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696
Low Temperature Induces Trophozoites of 
Acanthamoeba spp. to Phagocytose Francisella 
tularensis, Explaining A Possible Mechanism of 
Survival During Winter

James R. Palmieri, Shaadi F. Elswaifi
Virginia College of Osteopathic Medicine, Blacksburg, VA, United States

Free-living Acanthamoebae are commonly found in aquatic systems as part 
of natural biofilms. Acanthamoebae exist in both the trophozoite feeding 
stage and the highly resistant and dormant cyst stage. Acanthamoebae 
and pathogenic bacteria are closely involved in complex symbiotic 
relationships. Francisella tularensis is the causative agent of tularemia in 
humans and is classified by the CDC as a Category-A biological weapons 
agent due to ease of dispersion through drinking water and inhalation 
of aerosols. An infecting dose of as few as ten F. tularensis can induce 
severe and often fatal pulmonary tularemia. It is known that F. tularensis 
survives and develops within Acanthamoeba castellanii. The process 
begins when trophozoites of A. castellanii engulf F. tularensis, which may 
reproduce and grow within vacuoles. This process resembles what takes 
place in macrophages during human infection with F. tularensis. Because 
of its high virulence, F. tularensis is an exceptionally dangerous pathogen. 
How F. tularensis exists in its silent stage in nature and its relationship 
to naturally occurring Acanthamoebae in soil and aquatic environments 
remains unknown. Acanthamoebae under cold conditions may exist in 
the cyst stage for up to 24 years. However, the mechanism of survival of 
F. tularensis, a bacterium that does not form protective spores or cysts 
in the environment at winter temperatures, remains unknown. In this 
study we examined the effects of cold temperature on the ability of A. 
astronyxis (non-pathogenic), A. castellanii (semi-pathogenic), and A. 
culbertsoni (highly pathogenic) to phagocytose F. tularensis. We found 
that Acanthamoeba spp. excyst and go into a state of frenzy feeding 
as temperature approaches freezing. During this frenzy, trophozoites 
actively phagocytose, feed, and cannibalize each other before encysting 
as temperatures approach freezing. During this feeding frenzy we also 
found that trophozoites of Acanthamoeba spp. engulf F. tularensis. This 
finding may explain how F. tularensis exists in its silent-cycle and elucidate 
its relationship with Acanthamoeba spp. by using them as a vehicle for 
surviving in the environment. This relationship represents one of the 
most scientifically intriguing questions to be answered concerning the 
epidemiology and natural transmission of tularemia.

697
Molecular signaling during the miracidium 
to sporocyst transformation in Schistosoma 
mansoni

Andrew S. Taft, Francesca Norante, Timothy P. Yoshino
University of Wisconsin at Madison, Madison, WI, United States

In vitro Schistosoma mansoni miracidial transformation is associated 
with many transcriptomic, biochemical and morphological changes. We 
performed a high-throughput small molecule screen of 1250 compounds 
to identify chemicals interfering with this dynamic process. Forty-seven 
chemicals were identified that block or delay larval transformation 
including dopamine D2-type antagonists, serotonin reuptake inhibitors 
and forskolin, an adenylyl cyclase (AC) activator. The majority of these 
compounds are thought to interfere with cAMP homeostasis by directly 
affecting adenylyl cyclase (AC) activation or indirectly, by activating or 
inactivating g-protein coupled receptors (GPCRs) linked to adenylyl cyclase. 
Forskolin, an AC activator, has been shown to inhibit larval transformation 
in vitro. D2-type dopamine receptors are G-inhibitory proteins, which 
upon inhibition, stimulates AC activity and increases cAMP levels. Similarly, 
serotonin reuptake inhibitors increase extracellular levels of serotonin by 
inhibiting its uptake back into the presynaptic cell leading to an increase 
in cAMP through activation of AC by the serotonin receptor. These results 
suggest that miracidial transformation is linked to a decrease in cAMP 

levels. Using a polyclonal-cAMP antibody and confocal microscopy we 
demonstrate that these specific compounds inhibiting transformation 
increase cAMP and do so in a tissue/cell specific manner. cAMP may be 
signaling through the cAMP responsive element binding (CREB) pathway. 
CREB is a transcription factor activated by cAMP-dependent protein kinase 
(PKA) and may function by regulating stage-specific transcription of genes 
involved in the transformation process. We have found that transcript 
levels of 2 CREB-binding proteins are higher in miracidia than early primary 
sporocysts suggesting a linkage of this pathway to the transformation 
process.

