the extended time to relapse infections. As a relapsing malaria, P vivax
presents a number of epidemiological challenges that must be considered
if it is to be successfully controlled and eliminated.

BREATHING MY NEIGHBOR'’S AIR: AIR POLLUTION
DISPERSION FROM BIOMASS COOKSTOVES IN MIRPUR,
DHAKA, BANGLADESH

Anne M. Weaver', Emily S. Gurley?, Christina Crabtree-Ide?,
Henrik Salje?, Eun-Hye Yoo!, Lina Mu', Nasrin Akter?, Pavani K.
Ram’

"University at Buffalo, Buffalo, NY, United States, ?International Centre
for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh, *John
Hopkins School of Public Health, Baltimore, MD, United States

Exposure to high indoor concentrations of fine particulate matter (PM2.5)
is a major risk factor for pneumonia and other respiratory disease.
Biomass cookstoves emit high concentrations of PM2.5. However, high
concentrations of PM2.5 (>1000 pg/m3) have been observed in Dhaka
homes that do not use biomass cookstoves. We aimed to describe
dispersion of PM2.5 from biomass cookstoves into nearby homes in a
low-income urban area of Dhaka, Bangladesh. We recruited 10 clusters
of homes consisting of one biomass-burning (index) home, and 3-4
neighboring homes that used electricity or kerosene cookstoves and had
no obvious major sources of PM2.5. We administered a questionnaire
and recorded physical features of all homes. We recorded PM2.5
concentrations inside each home, near each stove, and outside one
neighbor home per cluster for 24 hours; during 8 of these 24 hours, we
directly observed daily activities, such as cooking. We calculated geometric
mean PM2.5 concentrations at 5-6am (baseline), during biomass cooking
times, and during the entire monitoring period, for each monitor. We
recruited a total of 44 homes from 10 clusters. Geometric mean PM2.5
concentrations for all monitors were near the limit of detection (50 pg/
m3) at baseline. During biomass cooking in the index home, median
geometric mean PM2.5 concentrations were highest in monitors near

the biomass stove (341 pg/m3), followed by those inside the index home
(174 pg/m3), then neighbor homes that share a wall with the index home
(132 pg/m3), then neighbor homes that do not share a wall with the
index home (78 pg/m3). Biomass burning in one home can be a source of
indoor air pollution for several homes, increasing geometric mean PM2,5
concentrations to over 5 times the World Health Organization standard
of 25 pg/m3. The effect of biomass cookstoves is greatest in homes that
share a wall with a biomass-burning home. Eliminating just one biomass
cookstove can potentially improve air quality for several households in a
community.

SOLAR-POWERED OXYGEN DELIVERY

Sophie Namasopo', Andrea Conroy?, Robert Opoka?, Kevin C.
Kain?, Michael Hawkes*

'Jinja Regional Referral Hospital, Jinja, Uganda, 2University of Toronto,
Toronto, ON, Canada, *Makerere University, Kampala, Uganda, “University
of Alberta, Edmonton, AB, Canada

Hypoxemia is a grim prognostic sign in pediatric pneumonia and other
potentially lethal conditions, for which oxygen therapy may be life-saving.
In resource-limited settings, where the majority of pneumonia deaths
occur, capacity to deliver oxygen may be limited. Compressed oxygen
cylinders are subject to frequent stock-outs and oxygen concentrators
require a reliable electrical power source. Here we describe a strategy
using solar energy to drive an oxygen concentrator, a technological
innovation that could be applied in remote settings off the hydro-electric
grid. The system design consisted of commercially available products:
26x80W solar panels, a bank of 8x220Ah batteries, and a 300W oxygen
concentrator capable of delivering up to 5L/min of pure oxygen (total
cost USD$18,000). Pilot testing of the equipment indicated that the solar
panels generated a median (range) of 7.0 (3.6 to 9.0) kWh of energy
daily (47% of maximum theoretical output). Between September 2013
and February 2014, 28 critically ill patients with hypoxemia presenting to
the emergency ward at Jinja Regional Referral Hospital were treated with
solar-powered oxygen. The median (range) age was 6 months (3 months
to 3 years) and 45% were female. Common symptoms at presentation
included difficulty breathing (89%), cough (82%), fever (74%), and
inability to eat/drink (36%). At presentation, all were hypoxemic
(Sa02<90%), 74% were tachypneic, and 33% had temperature >37.5°C.
Diagnoses included pneumonia (79%), malaria (21%), and sepsis (14%).
Treatment with solar-powered oxygen increased the peripheral saturation
10 >95% in 25 patients (89%); for the remaining 3 patients, oxygenation
improved to >90%, but the patients died before recovery of lung function.
Duration of hospitalization was median (range) 3 (1-28) days. Outcomes
were as follows: 19 patients discharged without disability, 1 discharged
with sequellae (cerebral palsy), 2 transferred to another facility, and 6
(23%) died. These data demonstrate proof-of-concept that solar energy
can be used to concentrate oxygen from ambient air and oxygenate
critically ill patients with hypoxemia using unlimited and freely available
inputs, the sun and the air.

BIOMARKERS DIAGNOSE THE PATHOGEN OF FEBRILE
RESPIRATORY DISTRESS

Clarissa Valim', Yan Tan?, Rushdy Ahmad?, Miguel Lanaspa?®,
Sozinho Acécio?, Michael Gillette?, Lola Madrid?, Katherine
Almendinger?, Danny Milner', Karell Pell¢, Jaroslaw Harezlak®,
Jacob Silterra?, Pedro Alonso?®, Steve Carr?, Jill Mesirov?, Dyann
Wirth', Roger Wiegand?, Quique Bassat?

'"Harvard School of Public Health, Boston, MA, United States, 2Broad
Institute, Cambridge, MA, United States, >Barcelona Centre for
International Health Research (CRESIB), Barcelona, Spain, “Manhica Health
Research Center (CISM), Manhica, Mozambique, *Indiana University,
Indianapolis, IN, United States

Blood-markers that rapidly and accurately differentiate the bacterial,
viral or malarial etiology of febrile acute respiratory distress could
reduce the morbidity of respiratory disease, by facilitating diagnosis
and appropriate treatment. Using 56 markers measured in a multiplex
immunoassay, we sought to identify proteins and protein combinations
that could discriminate these three diagnoses. We selected 80 patients
with clinical pneumonia (according to the World Health Organization)
meeting criteria for bacterial, viral or malarial disease based on clinical,
radiographic, and laboratory criteria, including bacteria blood cultures.
Patients were subdivided into a training set (17 malaria, 20 virus, and
15 bacteria) and a validation set (10 malaria, 10 virus, and 8 bacteria).
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Markers that accurately differentiated any two of the three groups
included haptoglobin, IL-10, IL-6, and TNF-alpha. Among markers that
accurately classified bacterial disease in the training set, only haptoglobin
(AUC-ROC > 0.85 in all comparisons) performed well in the validation
set, where it misclassified only one bacterial patient. The overall
sensitivity of haptoglobin (> 0.995 mg/mL) for bacteria was 96% with

a +Likelihood-Ratio of 3. In a Classification Tree (CT) signature, TNFR2
(or equivalently IL-10) and TIMP-1 were added to haptoglobin to further
classify non-bacterial patients into malarial or viral etiologies. Signatures
based on Support Vector Machine (SVM) and regression models showed
comparable performance and included haptoglobin, IL-10, MMP9, and
CK-MB. The overall sensitivity of the CT/SVM signatures for bacteria
were 96%/91%, for malaria 81%/96%, and a total of 20%/17 % virus
patients were misclassified. Blood-proteins can constitute biomarkers for
pediatric respiratory disease amenable to deployment as rapid diagnostic
tests. These biomarkers are sensitive for the crucial diagnosis of bacterial
infection while achieving moderate to good specificities for viral and
malarial infections. These markers should allow diagnosis in malaria
endemic and non-endemic areas.

LOW-COST NON-IMAGING ULTRASOUND (LOCONIUS) FOR
PNEUMONIA DETECTION IN RESOURCE-CONSTRAINED
SETTINGS

Malena Correa', Monica J. Pajuelo’, Cynthia F. Anticona', Holger
Mayta', Franklin P. Barrientos?, Ronald B. Campos?, Benjamin
Castaneda®, Kristians Diaz?, William Checkley*, Robert H. Gilman?,
Mirko Zimic?, Richard A. Oberhelman’

"Tulane University, New Orleans, LA, United States, 2Universidad Peruana
Cayetano Heredia, Lima, Peru, *Pontificia Universidad Catdlica del Perd,
Lima, Peru, “Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD, United States

Pneumonia is the leading cause of child mortality. Its diagnosis is currently
based on chest X-rays (CXR) and clinical/laboratory criteria, which require
trained professionals and a complex infrastructure. In low-resource settings
clinical criteria are the only available resources, but these lack sensitivity
and specificity. New, simple, low-cost methods for diagnosis of pneumonia
are urgently needed. Ultrasound (US) has been increasingly used to
diagnose pneumonia in children. Although US has a high sensitivity

and specificity when compared to CXR, its major limitation is the lack

of specialists to interpret US images in resource-poor settings. The goal

of our study is to develop a specialist-independent system that uses real
time US information interpreted through mathematical algorithms for
diagnosis of pneumonia in children. Pulmonary US data were obtained
from 30 pneumonia and 30 healthy children presenting to local hospitals
in Lima, Peru. Images from US videos were processed to obtain vectors of
illumination density (10 pixels per vector) along the depth-axes (475 pixels
per image). Vectors skipping one column and corresponding to pulmonary
infiltrates on US images were classified as pneumonia as our gold
standard. 76,964 vectors were used to train and test a single layer neural
network classification system. This neural network was used to classify
38,482 vectors from images not used in developing the algorithm, with

an observed accuracy of 92% for recognizing pneumonia. The same data
were analyzed in a logistic and multinomial multiple statistical regression.
On preliminary analysis, we found 94% accuracy in the classification by
the neural network. A preliminary multiple regression model achieved a
93.5% sensitivity and 91.4% specificity, with an accuracy of classification
expressed by the area under the ROC curve of 0.97 (i.e. 97% of probability
to correctly classify a pair of random samples). We expect that further
refinement of this model will lead to an automated algorithm for
pneumonia that will permit accurate diagnoses using US in low resource
settings.