698
Differential gene expression in Biomphalaria 
glabrata neonate snails in response to 
Schistosoma mansoni infection

Nithya Raghavan, Andre Miller, Fred Lewis, Matty Knight
Biomedical Research Institute, Rockville, MD, United States

A differential screening strategy was devised as an alternative to using 
microarrays to assess modulation in gene expression between resistant 
and susceptible Biomphalaria glabrata snails in response to Schistosoma 
mansoni infection. We used neonate snails since even at a young age 
resistant snails are capable of withstanding parasite infection and this 
methodology also has an added advantage of not processing transcripts 
from tissues that are not defense related. We constructed four different 
unidirectional lambda ZAP cDNA expression libraries using polyA+ RNA 
from freshly hatched neonate snails (0.5-0.75 mm in diameter) treated 
as follows; 1- unexposed resistant BS-90 snails, 2- resistant BS-90 snails 
exposed for 24 h to S. mansoni miracidia, 3- unexposed susceptible NMRI 
snails, and 4- susceptible NMRI snails exposed for 24 h to S. mansoni 
miracidia. Antibodies were raised in mice against the 4 different treatment 
groups mentioned above and S. mansoni miracidia alone as control. 
Differential antibody screening of the libraries was performed to identify 
functional protein corresponding to differentially expressed transcripts, 
thus making data interpretation more informative. Preliminary analysis 
identified clones from the NMRI unexposed library encoding QM-like 
protein that protects cells against oxidative stress, zinc carboxypeptidase 
an exopeptidase involved in protein assimilation and regulation of peptide 
hormones and temptin, a water-borne protein pheromone that stimulates 
attraction and mating behavior in mollusks. From the BS90 unexposed 
library we identified protein phosphatase 2A regulatory subunit that 
plays a role in cell cycle regulation and cell fate determination and type 2 
cystatin that comprises a class of cysteine peptidase inhibitor presumed 
to mediate protective functions while from the BS90 exposed library we 
identified nucleoside diphosphate kinase and a small cardioactive peptide 
(SCP) that has been shown to command neurons of defensive behavior. 
The complete results from this study will be discussed.

699
CHARACTERIZATION OF THE TRANSCRIPTIONAL PROFILE 
OF BIOMPHALARIA GLABRATA AFTER BACTERIAL AND 
PARASITE CHALLENGE

Patrick C. Hanington, C. M. Adema, C. M. Lun, E. S. Loker
Center for Evolutionary and Theoretical Immunology, University of New 
Mexico, Albuquerque, NM, United States

Biomphalaria glabrata is a freshwater snail that serves as an intermediate 
host for the medically important trematode, Schistosoma mansoni. Using 
an oligo-based microarray consisting of 1152 features emphasizing 
immune/stress responses, we monitored the transcriptional profiles of 
B. glabrata after exposure to bacterial and trematode pathogens. It 
has been demonstrated that B. glabrata’s ability to resist infection by 
a parasite is determined by the immunological strategies employed by 
the host, as well as the evasion/immuno-suppression strategies used 
by the parasite. With this in mind, we targeted array studies to address 
questions relating to: the specificity of the B. glabrata immune response; 
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the long-term relationship between the trematode parasites S. mansoni 
and Echinostoma paraensei in both susceptible and resistant snail strains; 
and the transcriptional profile associated with B. glabrata acquiring 
resistance to infection by prior sensitization to E. paraensei. From these 
array experiments we demonstrated that the acute immune response of B. 
glabrata is capable of mounting specific immune responses depending on 
the type of challenge. When infections using E. paraensei or S. mansoni 
were analyzed at 1, 2, 4, 8, 16 or 32 days post infection, a long-term 
profile of transcriptional changes emerged. An early increase in immune 
transcript expression was followed by a sharp decline in the expression of 
many of the same transcripts. These transcription profiles match closely 
with earlier experimental studies that both parasites evade immune 
detection by suppressing the host response. Furthermore, we characterize 
the transcriptional profile associated with acquired resistance to E. 
paraensei infection. This acquired resistance has been shown to last at 
least 8 days after sensitization and is associated with the up-regulation of 
a number of unique immune transcripts that are being further investigated 
for their possible role in parasite resistance.