RISK FACTORS FOR SEVERE OUTCOMES AND IMPACT OF
VACCINATION ON PNEUMONIA AND INFLUENZA WITHIN
ACTIVE US MILITARY POPULATIONS 2000-2012

Michael J. Cooper
Armed Forces Health Surveillance Center, Silver Spring, MD, United States

Respiratory infections are responsible for up to 350,000 of medical
encounters each year among US military personnel. Our objective in

this study was to quantify risk factors associated with severe acute
respiratory infection (SARI) in a US Military Cohort admitted to hospital
with respiratory illness. We obtained data on 15,210 hospitalizations for
pneumonia and influenza (P&I) between 01/01/00 and 31/12/12. From
these, we identified 335 SARI episodes using standard case definitions.
We evaluated the effect of demographic and occupational characteristics,
comorbid conditions, and history of influenza vaccination on the risk of

a hospitalized P&l case becoming a SARI case. We also evaluated the

risk of SARI and the length of time since vaccination. The median age of
subjects was 22 years (range, 17-64) and subjects were predominantly
male (89.5%). Risk factors for developing SARI included age (>45 years,
RR=1.8, 95% Cl 1.2-2.7), American Indian or Alaskan Native ethnicity
(RR=3.0, 95% ClI 1.0-8.7), and service in the Air Force (RR=1.7, 95%

Cl 1.3-2.3). Being male, born in mainland US (vs outside of mainland

US) and recent vaccination (within 180 days of episode) were protective
against developing SARI. Among comorbid conditions, risk factors for SARI
included chronic liver disease (RR=5.7, 95% Cl 4.5-7.1), diabetes (RR=2.8,
95% Cl 1.7-4.6) and, immune disorders (RR=2.6, 95% Cl 1.1-6.1). Male
gender (RR=0.7, 95% Cl 0.5-0.9) and influenza vaccination (RR=0.7, 95%
€1 0.5-0.97) remained significantly protective. Our results also suggest
that the closer the vaccination was to hospitalization, the less likely the
individual was to develop SARI, with substantially reduced odds of SARI
for delays of 1 vs. 6 months). These data suggest that timing of influenza
vaccination is critical in reducing severity of P&l hospitalizations; additional
analysis of delays in vaccination may impact future military immunization
policy.

IMPACT OF INTERMITTENT PREVENTIVE TREATMENT IN
PREGNANCY WITH AZITHROMYCIN-CONTAINING REGIMENS
ON MATERNAL NASOPHARYNGEAL CARRIAGE AND
ANTIBIOTIC SENSITIVITY OF STREPTOCOCCUS PNEUMONIAE,
HEMOPHILUS INFLUENZAE AND STAPHYLOCOCCUS AUREUS
AT DELIVERY

Holger W. Unger', Celestine Aho?, Maria Ome?, Regina
Wangnapi?, Wanda Jack?, Alice Lafana?, Audrey Michael?, Sarah
Hanieh', Peter Siba?, lvo Mueller?, Andrew R. Greenhill*, Stephen
J. Rogerson'

"University of Melbourne, Melbourne, Australia, Papua New Guinea
Institute of Medlical Research, Goroka, Papua New Guinea, *Walter and
Eliza Hall Institute, Melbourne, Australia, “Federation University, Churchill,
Australia

Sulfadoxine-pyrimethamine (S/P) combined with azithromycin (AZI) has
the potential for use as intermittent preventive treatment in pregnancy
(IPTp) to prevent malaria, treat sexually transmitted infections, and reduce
low birthweight. However, the intervention may increase circulation of
antibiotic-resistant bacteria associated with severe paediatric infections.
We evaluated the effect of IPTp with S/P+AZI compared to a single course
of S/P plus chloroquine (S/P+CQ) on maternal nasopharyngeal carriage
and antibiotic susceptibility of Streptococcus pneumoniae, Haemophilus
influenzae and Staphylococcus aureus at delivery amongst 854 women
participating in a randomised controlled trial in Papua New Guinea.
Serotyping was performed, and susceptibility to azithromycin and other
antibiotics tested by disk diffusion and Etest. Potential risk factors for
carriage were examined. Significantly lower proportions of women who
received S/P+AZl had nasopharyngeal carriage of S. pneumoniae (S/
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P+AZl: 7.2% [30/418] vs S/P+CQ: 19.3% [84/436], P < 0.001) and H.
influenzae (2.9% [15/418] vs 6.0% [26/436], P = 0.028), but not S.
aureus (23.7% [99/418] vs 24.7% [105/436], P = 0.892). The number
of macrolide-resistant pneumococcal isolates was small, but increased in
the S/P+AZI group (13.3% [4/30]) compared to S/P+CQ (2.2% [2/91], P <
0.033). The proportion of S. pneumoniae isolates with serotypes covered
by the 13-valent pneumococcal conjugate vaccine was not statistically
different by IPTp arm (S/P+AZI: 10.3% [3/29] vs S/P+CQ: 17.6% [16/91],
P =0.352). Many pneumococcal isolates exhibited reduced sensitivity to
penicillin (59.5% [72/121]) and trimethroprim-sulfamethoxazole (42.1%
[51/121]), irrespective of treatment arm. Although numbers were small,
S/P+AZl increased the proportion of macrolide-resistant pneumococci,
whilst significantly reducing maternal carriage of S. pneumoniae and H.
influenzae. Future studies on S/P+AZ| should evaluate the persistence

of maternal macrolide-resistant S. pneumoniae and assess the clinical
significance of their circulation.

UNEXPECTED HIGH FREQUENCY OF VIRAL AGENTS

IN ASYMPTOMATIC CHILDREN AND LOW INFLUENZA
REPRESENTATION IN PNEUMONIA CASES AMONG CHILDREN
IN RURAL NORTH PAKISTAN

Julia M. Baker', Zeba A. Rasmussen', Assis Jahan', Asad Ali?,
Fatima Aziz?, Shahida M. Qureshi?, Uzma Bashir Aamir?, Syed Igbal
Azam?, Khalil Ahmed*, Cecile Viboud', Wladimir J. Alonso', Syed
Sohail Zahoor Zaidi?, Stacey Knobler’

'National Institutes of Health, Bethesda, MD, United States, 2Aga Khan
University, Karachi, Pakistan, *National Institute of Health, Islamabad,
Pakistan, “Karakoram International University, Gilgit, Pakistan

Pneumonia is a major cause of child mortality and morbidity in developing
countries; the contribution and dynamics of various viral pathogens

is not clear, affecting the implementation of optimal prevention and
treatment strategies. Oshikhandass, a rural village in NE Pakistan,

was previously studied from 1989-1996, when pneumonia was the

main cause of mortality in children <5 years (disease incidence 44/100
child years). This study was repeated (after HIB vaccine introduction)

with weekly surveillance of children <5 from Apr. 2012-Mar. 2014 to
determine changes in epidemiology and describe the frequency of viral
agents in nasopharyngeal swabs. PCR from Apr. 2012-Nov. 2013 used
the Luminex® platform to detect 20 viruses (RSV, influenza, enterovirus/
rhinovirus, parainfluenza, adenovirus, corona virus, metapneumovirus,
bocavirus), while the Tagman® method was used Dec. 2013-Mar.

2014 to detect 4 viruses (RSV, influenza). From Feb. 2013, age, sex and
neighborhood matched controls with no respiratory symptoms were
added to the study. On average, 809 children were followed monthly
with 238 pneumonia episodes detected (14.7/100 child years, average
age 22.5 months). Pneumonia incidence was highest during winter
months with significant variation between the 2012-13 and 2013-14
winters (54.6 and 10.1 episodes/100 child years, respectively). Among

all 232 cases tested, 77% had a detectable virus. Detection rates were
(cases/controls): RSV 25.0/15.6, influenza 3.4/1.6, enterovirus/rhinovirus
70.3/41.9, parainfluenza 8.8/7.0, adenovirus 4.4/9.3, corona virus 1.1/4.7,
metapneumovirus 1.1/0.0, bocavirus 3.3/2.3. Unexpected findings
include: 1) a substantial portion (54.7%) of asymptomatic children carried
viruses, only slightly below the rate for their matched counterparts with
pneumonia (69.0%); 2) the low prevalence of influenza viruses despite
high sensitivity of the assay used. Further investigation on severity of
disease is underway, but it seems that public health interventions aiming
to reduce pneumonia burden should not focus on influenza vaccination as
a priority.

SCHISTOSOMIASIS HAEMATOBIA AND INFERTILITY IN
COAST PROVINCE, KENYA

Sarah C. Miller-Fellows, Vanessa Hildebrand, Jennifer Furin,
Charles H. King

Case Western Reserve University, Cleveland, OH, United States

We examined reproductive patterns, cultural practices surrounding
reproduction, and the potential effects of childhood urogenital
Schistosoma haematobium infection and treatment on adult subfertility
among women in Coast Province, Kenya. Previous research has
documented an increased risk of subfertility in areas of sub-Saharan

Africa due to high rates of pelvic infection, as well as an ecological
association between urogenital schistosomiasis prevalence and decreased
fertility. This project analyzed findings from 162 interviews with women

of childbearing age in a rural, coastal community, linking them to their
individual treatment records from a previous 30+ year longitudinal

study of parasitic infections. Both quantitative and qualitative findings
were included. Reproductive histories suggested a much higher rate of
subfertility (43.8%) than worldwide averages (8-12%). Qualitative analysis
regarding reproductive practices demonstrated a high saturation of

public health messages regarding proper pregnancy care, co-existing with
continuing ethnomedical beliefs. Although no significant relationship was
demonstrated between Schistosoma infection history and adult subfertility
due to the high regional prevalence of schistosomiasis, significant
associations were found between age at first treatment and fertility in
adulthood, with those treated before age 21 less likely to have subfertility
(p=0.001). The high subfertility rate documented in this study suggests the
importance of public health programs to prevent and treat pelvic infections
in their early stages to prevent reproductive tract damage. The qualitative
findings suggest the successful saturation of some public health messages
regarding pregnancy care, such as the importance of sleeping under
bednets in malaria-endemic regions. However, other messages, such as
the importance of seeking prenatal care, were less frequently mentioned.
Finally, the findings suggesting the importance of early treatment to
prevent the fertility-damaging effects of urogenital schistosomiasis

lend further support for programs for universal treatment of children in
endemic regions.

THE IMPACT OF PRAZIQUANTEL GIVEN AT 12-16 WEEKS
GESTATION ON PREGNANCY OUTCOMES: RESULTS OF A
DOUBLE BLIND, PLACEBO CONTROLLED TRIAL

Jennifer F. Friedman', Luz P. Acosta?, Palmera Baltazar?, Veronica
Tallo?, Emily A. McDonald', Haiwei Wu', Sunthorn Pond-Tor!, Nora
L. Watson?, Jonathan D. Kurtis', Remigio M. Olveda?

'Center for International Health Research, Lifespan Hospital, Providence,
RI, United States, ?Research Institute of Tropical Medicine, Manila,
Philippines, °The EMMIES Corporation, Rockville, MD, United States

Praziquantel was released in 1979, but was never studied in pregnant

or lactating women, necessitating its designation as an FDA Pregnancy
Class B drug. Given this, and the lack of well-controlled trials evaluating
its safety and efficacy in this population, pregnant and lactating women
are excluded from treatment programs in many countries where
schistosomiasis is endemic. In 2002, based on post-market experience and
a concern that Praziquantel would never be formally evaluated in human
pregnancy, a WHO informal conference concluded that all schistosomiasis
infected pregnant and lactating women should be considered a high-risk
group and be offered treatment. Though many nations, particularly in
sub-Saharan Africa, adopted this approach, many continue to withold
treatment pending more data on safety and efficacy. The objectives of
this randomized, double blind placebo controlled trial were to evaluate
the safety and efficacy of Praziquantel given to pregnant women infected
with S. japonicum at 12-16 weeks gestation. Women were enrolled

into the study if they provided informed consent and were over age
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18, infected with S. japonicum, otherwise healthy, and pregnant at 12-
16 weeks gestation. Women (N=380) were enrolled and treated with
overencapsulated Praziquantel (60 mg/kg in split dose) or placebo and
admitted for 24 hours. The following efficacy outcomes were ascertained:
birthweight (primary), maternal hemoglobin and iron status at 32 weeks
gestation, maternal gestational weight gain, newborn hemoglobin and
birth weight. In addition, safety data were collected including toxicology
pre and post dosing, abortion and miscarriage rates, and congenital
anomalies. Though all analyses for these efficacy and safety outcomes are
complete and data locked, we cannot report these until pharmacokinetic
studies are completed (expected summer of 2014). We will present the
impact of treatment on the aforementioned outcomes. Results from this
trial will provide important data from a well controlled study to inform
policies regarding treatment of this high risk group.

IMPACT OF SCHISTOSOMIASIS AND SOIL TRANSMITTED
HELMINTHS ON VACCINE-INDUCED IMMUNE RESPONSES

Diana K. Riner', Emmy Kavere?, Eric M. Ndombi?, Nupur Kittur?,
W. Evan Secor?, Diana Karanja?, Daniel G. Colley!

"University of Georgia, Athens, GA, United States, ?’Kenya Medical
Research Institute, Kisumu, Kenya, *Centers for Disease Control and
Prevention, Atlanta, GA, United States

In light of recent global health initiatives to increase vaccine rates for the
world’s most vulnerable populations, there is an urgent need to address
the issue of vaccine efficacy in populations where helminth infection

rates are high. Helminths such as schistosomes are remarkable in their
ability to modulate host immune responses, which helps to promote their
survival. Immunoregulation begins early in schistosome infection and

is characterized by hyporesponsiveness to parasite antigens and other
bystander antigens, suggesting that a schistosome infection at the time of
vaccination could negatively impact the induction of a protective response
to the vaccine. To investigate the impact that concurrent helminth
infection might have on how individuals respond to vaccine antigens,

we recruited participants from Kisumu Polytechnic College in Kisumu
County, western Kenya. At study enrollment participants were screened
for schistosomiasis and soil transmitted helminths (STHs) and assigned to
a group based on helminth status. The vaccines were then administered:
tetanus toxoid (single dose), hepatitis B (doses at 0, 1 and 6 months),

and meningococcus A+C (doses at 0 and 2 months). Helminth infections
were treated a week after the second hepatitis B boost. A baseline blood
draw, a blood draw 2 months after the start of vaccinations and 2 months
after the final hepatitis B boost were obtained for evaluation of humoral
and cellular immune responses to the vaccine antigens. CD3+/CD4+/
CD25high T regulatory cell levels were also determined at each time

point to assess their impact on vaccine responsiveness. Preliminary data
analysis shows that participants with schistosomiasis had significantly
higher proportions of circulating CD3+/CD4+/CD25high T regulatory cells
compared to uninfected controls at baseline. At the second blood draw

a week after treatment, CD3+/CD4+/CD25high T regulatory cell levels in
the schistosomiasis group were significantly elevated compared to baseline
levels.

EVALUATION OF ORGANOMEGALY AND OTHER
MORBIDITIES FOLLOWING TWO ROUNDS OF PRAZIQUANTEL
MASS DRUG ADMINISTRATION AMONG KENYAN SCHOOL
CHILDREN. THE SCORE PROJECT

Isaac Onkanga

KEMRI-Centers for Disease Control and Prevention, Kisumu, Kenya

One of the goals of schistosomiasis control among school age children is
to reduce morbidity. However, monitoring and evaluation of the impact
of deworming projects usually is limited to parasitological outcomes as
there are not well defined markers of schistosomiasis morbidity other

than for persons with severe hepatosplenic disease. In a subset of a
larger study comparing mass drug administration approaches in school
children, we measured organomegaly and anemia at baseline and after
two years to determine whether praziquantel treatment approaches
made a difference in morbidity outcomes. Children from 12 schools

were enrolled; children from 6 of the schools received school-based
treatment (SBT) once after baseline assessment while children from the
other 6 schools lived in villages that received community-wide treatment
(CWT) once a year. Children were examined for Schistosoma mansoni
infection using the Kato-Katz method, venous blood was collected to test
for malaria parasites and hemoglobin levels, and abdominal ultrasound
was performed by a trained ultra-sonographer. The differences between
baseline and follow up schistosomiasis prevalence and intensity were

not significant for either SBT or CWT schools, or between the treatment
approaches. However, ultrasound-detected liver pathology (P< 0.001)
and anemia (P< 0.001) were significantly higher at the 2 year follow up
for both groups, as was the percent of students with malaria infection
(P<0.001). Because anemia and the type of liver pathology we detected
are both associated with malaria, we believe that the increased morbidity
that we observed at follow-up was likely due to the increased malaria and
could have masked any benefits of the schistosomiasis treatments. Our
results indicate a need for continued monitoring of morbidity markers

in deworming projects, including assessment of co-infecting organisms
that can affect morbidity, to determine the best intervention strategies to
control S. mansoni infection as a public health problem among school age
children.

GLYCAN MICROARRAY-ASSISTED ANALYSIS OF ANTI-
GLYCAN ANTIBODY RESPONSES UPON INFECTION OR
VACCINATION WITH SCHISTOSOMA MANSONI

Cornelis H. Hokke', Linh Nguyen', Cornelis H. Smit, Alan
Wilson?, David W. Dunne?, Angela van Diepen'

'Leiden University Medical Center, Leiden, Netherlands, 2University of
York, York, United Kingdom, *University of Cambridge, Cambridge, United
Kingdom

Schistosomiasis is a chronic and potentially deadly parasitic disease that
affects millions of people in (sub)tropical areas. Immunity to Schistosoma
can be acquired, but this takes many years of exposure, multiple infections
and treatments, and maturation of the immune system. Most antibodies
generated are directed against the numerous schistosome glycans, but
the precise structure of the glycan antigens and the relation to immunity
are poorly understood. Anti-glycan antibodies can be studied efficiently
using glycan microarrays. We have generated a microarray containing
hundreds of naturally occurring glycans isolated from different life stages
of S. mansoni. To study the specificity and nature of anti-glycan antibodies
in schistosomiasis, we have applied this microarray to the analysis of
anti-glycan IgG and IgM in sera from different age groups within an S.
mansoni-endemic community in Uganda. The most intense IgG responses
are against highly fucosylated glycans associated with cercarial and egg
glycoproteins and glycolipids. We observed age-dependent differences

in anti-glycan responses, especially when considering changes induced

by treatment with PZQ. Also within age groups we observed differences
between groups with high and low infection intensities. In addition we
have used sera from baboons protected against challenge infection after
vaccination with irradiated S. mansoni cercariae to study longitudinally
the development of anti-glycan responses. The strong responses against
cercarial lipid-derived glycans as well as cercarial O-glycans are gradually
induced by repeated vaccination raising the question if these responses
contribute to the high level of protection observed in the vaccinated
baboons. Shotgun glycan microarrays allow the definition of groups of
schistosome-infected individuals as well as glycan element clusters to
which antibody responses are generated in different cohorts and settings.
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MULTIPLEX SEROLOGICAL ASSESSMENT OF
SCHISTOSOMIASIS IN MBITA DISTRICT, WESTERN KENYA

Kimberly Won', Henry Kanyi?, Faith Mwende?, Ryan Wiegand',
E. Brook Goodhew!', Jeffrey Priest!, Yeuk-Mui Lee', Sammy
Njenga?, W. Evan Secor', Patrick Lammie’, Maurice Odiere3