700
Development and characterization of variable EST-
SSR markers delineating resistance/susceptibility 
to Schistosoma mansoni in the intermediate snail 
host, Biomphalaria glabrata

Wannaporn Ittiprasert, Andre’ Miller, Jocelyn Myers, Matty 
Knight
Biomedical Research Institute, Rockville, MD, United States

Biomphalaria glabrata is an important intermediate host of Schistosoma 
mansoni. This parasite is a causative agent of schistosomiasis, a disease 
that is endemic in over 74 countries. In high transmission areas, patients 
often have concurrent infections. This reality of co-infections with other 
pathogens has helped fuel new energy towards blocking transmission 
at the snail stage of parasite development for long-term control. 
To understand the molecular genetic basis of the snail/schistosome 
interaction, crosses were generated between NMRI (susceptible) and 
BS-90 (resistant) snails to produce F1 and F2 gametes. F2 progenies 
displayed 58.4% resistance upon S. mansoni infection. DNA from 
segregating resistant/susceptible populations was analyzed for heritability 
of variable microstellites (MS) using PCR with 37 primers. Results showed 
a polymorphic region (Bge5_289 and Bge5_292) with significant linkage 
(7cM). SSRIT and RepeatMasker were used to identify, classify and mask 
repeats. Thus far, we have developed and characterized several markers 
that may be helpful for futher linkage analysis. From 1,601 SSH-ESTs, a 
variable Simple Sequence Repeat (SSR) locus with the (CA)5 motif was 
identified that also displayed polymorphisms between BS-90 (330 bp) 
and NMRI (320 bp) snails. More EST-SSR markers were characterized from 
52,433 B. glabrata ESTs available in GenBank. Using SSRIT to screen for 
di-, tri-, tetra-, penta-, hexa- nucleotide motifs, we identified 3,583 (6.8%) 
SSR-containing sequences. However, when low complexity sequences and 
interspersed repeats were excluded using RepeatMasker only 538 (1.02%) 
ESTs contained true SSR repeats. The majority of motifs of EST-SSRs were, 
(TG)n [10.6%], (TC)n [6.3%], (CAT)n [5.5%]. These new SSRs are being 
evaluated with segregating F2 progenies to determine linkage/mapping of 
parasite resistant/susceptibility loci on B. glabrata chromosomes.

701
Variations within loci corresponding to 
hydrolytic enzymes between resistant and 
susceptible Biomphalaria glabrata snails: effects 
of Schistosoma mansoni exposure and age of snail

Jocelyn C. Myers1, Wannaporn Ittiprasert1, Andre Miller1, Matty 
Knight1, Clarence M. Lee2

1Biomedical Research Institute, Rockville, MD, United States, 2Howard 
University, Washington DC, United States

Biomphalaria glabrata is an important snail host of the parasitic blood 
fluke Schistosoma mansoni in the Western hemisphere. To elucidate the 
molecular basis of the host-parasite relationship, studies have used snail 
stocks that vary in parasite susceptibility. The snail host exhibits a range 
of susceptibility phenotypes depending on the genetics of the snail and 
the parasite. Previous studies have suggested hydrolytic enzymes may 
play a role in the mollusk’s defense against invading schistosomes and 
other pathogens. Genes encoding hydrolytic enzymes, such as cathepsin 
B, cathepsin L, and legumain have recently been identified from the 
snail hepatopancreas (Myers et al, 2008). In the present study, using 
gene specific primers for the above enzymes, PCR was performed to 
determine, by Amplified Fragment Length Polymorphism (AFLP) analysis, 
polymorphisms within the corresponding loci of the aforementioned 
enzymes between resistant (BS-90 and LAC) and susceptible (NMRI) 
snails, pre- and post- S mansoni exposure. Restriction Fragment Length 
Polymorphism (RFLP) analysis was also used to determine degree of strain 
variation within these loci between resistant and susceptible snails. Results 
showed the presence of major variations within the cathepsin B locus 
that was revealed by the presence of a resistant- specific 0.2kb band with 
restriction enzyme Bstx1. Results also showed strain specific variation 
within the cathepsin L locus, in this case major intra-strain variation was 
detected within the susceptible snail stock with snails displaying either 
a 2.5kb or 1.8kb band after PCR. In addition, variation was detected 
following parasite exposure (24hr) between juvenile and adult susceptible 
snails. No intra-strain variation was found in the resistant stock in this 
locus either after exposure or with age. RT-PCR was used to determine 
the differential regulation of the transcripts encoding the above enzymes 
pre- and post- parasite exposure. The effects of age and infection on the 
modulation of these enzymes between the resistant and susceptible snails 
will be discussed.