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

Schistosomiasis control programs centered on mass drug administration
(MDA) reduce parasite prevalence and morbidity in treated individuals.
Currently, program impact in areas endemic for Schistosoma mansoni

is measured primarily by assessing changes in infection prevalence

and intensity as measured by stool examination. Antibody-based tests
potentially have an advantage over currently used antigen-based tests, and
a newly developed multiplex bead assay allows for the analysis of multiple
antigens at one time. A total of 935 serum samples collected from
individuals (1-85 years) living in communities on the shores of Lake Victoria
in western Kenya were tested for antibody responses to 36 antigens,
including two Schistosoma spp. antigens (soluble egg (SEA); adult worm
microsomal (Sm25)). Stool and serum samples were collected at three
time points: May-July 2012; December 2012; May-July 2013. One MDA
was conducted in August 2012. Parasitological data were available for
916 (98.0%) of the samples. Overall prevalence of S. mansoni at baseline
was 35.6% by stool examination, and modestly decreased to 29.6% 9-11
months after MDA with praziquantel. However, intensity of infection
significantly decreased after treatment (p=0.005), and importantly, heavy
intensity infections decreased from 16.1% to 7.5% (p<0.05). Antibody
responses to both SEA and Sm25 were associated with age (p<0.001),
and older individuals were more likely to have higher antibody responses
than children under five years. Antibody responses to both antigens

were significantly associated with intensity of infection, with responses
increasing as egg burdens increased (p<0.001). Overall responses to Sm25
significantly decreased after one round of MDA (p<0.001). The observed
decrease in Sm25 response after treatment has not been previously
reported. Additional samples from this study area will be tested to further
evaluate this observation. Detection of antibodies to Sm25 or other
defined antigens have the potential to be a useful tool for monitoring the
impact of schistosomiasis treatment programs.

THE ADIPOSE TISSUE DERIVED STEM CELLS (ASC) CHANGED
THE ACTIVATION PROFILE OF IMMUNE SYSTEM CELLS IN
SCHISTOSOMA MANSONI ACUTE INFECTION

Adriana Bozzi', Ana Thereza Chaves?, Kelly Alves Bicalho3, Dirli
Emerick Eller’, Lorena de Cassia Ferraz', Carlos Eduardo Calzavara-
Silva', Andrea Teixeira Carvalho', Olindo Assis Filho!, Alfredo
Miranda Goes?, Rodrigo Correa-Oliveira’

'Centro de pesquisas René Rachou/FIOCRUZ-MG, Belo Horizonte,
Brazil, ?Universidade Federal de Minas Gerais, Belo Horizonte, Brazil,
3Universidade Federal de Ouro Preto, Belo Horizonte, Brazil

Mesenchymal stem cells (MSC) have the ability of self-renewal and
differentiation into various mesodermal cell lineages. Recently, it has been
observed that MSC have potent anti-proliferative and anti-inflammatory
effects in autoimmune and inflammatory diseases as a new strategy

for immunosuppression. The control of inflammation in infectious and
parasitic diseases by MSC was not evaluated so far. The present study
aimed to evaluate if the adipose tissue derived stem cells (ASC) could be
able to regulate the inflammation in an experimental acute Schistosoma
mansoni-infection model by immune system activation analysis. The ASC
were isolated from C57BL/6 mice, expanded in vitro and characterized
phenotypic and functionally. These cells were injected by the tail vein
into C57BL/6 mice (n=5) in two, four, six and eight weeks post-infection
with S. mansoni. Fifteen and thirty days after the ASC injection, the
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splenocytes were obtained and lymphocytes activation evaluated by the
expression of CD25, CD69, CD28 and CTLA-4 molecules. The IL-2, IFN-y,
TNF-, IL-17, IL-4, IL-6 and IL-10 cytokine levels were measured in the
serum blood by flow cytometry. The results showed a decrease (p<0.05)
in TCD4+ regulation as determined by CD25, CD69 and CTLA-4, mainly
six weeks post-infection and after fifteen or thirty days post-injection of
ASC. Interesting, the cytokines analysis revealed a different profile in the
IL-2 and IL-4 levels. Both cytokines showed significant levels after eight
weeks post-infection and fifteen days post-injection of ASC. In conclusion,
our results shows that the ASC can modulate the immune response in S.
mansoni, mainly after six weeks post-infection, and suggest that ASC can
be evaluated for the control of the granulomatous reaction in this disease.

ESTIMATING ACCURACY OF PARTICIPANT RECALL
FOLLOWING AN INTEGRATED MASS DRUG
ADMINISTRATION FOR NEGLECTED TROPICAL DISEASES

Alaine K. Knipes', Salissou Adamou Bathiri?, Mawuli Nyaku',
Gina Chapleau’, Els Mathieu’

"Centers for Disease Control and Prevention, Atlanta, GA, United States,
’Ministry of Health, Niamey, Niger

Coverage Surveys (CS) assess quality of implementation of mass drug
administration (MDA) and provide feedback for ministries of health and
drug donation programs. CS independently determine if individuals in
targeted areas received medication during previous MDA, and rely on
individuals’ correct recall of medications taken. As neglected tropical
disease programs integrate, multiple medications may be offered during
MDA, potentially diminishing the strength of CS as a tool. We assessed
individuals” ability to recall multiple medications received in integrated
MDA, over time. Niger's 2012 MDA distributed ivermectin (IVM),
albendazole (ALB), praziquantel (PZQ), and azithromycin (AZM) to eligible
individuals. During MDA, observers accompanied distributors and created
a Gold Standard Register (GSR), independent from the distributor register.
All persons living in households in villages were registered, and it was
noted whether or not they took medications, regardless of their eligibility.
Households were systematically selected to be revisited for CS at 2, 6, or
12-months post-MDA. During CS, respondents were shown pills. During
CS, surveyors and respondents were blinded to MDA register responses.
Of 4423 individuals registered from 806 households at GSR, 3455 (78.1%)
responded at CS. Response rate at 2, 6, and 12-months post-MDA was
84.4%, 80.7%, and 68.3%, respectively. At GSR, 93.9% (3243 of 3455)
ingested one or more medications, while 93.5%, 93.5%, 88.7%, and
91.2%, ingested IVM, ALB, AZM, and PZQ respectively. At CS, 95.1%
(3287 of 3455)recalled having ingested one or more medications, while
86.2%, 88.7%, 89.0%, and 82.0%, recalled ingesting IVM, ALB, AZM,
and PZQ, respectively. IVM concordance (% agreement between GSR and
CS) at 2, 6, and 12-months post-MDA was 82.1% (95% Cl: 79.1-85.1%),
86.6% (Cl 83.6-89.6%), and 80.8% (Cl 77.2-84.4%), respectively.

ALB concordance at 2, 6, and 12-months was 85.2% (Cl 82.5-87.9%),
87.3% (Cl 84.5-90.0%), and 85.0% (CI 81.8-88.3%), respectively.

AZM concordance at 2, 6, and 12-months was 79.9% (Cl 76.7-83.2%),
82.9% (C1 79.2-86.5%), and 82.5% (Cl 79.2-85.8%), respectively. PZQ,
concordance at 2, 6, and 12-months was 74.5% (Cl 70.9-78.2%), 82.6%
(C1'79.6-85.7%), and 80.3% (CI 77.0-83.6%), respectively. CS correctly
measured overall MDA coverage, though it is less reliable for drug-specific
coverage. We confirm the strength of CS as an MDA evaluation tool.
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THE SOCIO-ECONOMIC IMPACT OF CONTROL OR
ELIMINATION OF FIVE NEGLECTED TROPICAL DISEASES

Edeltraud J. Lenk’, Marianne Luyendijk', Ken Redekop’, Rian
Rijnsburger’, Wilma A. Stolk?, Sake J. de Vlas?, Jan Hendrik
Richardus?, Johan L. Severens’

'Institute of Health Policy and Management, Rotterdam, Netherlands,
2Erasmus MC, Rotterdam, Netherlands

There is renewed commitment to control and eliminate neglected

tropical diseases (NTDs) as defined by the WHO and endorsed by the
London Declaration. We estimated the economic impact of meeting

the targets for the five diseases eligible for mass drug administration:
lymphatic filariasis, onchocerciasis, schistosomiasis, soil-transmitted
helminthiasis, and trachoma. We performed a systematic literature review
to identify information on costs related to the diseases or related health
outcomes, considering out of pocket payments (OPP), productivity loss,
and impoverishment. Cost estimates per person were combined with
projections of the number of people suffering from clinical manifestations
per NTD, country, and year, for the periods 2011-2020 and 2021-

2030, comparing the ideal scenario in which the targets are met with

a counterfactual scenario (assuming that the prevalence (%) of clinical
manifestations remains constant at its pre-control level). The averted
burden is calculated as the difference between the two scenarios. The
limited information available on the costs of illness shows that the
productivity loss associated with clinical manifestations are about 3% for
infestation and mild symptoms, about 15% for more severe manifestations
like lymphedema and hydrocele, and as high as 38% and 79% for severe
vision loss and blindness. The total productivity costs averted globally by
reaching the goals for the five above-mentioned diseases may amount

to US$240 billion in the period 2011-2020 and US$390 billion in the
period 2021-2030, even excluding OPPs as well as productivity loss due
to premature mortality. Soil-transmitted helminthiasis accounted for
approximately half of this amount. There is considerable uncertainty in
these estimates because of scarce literature. Nevertheless, even with
conservative assumptions, the averted costs of achieving the London
Declaration targets are high. Results will be discussed with respect to the
impact on poverty.

SHOULD SCHOOL BASED DEWORMING BE SUBSIDIZED?
LONG RUN EVIDENCE FROM A RANDOMIZED CONTROL
TRIAL IN KENYA

Sarah Baird', Joan Hamory Hicks?, Michael Kremer?, Edward
Miguel?

'Milken Institute School of Public Health, Washington, DC, United States,
2University of California Berkeley, Berkeley, CA, United States, *Harvard
University, Boston, MA, United States

Recent research suggests that preventative and non-acute health
investment in the developing world are often highly responsive to
subsidies, but what level of subsidy should governments provide? Using
data from a deworming randomized control trial in Kenya this paper
shows that by combining data on take up elasticities with data on labor
market impacts and tax rates one can establish the optimal subsidy. To
derive this optimal subsidy we first develop a framework where individuals
may generate a positive fiscal externality, through consumption or labor
income tax, by investing in human capital. Applying this framework to
the case of deworming in Kenya, we find that fully subsidizing child
deworming raised adult earnings generating sufficient future gains in
government revenue to make possible Pareto improving reductions in tax
rates. Consistent with previous reports, we estimate differing labor market
impacts of child health investments by gender. Ten years after the start of
the deworming program, men who were eligible to participate as boys
work 3.5 more hours each week, spend more time in entrepreneurship,
are more likely to hold manufacturing jobs with higher wage earnings,

and have higher living standards. Women, who were eligible as girls, have
better educational outcomes, are more likely to grow cash crops, and
reallocate labor time from agriculture to entrepreneurship. These results
suggest that health interventions that are too late in life to affect cognition
or height can still have long-run impacts on labor market outcomes by
affecting the amount of time people spend in school or work.

THE IMPACT OF MASS DRUG ADMINISTRATION WITH
ALBENDAZOLE ALONE ON LYMPHATIC FILARIASIS IN THE
REPUBLIC OF CONGO

Sebastien D. Pion', Cédric B. Chesnais’, Jean Bopda?, Frédéric
Louya®, Andrew C. Majewski*, Peter U. Fischer®, Gary J. Weil*,
Michel Boussinesq', Francois Missamou?

'Institut de recherche pour le Développement, Montpellier, France, ?Center
for Research on Filariasis and Other Tropical Diseases, Yaoundé, Cameroon,
3Programme National de Lutte contre I'Onchocercose, Brazzaville, Republic
of the Congo, “Infectious Diseases Division, Department of Internal
Medicine, St. Louis, MO, United States

Implementation of mass drug administration (MDA) with ivermectin plus
albendazole (Alb) for lymphatic filariasis (LF) has been delayed in Central
Africa, because ivermectin sometimes causes severe adverse events in
people with very high Loa loa microfilaremia (Mf). Albendazole has activity
against Wuchereria bancrofti, and it is safe for use in patients with loiasis,
and WHO has recently recommended use of Alb MDA together with
vector control for control of LF in areas with co-endemic loiasis. We are
presenting early results from a planned 3-year community trial that is
assessing the impact of MDA with Alb on LF in a village of the Republic

of Congo. Baseline results (September 2012) from 773 subjects revealed

a filarial antigenemia rate of 17.3% (ICT) and a Mf rate of 5.3% (140 pl
night blood smear). The population was offered 400 mg of Alb at baseline
and 6 months later. Therapeutic coverage for the population > 2 years

of age was ~ 85%. A second cross-sectional evaluation at 12 months

(741 tested) showed that Alb MDA had not yet reduced ICT or Mf rates

in the community (16.6 and 4.2%); however, Mf counts in Mf-positive
subjects were reduced by 60% (geometric mean reduced from 199.4

to 79.6 Mf/ml, P = 0.01). The effect of Alb was more dramatic in those

38 people who were Mf positive at baseline and retested at 12 months:
37% had total Mf clearance, and Mf counts in those with >10 Mf/ml

at baseline were reduced in average by 82.1% (range: 4.3-100%). In
addition, ICT scores (a semi-quantitative measure of filarial antigenemia)
were also reduced after Alb MDA. MDA also dramatically reduced the
hookworm infection rate from 6.5% to 0.6%, with less impressive effects
on Ascaris and Trichuris. These preliminary results suggest that semiannual
community MDA with Alb is a useful tool for control of LF and STH that

is feasible for use in areas where loiasis is co-endemic. Evaluation at 24
months is planned for October 2014.

COST-EFFECTIVENESS OF COMMUNITY-WIDE, INTEGRATED
PREVENTIVE CHEMOTHERAPY FOR SCHISTOSOMIASIS AND
SOIL-TRANSMITTED HELMINTHS

Nathan C. Lo’, Isaac I. Bogoch?, Brian G. Blackburn', Eliézer K.
N’'Goran?, Giovanna Raso?, Jurg Utzinger4, Jason R. Andrews'

'Stanford University School of Medicine, Stanford, CA, United States,
2University of Toronto, Toronto, ON, Canada, 3Unité de Formation et de
Recherche Biosciences, Abidjan, Céte D’Ivoire, “Swiss Tropical and Public
Health Institute, Basel, Switzerland

World Health Organization (WHO) recommendations for preventive
chemotherapy against helminth infections emphasize treatment of school-
age children. We aimed to evaluate the cost-effectiveness of expanding
integrated preventive chemotherapy to adults in high-burden settings. We
developed a dynamic, age-structured transmission and cost-effectiveness
model that simulates integrated preventive chemotherapy programs
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for schistosomiasis and soil-transmitted helminths (STH). We utilized

data on prevalence and intensity of infection with Schistosoma mansoni
and STH from surveys in Cote d'lvoire, and simulated a community of
15,000 children and adults. Transmission parameters were calibrated
according to prevalence and dispersion of each worm. We simulated

drug administration with praziquantel+albendazole among: (i) school-
age children only or (ii) school-age children and adults. We assumed

75% coverage for the intervention. Treatment costs for a child and adult
were estimated at US$1.09 and US$1.94, respectively. The incremental
cost-effectiveness ratio (ICER) was calculated in 2014 US$ per disability-
adjusted life year (DALY) averted, comparing expanded treatment of both
child and adult populations against current WHO guidelines that target
children alone. We defined strategies as highly cost-effective if the ICER
was less than the GDP per capita of Cote d'Ivoire (US$1,244 in 2014). An
integrated preventive chemotherapy program for schistosomiasis and STH
was highly cost-effective in treatment of children alone (ICER: US$620/
DALY averted) compared to no treatment. Expanded coverage of both
children and adults (ICER: US$653/DALY averted) was highly cost-effective
compared to treatment of children alone, and remained highly cost-
effective even if treatment costs for adults were 4-fold greater than school-
based strategies. Expanded treatment of adults yielded a 50% increase in
DALYs averted for children, suggesting that treating adults can lower the
prevalence and infection intensity in children. Integrated, community-wide
preventive chemotherapy programs for schistosomiasis and STHs may be
highly cost-effective. These results support re-evaluating global guidelines
for helminth control programs and possibly expanding coverage to adults.

SOCIOECONOMIC INEQUALITIES IN THE BURDEN OF
NEGLECTED TROPICAL DISEASES

Margarete C. Kulik, Tanja A. Houweling, Henrike E. Karim-Kos,
Wilma Stolk, Jan Hendrik Richardus, Sake de Vlas

ErasmusMC University Medical Center Rotterdam, Rotterdam, Netherlands

It is generally assumed that neglected tropical diseases (NTDs) are
concentrated in poor populations, but evidence remains scattered. We
describe between and within country poor-rich inequalities in burdens of
London Declaration NTDs, including NTDs controlled through preventive
chemotherapy (onchocerciasis, blinding trachoma, lymphatic filariasis,
schistosomiasis, soil-transmitted helminths (STH)) and those controlled
through intensified disease management (Chagas disease, leprosy, visceral
leishmaniasis, human african trypanosomiasis (HAT)). First, using data from
the global burden of disease 2010 study, we examined to which extent
each NTD is concentrated in low and lower-middle income countries
based on Gross National Income per capita. Second, we conducted a
systematic literature review on the socioeconomic distribution of NTD
prevalence within countries, including publications between 2004 and
2013. The vast majority (84-100%) of the global burden of each NTD in
2010 is concentrated in low and lower-middle income countries, with

the exception of STH (63% of the global burden) and Chagas disease
(8%). The concentration in low income countries is strongest for HAT
(92% of the global burden), followed by onchocerciasis (55%) and
schistosomiasis (45%). For many NTDs the burden per 100.000 population
has declined since 1990, but low income countries have benefitted less
than lower-middle and upper-middle income countries from control
initiatives. Evidence on the socioeconomic distribution of NTD prevalence
within countries is scarce for some NTDs like onchocerciasis and HAT,

but more readily available for schistosomiasis and STH. Most studies
report a gradient in NTD prevalence, with highest prevalence among
lower socioeconomic groups. The magnitude of inequalities varies, but
often prevalence is at least twice as high in lower compared with higher
socioeconomic groups. Future NTD control as pursued by the London
Declaration will benefit the poorest countries and within these countries
the poorest populations.

AN INTEGRATED SENTINEL SITES APPROACH TO
EVALUATING THE IMPACT OF MASS DRUG ADMINISTRATION
ON NEGLECTED TROPICAL DISEASES

Mawuli Nyaku', Alaine K. Knipes', Naomi Drexler', Roland
Bougma?, Benjamin Nwobi®, Adams Valian?, Sunday Isiyaku?, Aliyu
Mohammed Jabo®, Els Mathieu'

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
’Ministry of Health, Ouagadougou, Burkina Faso, *Federal Ministry of
Health, Abuja, Nigeria, *Sight Savers, Kaduna, Nigeria, *Sokoto State Eye
Care Programme, Sokoto, Nigeria

Preventative chemotherapy for the Neglected Tropical Diseases (NTDs)

is provided through mass drug administrations (MDA). Although the
interventions for different NTDs are often integrated, the protocols to
evaluate MDA impact are disease specific. We field-tested an integrated
impact survey to evaluate feasibility and determine if this low resource
method could be used by the trachoma program to decide when to
conduct their more resource-intensive impact surveys. We validated

the trachoma data with the WHO recommended cluster survey. Impact
evaluations were conducted in Gwadabawa district, Nigeria and D6
district, Burkina Faso (BF). We implemented sentinel sites over a 3-year
period as currently done by the lymphatic filariasis (LF) program but
added schistosomiasis and soil-transmitted helminthes (STH). Four sites
per district were selected based on NTD prevalence and geographic
representativeness. In each district, 2000 children aged 1-9 years in 4
sites were clinically examined for signs of trachoma using Trachomatous
Inflammation - Follicular prevalence (TF) as indicator. In addition, 1600
children (80 per cluster, aged 1-9 years) were examined using the WHO
cluster survey method. In Nigeria, TF in year 1 was 29.8%, 14.3%, 21.0%,
and 16.3% per site, and cluster survey prevalence was 16.4% [95% Cl:
14.8-18.0]; for year 2, TF was 4.75%, 9.25%, 6.00%, and 8.75% and
10.9% [95% Cl: 9.5-12.5]; for year 3, TF was 10.0%, 16.0%, 9.0% and
15.0%, and 17.2% [95% Cl: 14.8-19.7]. In BF, TF in year 1 was 9.6%,
10.2%, 15.2% and 7.9%, and cluster survey prevalence was 5.9% [95%
Cl: 3.8-7.6]; for year 2, TF was 1.6%, 2.6%, 5.0%, and 1.4% and 1.6%
[95% Cl: 0.0-3.71]; for year 3 TF was 0.8%, 3.0%, 2.8%, and 0.8%,
and 1.8% [95% Cl: 0.0-3.9]. Schistosomiasis prevalence for sites in BF

in year 1 was 0.3%, 0.0%, 0.0%, and 0.0%; for year 2, 0.3%, 0.0%,
0.0%, and 0.0%; for year 3, 0.0% in all sites. STH prevalence for sites in
BF in year 1 was 0.0%, 0.0%, 0.0%, and 0.3%; for year 2, 0.3%, 0.0%,
0.3%, and 0.0%; for year 3, 0.7%, 0.3%, 2.3%, and 0.3%. LF prevalence
for sites in BF in year 1 was 0.0% in all sites and in year 3, 0.3%, 0.0%,
0.5%, and 0.0%. We conclude that integrated sentinel sites are feasible.
Prevalence trends between sentinel sites and trachoma cluster surveys

in both countries indicated that using sites might be a reliable indicator
to determine when the prevalence is low enough to conduct the WHO
recommended cluster survey.

CAN WE IGNORE THE INFORMAL PROVIDERS FOR THE
TREATMENT OF CHILD DISEASES IN INDIA?

Camille A. Saade’, Saikat Mukhopadhyay?, Elizabeth Cohen'
'FHI 360, Washington, DC, United States, ?FHI 360 India, Delhi, India

Diarrhea is one of the two leading child killers in India. When asked
about care seeking behavior for a child with diarrhea, 83% of caregivers
in Uttar Pradesh, India, reported going to a private “doctor”. Due to the
dearth of qualified health providers in rural India, the private doctor (called
Rural Health Provider — RHP) is generally an unqualified provider who
nevertheless, has gained the trust of the community. Childhood diarrhea
is optimally treated through a short course of ORS and zinc. However, the
RHP routinely dispenses unnecessary antidiarrheals and antibiotics. Under
the Diarrhea Alleviation through ORS and Zinc (DAZT) project, FHI 360
partnered with local NGOs to identify the RHPs and educate them on the
improved treatment of diarrhea through ORS and zinc. The trained NGO
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health worker, emulating the marketing strategy of the pharmaceutical
industry, repeatedly visited the RHP to provide him with the benefits of
ORS and zinc treatment. The partners initially listed 27 000 RHPs and drug
sellers in 12 districts representing a population of 34 million people. After
categorizing the RHPs according to their work load and potential, the list
was reduced to 22 000 RHPs. A tracking study in August 2013 showed
that 54% of RHPs dispensed ORS and zinc treatment from a baseline of
23% ORS use and 1% zinc use in 2010. With the increasing demand for
ORS and zinc, the pharmaceutical companies became motivated to supply
to the rural areas. The market became large enough to attract several
companies who are maintaining the demand and providing uninterrupted
supply to the RHPs. As a sign of a sustainable market, 42 brands of zinc
were inventoried in the area of intervention, up from seven at the start

of the intervention three years ago. Changing RHPs' treating behaviors
towards rational treatment of critical childhood diseases shows potential
to improve health outcomes. This simple approach could be replicated

for other MNCH interventions in an integrated way aiming at reducing
maternal, newborn and child mortality.

PREVALENCE OF ANEMIA AND FACTORS ASSOCIATED
WITH SEVERE ANEMIA AMONG UNDER FIVE CHILDREN
ADMITTED AT BUGANDO MEDICAL CENTRE, MWANZA,
NORTHWESTERN TANZANIA

Rehema H. Simbauranga

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

Anemia is a major public health problem in developing countries,
contributing significantly to morbidity and mortality among under-

fives. About 43% of under-fives are anemic worldwide, and two-thirds
reside in Sub Saharan Africa. Even where blood transfusion is available
for treatment there is still a significant case fatality rate of 6-18%. This
study aimed to determine the prevalence of anemia, factors associated
with severe anemia and morphological types of anemia among anemic
under-fives admitted at Bugando Medical Centre (BMC). This hospital-
based, cross-sectional study was conducted between November 2012
and February 2013. Selected laboratory investigations were done using
standard operating procedures. A total of 448 under-five children were
eligible but detailed history taking and physical examination was available
on 309. The overall prevalence of anemia was 77.2% (346/448). Mild,
moderate and severe anemia were 16.5%, 33% and 27.7% respectively.
Of 239 children with moderate and severe anemia 22.6% (54/239) had
iron deficiency. Majority of the anemic children (37.5%) had microcytic
hypochromic anemia. The factors associated with severe anemia included
malaria parasitaemia [OR = 4.0 95% Cl (2.1 - 7.8); p-value <0.001],
presence of sickle haemoglobin [2.0 (1.1 - 3.5); 0.018] and unemployment
of the parent [2.2 (1.2-4.0); 0.007]. In conclusion, the prevalence of
anemia among underfives admitted at BMC was high. Iron deficiency
anemia was the leading type. Factors strongly associated with severe
anemia were malaria parasitaemia, presence of haemoglobin S and
unemployment among caretakers.

EFFECT OF LOW BIRTH WEIGHT AND INTRA-UTERINE
GROWTH RESTRICTION ON STUNTING AND WASTING IN A
COHORT OF INFANTS IN THE PHILIPPINES

Rachel A. Blake', Palmera Baltazar?, Luz Acosta?, Remigio
Olveda?, Veronica Tallo?, Jennifer Friedman?

'Brown University, Warren Alpert Medical School, Providence, RI, United
States, Research Institute for Tropical Medicine, Manila, Philippines,
3Brown University, Warren Alpert Medical School and Center for
International Health Research, Providence, RI, United States

The proportion of babies born low birth weight (LBW) and intra-uterine
growth restricted (IUGR) has increased over the past few decades in both

high and low-income nations. A recent meta-analysis in Europe found that
after controlling for socio-economic factors, LBW had a negative effect

on health outcomes during childhood. In other studies, LBW infants had
lower mean weight, length, and head circumference at one year of age.
However, these studies have been conducted in higher income settings,
and it is expected that infants in lesser-developed settings may be even
less likely to experience catch up growth. The aims of this study were

to compare rates of stunting and wasting at six and 12 months of age
among LBW, IUGR, and normal weight infants born in Leyte, Philippines.
Pregnant women were recruited at 12-16 weeks gestation as part of an
NIH-funded trial. Newborns were weighed within 48 hours of delivery, and
LBW was defined as weight < 2.5 kg, and IUGR as weight <3rd percentile
for gestational age. WHOANthro was used to derive height-for-age (HAZ)
and weight-for height (WHZ) Z-scores at six and 12 months old. We found
that overall 20.6% (72/349) of infants were LBW, 24.6% (86/349) were
IUGR, and 2.3% (8/349) were premature. These findings suggest that the
primary cause of LBW was IUGR rather than prematurity. Overall, LBW
and IUGR infants had significantly lower mean HAZ and WHZ at six and
12 months of age than normal infants. The odds ratio (OR) for stunting
(HAZ< -2.0) at 6 months of age among LBW infants compared to normal
infants was 3.56 (P = 0.0002), and for wasting (WHZ < - 2.0) was 2.13
(P=0.0002). At 12 months of age, the ORs for stunting and wasting were
2.09 (P =0.061) and 1.16 (P= 0.6217), respectively. These results suggest
that in this low-resource setting where infants often lack sufficient macro
and micronutrients required for the rapid growth of infancy, catch up
growth may be significantly delayed if it occurs at all. Further follow up

of these children will be conducted to determine whether these effects
persist throughout childhood.

LOW QUALITY EVIDENCE OF EPIDEMIOLOGICAL STUDIES ON
LEISHMANIASIS IN BRAZIL: THE LESS OBVIOUS OBSTACLE
FOR CONTROL INITIATIVES

Bruno Trentini', Mariel A. Marlow?, Mério Steindel?

'School of Medicine, Federal University of Santa Catarina, Florianopolis,
Brazil, ?Division of Infectious Diseases and Vaccinology, School of Public
Health, University of California Berkeley, CA, United States, *Department
of Microbiology, Immunology and Parasitology, Federal University of Santa
Catarina, Florianopolis, Brazil

According to recent estimates for Brazil, leishmaniasis accounted for
16,233 DALYs and 280 deaths in 2010, representing a higher disease
burden than malaria or dengue. Currently, no implemented control
efforts have proven effective given leishmaniasis incidence in the country
has not declined and new foci continue to emerge. As observational
epidemiological studies are a key component for developing control
measures, we reviewed a decade of Brazil's scientific publications on
leishmaniasis epidemiology and evaluated the quality and evidence of the
studies. In a PRISMA structured literature search of PubMed, MedLine,
ScieLO and LILACS databases, we obtained 2,011 articles from the search
terms “leishmaniasis” and “Brazil” published from 2002 to 2012. Only
14% (n=283) of articles were found to be epidemiological studies that
incorporated human subjects. Predominant study type was descriptive
(53.4%, n=151), followed by cross-sectional (20.8%, n=59), case-control
(8.5%, n=24) and cohort (6.0%, n=17). Study design was not stated in
46.6% (n=120) of publications; in addition, 24 (17.5%) studies incorrectly
reported study design. Majority of studies were conducted in a single
municipality (62.9%, n=178) and did not include healthy controls (78.1%,
n=221). Only 66.4% (n=188) of publications had an English version of
the full text. Mean journal impact factor of all publications was 1.9 (£
1.6), with only 6% (n=17) of articles being published in journals with an
impact factor higher than 4.0. Our findings demonstrated the majority of
epidemiological studies reviewed here did not provide sufficient evidence
for creating population-based interventions. The abundance of descriptive
studies conducted in Brazil is not cost-effective, creates bad habits in the
next generation of researchers and hinders the development of novel
control strategies. Solutions include encouraging epidemiology courses
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in biology and medical programs that emphasize how to evaluate quality
of epidemiological studies and discouraging graduate projects based on
describing leishmaniasis cases in an area.

PAPER-BASED YEAST BIOSENSORS FOR ANTIBIOTIC
DETECTION

Abigail A. Weaver, Sarah Halweg, Michelle Joyce, Marya
Lieberman, Holly Goodson

University of Notre Dame, Notre Dame, IN, United States

Paper-based tests have the potential to serve as inexpensive tools to
address analytical questions both inside and outside of the laboratory
setting. In this study, Saccharomyces cerevisciae were used to construct
the first example of a yeast whole-cell, paper-based biosensor device.
This test is sensitive to antibiotics in the tetracycline family and could
potentially address questions of pharmaceutical quality as well as
antibiotic contamination in liquids. This biologically-based paper analytical
device or “BioPAD"” can qualitatively discriminate the presence/absence
of doxycycline over a range of 30 - 10,000 pg/mL. Using a BioPAD, a
doxycycline dosage form (tablet) commonly used for malaria prophylaxis,
was confirmed to contain the antibiotic with 92% and 95% success,
evaluated by eye and computer-assisted image analysis respectively, with
no false positives by either method. Stored at 4°C these tests were found
to remain viable for greater than a year. This research demonstrates the
utility of whole yeast cells in paper-based pharmaceutical testing, while
highlighting the potential for the development of yeast-based BioPADs
to address a range of qualitative analytical questions, especially in low
resource settings.

EFFECT OF COOKING METHODS ON THE CONCENTRATION
OF OXYTETRACYCLINE RESIDUE IN CHICKEN

Ekene V. Ezenduka, John A. Nwanta, Steve |. Oboegbulem,
Dennis N. Onah

University of Nigeria, Nsukka, Nigeria

Antibiotics are used in poultry industry to obviate disease, enhance

growth and increase production. However, the use of these veterinary
drugs often results in the accumulation of violative levels of residues in
tissues. Consumption of such poultry meat would potentially adversely
affect human health through the development of resistant pathogenic
microorganisms and hypersensitivity reactions in sensitized individuals.
Although meat is always heat treated before consumption, which should
ordinarily render the residues innocuous, some drugs are heat stable

and therefore would persist at residue violative levels even after heat
treatment. Since tetracyclines are the most frequently used antibiotics in
poultry production in Nigeria, this study was therefore embarked up on to
find out the effect of cooking methods (boiling, microwaving and roasting)
on the concentration of oxytetracyclines (OTC) in poultry meat and organs.
Muscle and liver tissues were harvested from birds that were treated

with OTC either by intramuscular injection or orally in drinking water and
analysed for residues using the three plate test (TPT) and enzyme-linked
immunosorbent assay (ELISA). TPT at two different pH levels reduced the
inhibition zones of raw muscles between 34-49%, 67-69.6% and 53-
56% for microwaving, boiling and roasting respectively but the difference
in the means were not statistically significant (P>0.05). TPT however,
significantly (P < 0.05) reduced the inhibition zones of raw liver between
79- 80.9%, 57-60.29% and 88-89.71% for microwaving, boiling and
roasting respectively, at both pH levels. ELISA determined a slight increase
in mean OTC concentration in microwaved (1.2%) and roasted (0.3%)
muscle tissues with a slight decrease by boiling (3.5%) but the differences
were not statistically significant. A significant (P<0.05) decrease in OTC
concentration was however noticed between raw microwaved and roasted
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liver samples by ELISA at microwaving (1.85%), boiling (2.83%) and
roasting (3.17%) respectively. Roasting has a higher reduction effect on
oxyteracycline residue.

EXPLORING THE EFFECTIVENESS OF AN EDUCATION
INTERVENTION DELIVERED THROUGH LOCAL GROCERIES
TO IMPROVE CHILD FEEDING PRACTICES IN RURAL
COMMUNITIES. A CASE CONTROL STUDY

Halfan S. Ngowo', Elihaika G. Minja', Sarah G. Mtali', Ally
Qassimu?, Magreth Kagashe', Fredros O. Okumu'

'Ifakara Health Insititute, Ifakara, United Republic of Tanzania, *Ministry of
Health and Social Welfare, Kilombero, United Republic of Tanzania

Malnutrition is one of the most life-threatening conditions in early
childhood. It causes about 35% of all deaths in children below 5 years
and 50% of child mortality in sub-Sahara Africa. The condition can

be effectively addressed by local solutions such as using local food
grocers who on daily basis make contacts with child caregivers. Using
case-control design in 5 villages in rural south eastern Tanzania, we
evaluated an intervention involving training local grocers to select and
provide appropriate meals to caregivers with children below two years.
The trained grocers also trained their client caregivers on appropriate
feeding of children. Ten local food grocers (2 per village) were recruited
and each grocer was assigned to 5 randomly selected households with
children <2 years. The grocers were retrained monthly, and were asked to
help select appropriate foods for and advice their clients on appropriate
feeding practices. Monitoring was done monthly. Primary outcome was
performance of caregivers on key feeding indicators: breastfeeding,
caloric density, nutrients density and food safety and feeding style. Main
secondary outcome was growth, measured by length and weight and
Z-scores for weight-for-age and length-for-age. We enrolled 27 children
from intervention and 27 from control groups and all caregivers in
intervention group received recommended training from the assigned
grocers. Children in intervention group had higher breastfeeding scores
than controls (25 [93%] vs 20 [74%], p = 0.068), higher caloric density
scores (22 [81%] vs 21 [78%], p=0.735), higher scores on nutrient
density/diversity (22 [67%] vs 14 [52%], p = 0.268) and higher scores

on recommended food safety and feeding style targets than control (23
[85%] vs 12 [44%], p = 0.002). Overall, intervention group performed
better in all indicators of good feeding practices than controls (19 [70%]
vs 8 [29%], p=0.003). Local food groceries in rural areas, if empowered
with knowledge on proper feeding practices and malnutrition can improve
child feeding practices and nutritional status of children. Since mothers
and caregivers make more contact with food grocers in their communities
than they do to health facilities, this approach could significantly improve
coverage with appropriate nutritional education.

NUTRACEUTICALS: THE WAY FORWARD TO PREVENT
ADVERSE HEALTH EFFECTS OF A CASSAVA-DOMINATED
DIET

Nadege K. Ngombe
University of Kinshasa, Kinshasa, Democratic Republic of the Congo

More than 600 million people rely on drought-tolerant cassava as staple
food, mostly under the tropics. Farming systems are dominated by harsh
environmental conditions that mostly allow growing bitter cyanogen-
containing cassava (manioc a.k.a tapioca or yuca) as staple crop. In times
of war or agro-ecological crisis (and food shortages), populations are
forced to adopt shortcuts in cassava processing , exposing themselves to
cyanide poisoning and outbreaks of konzo, a permanent and irreversible
paralytic disease. Cyanide is a mitochondrial toxin known to induce
oxidative damage as evidenced by ongoing research that indicates high
serum levels of isoprostanes F2 in proportion to motor and cognitive
deficits in children relying on insufficiently processed cassava as staple

astmh.org



24

food. In anticipating interventional trials, we asked whether local food
crops may be used as nutraceuticals (food with health benefits) to mitigate
the neurotoxicity effects of cassava. We analyzed methanolic extracts

of green vegetables (n=12), mushrooms (n=8), yams (n=2) and herbal
teas (n=2) varieties that are consumed in a konzo-affected area using

the 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTSe+) free
radical-scavenging assay. Scavenging actvities of methanolic extracts (2

- 40pg/ml) were compared using trolox and quercetin as references. The
phytochemical screening was done by Thin Layer Chromatography (TLC)
and High-Performance Liquid Chromatography with Diode-Array Detection
(HPLC-UV/DAD) using Quercitrin, hyperoside, rutin and chlorogenic

acid as references. Most extracts displayed efficient concentration-
dependent inhibitory effects. The scavenging activity of extracts (mean

+ SEM as reported) aligned as follows: herbal teas > green vegetables >
yam > mushrooms. TLC and HPLC-UV/DAD analysis has demonstrated

the presence of polyphenolic compounds, which may explain the
observed free radical-scavenging effects. In conclusion, green vegetables
contain rutin (cassava leaves and hibiscus), hyperoside (in hibiscus), and
chlorogenic acid (in raphia) lookalike compounds, which may explain their
antioxidant activities. Select food crops may be promoted as nutraceuticals
in campaigns to mitigate the health effects of cassava neurotoxicity when
adherence to modern interventional trials is not guaranteed.

THE BURDEN OF RABIES IN TANZANIA AND ITS IMPACT ON
LOCAL COMMUNITIES

Maganga Sambo', Tiziana Lembo?, Sarah Cleaveland?, Heather
Ferguson?, Cleophas Simon?, Honorati Urassa’, Katie Hampson?

'Ifakara Health Institute, Ifakara, United Republic of Tanzania, ?Institute

of Biodliversity, Animal Health and Comparative Medicine, College of
Medlical, Veterinary and Life Sciences, Glasgow, United Kingdom, *Temeke
Municipal Council, Dar Es Salaam, United Republic of Tanzania

Rabies remains a major public health threat in many parts of the world and
is responsible for an estimated 55,000 human deaths annually. The burden
of rabies is estimated to be around US$20 million in Africa, with the
highest financial expenditure being the cost of post-exposure prophylaxis
(PEP). However, these calculations may be substantial underestimates
because the costs to households of coping with endemic rabies have not
been investigated. We therefore aimed to estimate the household costs,
health-seeking behaviour, coping strategies, and outcomes of exposure to
rabies in rural and urban communities in Tanzania. Extensive investigative
interviews were used to estimate the incidence of human deaths and

bite exposures. Questionnaires with bite victims and their families were
used to investigate health-seeking behaviour and costs (medical and non-
medical costs) associated with exposure to rabies. We found that a large
proportion of bite victims do not obtain PEP (28%) and that compliance
is relatively poor (~10% drop out rate) amongst those who do obtain PEP.
The average costs incurred by bite victims was ~US$40 but varied from
US$0 (for ~16% of bite-victims who were provided PEP free-of-charge
and the further 28% of victims who did not seek PEP) to over US$300
(for patients with complicated dog bites). We calculated that an average
patient in rural Tanzania, where most people live on less than US$1 per
day, would need to spend over US$100 to complete WHO recommended
PEP schedules. High costs and frequent shortages of PEP led to poor
compliance with PEP regimens, delays in presentation to health facilities,
and increased risk of death. The true costs of obtaining PEP were twice as
high as those previously reported from Africa and should be considered in
re-evaluations of the burden of rabies.

PATHOGEN REDUCTION COMBINED WITH RAPID
DIAGNOSTIC TESTS TO REDUCE THE RISK OF TRANSFUSION
TRANSMITTED INFECTIONS IN SUB-SAHARAN AFRICA

Elissa K. Butler’, Jeffrey McCullough?

"University of Minnesota Medical School, Minneapolis, MN, United
States, 2University of Minnesota, Department of Laboratory Medicine and
Pathology, Minneapolis, MN, United States

A safe and adequate supply of blood is critical to improving health

care systems in Sub-Saharan Africa. The region is burdened by a high
prevalence of diseases transmissible by transfusion including HIV, HBV,
HCV, and malaria. Current strategies to reduce transfusion-transmitted
infections include screening with either more sensitive, but more expensive
enzyme immunoassays or less expensive, but generally less sensitive rapid
diagnostic tests (RDTs). Pathogen reduction, a developing strategy to
improve blood safety, uses a nucleotide binding additive and ultraviolet
light to irreversibly inactivate pathogen nucleic acids, effectively reducing
pathogen load. It is possible that pathogen reduction in combination with
RDTs could be both more effective and more cost-effective in reducing
transfusion-transmitted infections compared to current practices. A proof
of concept analysis was performed to determine the efficacy of pathogen
reduction combined with RDTs compared to current screening methods
used by the Uganda Blood Transfusion Service (enzyme immunoassays for
HIV, HBV, and HCV; no testing for malaria). For HIV, HBV, HCV, and malaria,
probability models were created to determine the risk of an infectious unit
being released into the blood supply, accounting for RDT test performance,
pathogen reduction capability, pathogen infectivity, and disease prevalence
in the donor population. RDTs were chosen based on their availability

in Uganda. Terumo, the producer of the Mirasol pathogen reduction
system, provided data on the effectiveness of pathogen reduction for each
pathogen. Probability models of RDT screening and pathogen reduction
yielded a calculated risk of an infectious unit entering the blood supply

of 0.006, 5, 0.6, and 150 per 10,000 units collected for HIV, HBV, HCV,
and malaria, respectively. The relative risk reduction compared to current
methods in Uganda is 88%, 20%, 95%, and 83% for HIV, HBV, HCV, and
malaria, respectively. Proof of concept analysis reveals that screening with
RDTs combined with pathogen reduction could be effective in reducing the
risk of infectious units entering the blood supply. This could vastly reduce
the incidence of transfusion-transmitted infections, decreasing economic
and social costs of new infections.

UNDERSTANDING DISEASE AND ACCESS TO HEALTHCARE IN
ISOLATED COMMUNITIES OF THE PERUVIAN AMAZON

Jonathan Williamson', Ronald Ramirez?, Tom Wingfield?

'Bristol Medlical School, Bristol, United Kingdom, ?The Vine Trust and
Union Biblica, Iquitos, Peru, *Universidad Peruana Cayetano Heredia, Lima,
Peru and Imperial College London, United Kingdom, Lima, Peru

Isolated Peruvian Amazon communities have limited healthcare access and
infrequent visits from boat-clinics. Research concerning the health and
health beliefs of such communities is scarce. This pilot project assessed
disease understanding and pain burden, use of traditional and modern
medicine, and healthcare access. Whilst accessing healthcare from a
mobile boat-clinic, 85 participants from 13 Peruvian Amazon communities
completed a locally-adapted questionnaire detailing socioeconomic
position, medical history, understanding of diagnosed illnesses, pain,

and use of traditional and modern medicine. 21% of respondents had
completed secondary school, 87% lived in crowded houses, and 35% had
gone to bed hungry in the past month. 73% had received a prior diagnosis
from a healthcare professional: the most common being hypertension,
malaria and urinary infections. 17%(13/78) felt they fully understood their
diagnosed illness, 43%(34/78) had no understanding at all, and 80%
(62/85) wanted further education. 98%(82/84) reported pain, mainly head
or musculoskeletal. Most pain (69%) had not received formal diagnosis,
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was experienced daily (53%) and treated successfully with modern rather
than traditional medicine (72% [95%Cl 63-82] vs 19% [95%Cl 11-28],
p<0.001). Respondents were more likely to have used (89% [95%ClI
83-96] vs 71% [95%CI 61-80], p=0.002) and less likely to have refused
(5% [95%Cl 2.1-9.3] vs 27% [95%Cl 17-36], p<0.001) modern rather
than traditional medicine. 21% cited long waits and distance as reasons
to avoid local healthcare posts. 95% had previously attended a medical
boat. In conclusion, amongst pilot project respondents, there was a lack
of understanding of diagnosed illnesses and a desire for further education.
There was a high burden of undiagnosed pain, likely linked to agricultural
work. While traditional and modern medicine were both used, more
patients had taken modern medicine, especially analgesics. Individuals
avoided using local healthcare posts due to limited access and almost all
had had prior contact with mobile boat-clinics. Mobile boat-clinics may
have a unique opportunity to target locally relevant healthcare issues (sun-
exposure and headaches, self-physiotherapy for musculoskeletal pain)
with simple educational interventions (pamphlets, community-advocate
training) whilst healthcare infrastructure improves.

PAPER ANALYTICAL DEVICES FOR THE SCREENING OF
SUBSTANDARD MEDICATIONS IN WESTERN KENYA: A
COMPARISON OF TEST RESULTS

Mercy W. Maina', Abigael Weaver?, Nick Myers?, Celia Chema',
Phelix Were3, Rakhi Karwa*, Sonak Pasakia®, Marya Lieberman?

'Moi Teaching and Referral Hospital/Academic Model Providing Access
To Healthcare, Eldoret, Kenya, 2University of Notre Dame, South Bend,
IN, United States, Academic Model Providing Access To Healthcare
(AMPATH), Eldoret, Kenya, “Purdue University, West Lafayette, IN, United
States

Low quality medications are a global health challenge that has been
associated with death and the development of drug resistance. The

Paper Analytical Device (PAD) combines liquid chromatography and color
reactions on a patterned paper to form an inexpensive method to screen
for substandard drugs. The PAD overcomes challenges encountered,
mostly in developed countries, in monitoring the quality of drugs,

that is, cost of analysis and inadequate technical expertise. We aim to
compare the interpretation of test results obtained in the optimization
and validation of the PAD. The project’s study site is Moi Teaching and
Referral Hospital - Academic Model Providing applies Access To Healthcare
(AMPATH). Samples of amoxicillin, ampicillin, amoxicillin-clavulanic acid
tablets, azithromycin, ciprofloxacin and acetaminophen tablets were
purchased using secret shoppers from registered and unregistered
pharmacies in western Kenya. To determine the medication content, the
user applies each sample onto the PAD and dips one edge of the PAD into
water. After development, the user takes a picture of the utilized PAD
and employs a color based key to interpret the results. The interpretation
of the PAD test results is carried out by Kenyan pharmacy personnel and
University of Notre Dame collaborators and the outcomes reported. The
PAD outcomes are reported as “Pass” for samples which displayed similar
color patterns to the standard or “Suspicious” for samples which did not.
These drugs samples are also being analyzed using high performance
liquid chromatography (HPLC) in order to validate the PAD. Of the

139 samples tested in Phase 1 and number of outcomes reported and
compared, we found a reader agreement of > 90% in the interpretation
of PAD test results. The high reader agreement indicates that the PAD test
results can easily be interpreted and therefore may be used to address the
challenge of inadequate technical expertise in resource limited settings.
We also, anticipate having HPLC results for tested drug samples over the
next few months.

DETERMINANTS OF COVERAGE AND AVAILABILITY OF ZINC
AND ORAL REHYDRATION SALTS (ORS) IN THREE NIGERIAN
STATES

Adewale Akinjeji
Clinton Health Access Initiative, Abuja, Nigeria

Globally, diarrhoea is responsible for 11% of all under-five deaths in
2010, and Africa accounts for over 40% of the global diarrhoea mortality
burden. In Nigeria, it is the third largest cause of death in children under
age five after malaria and pneumonia. While it is well established that
WHO recommended treatments such as Oral Rehydration Salts (ORS) and
Zinc can prevent the majority of diarrhoea associated deaths, the coverage
of these treatments is not ubiquitous in Nigeria. It is estimated that only
25% of children with diarrhoea receive ORS and less than 1% receive zinc.
In light of this, Clinton Health Access Initiative (CHAI) and Nigeria’s
Ministry of Health (MOH) established a 4-year program with the goal of
scaling up the use of ORS and zinc for treatment of childhood diarrhoea
in 8 Nigerian States. By increasing the use of Zinc and ORS to 80%

in four years, it is estimated that the scale-up will save over 228,000

lives. The program aims to create a competitive market for ORS and

Zinc by the end of 2015 by 1) securing 