702
Human fascioliasis in Latin America: The endemic 
foci in Andean countries and Caribbean-Central 
America

Santiago Mas-Coma1, Rene Angles2, Jose R. Espinoza3, Valeria 
Gayo4, Carolina Gonzalez5, Roberto Mera y Sierra6, Lazara Rojas7, 
Jose Lino Zumaquero-Rios8, Maria Dolores Bargues1

1Departamento de Parasitologia, Universidad de Valencia, Burjassot 
- Valencia, Spain, 2Catedra de Parasitologia, Facultad de Medicina, 
Universidad Mayor de San Andres, La Paz, Bolivia, 3Unidad de 
Biotecnologia Molecular, Facultad de Ciencias, Universidad Peruana 
Cayetano Heredia, Lima, Peru, 4Departamento de Parasitologia, 
Dilave, Ministerio de Ganaderia, Agricultura y Pesca, Montevideo, 
Uruguay, 5Catedra de Parasitologia, Facultad de Farmacia y Bioanalisis, 
Universidad de Los Andes, Merida, Venezuela, 6Area de Infectologia, 
Faultad de Ciencias Medicas, Universidad Nacional de Cuyo y Catedra 
de Parasitologia, Facultad de Ciencias Veterinarias, Universidad J.A. 
Mazza, Mendoza, Argentina, 7Instituto de Medicina Tropical Pedro Kouri, 
La Havana, Cuba, 8Laboratorio de Parasitologia, Facultad de Biologia, 
Benemerita Universidad Autonoma de Puebla, Puebla, Mexico

Fascioliasis causes serious problems in Latin America. In South America, 
main human endemic areas are in Bolivian and Peruvian Altiplanos and 
valleys of Peruvian Andes, where prevalences and intensities in children 
reach very high levels. Adult subjects show lower rates, and females are 
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more infected (higher prevalences, higher intensities, or both) than males. 
Important areas are also known in Chile and more than 400 cases have 
been reported in Argentina. Lower rates have been recorded from Ecuador 
and Venezuela. All these areas appear linked to (i) high altitudes where 
transmission is significantly increased, and (ii) lymnaeid vectors belonging 
to the Galba/Fossaria group. In Central America, health problems have 
been recently detected in Mexico, children being the most affected. In 
the Caribbean, Cuba suffers repeated outbreaks. Of less importance is 
Hispaniola, where cases appear more sporadically. Both Mexico and the 
Caribbean islands share singular epidemiological characteristics related 
to Lymnaea cubensis and L. humilis as main vectors. A WHO initiative has 
recently been launched against human fascioliasis worldwide, in which 
the endemic areas in Latin America constitute priority targets. An IAEA 
initiative is including molecular biology research studies on the domestic 
animal reservoir species with the aim to decrease human reinfection risks 
after control campaigns.

703
Etiology and Epidemiology of Cercarial Dermatitis 
in North America

Sara V. Brant, Eric S. Loker
University of New Mexico, Albuquerque, NM, United States

Cercarial dermatitis or swimmer’s itch results when cercariae of 
schistosomes penetrate human skin and initiate inflammatory responses. 
The trematodes typically die in the skin but in some cases may persist 
and infect other organs, including regions of the central nervous system. 
Cercarial dermatitis is caused by a complex and poorly known assemblage 
of schistosome species, and can occur anywhere where people come 
in contact with water bodies harboring schistosome-infected snails. 
Outbreaks are known to occur in both freshwater and marine habitats 
worldwide. As part of our ongoing studies of schistosome diversity, using 
morphological traits and sequence data to differentiate species, we have 
thus far identified 20 genetic lineages of schistosomes from snails across 
North America, from both freshwater and marine habitats. Five of these 
were described following dermatitis outbreaks in Stubblefield Reservoir 
in Northern New Mexico, Prospect Lake in the heart of Colorado Springs, 
Colorado, and Robert Crown Beach in San Francisco Bay, California. The 
New Mexico outbreak likely involved two different avian schistosome 
species, both transmitted by physid snails. The Colorado outbreak was 
due to Trichobilharzia brantae, a species transmitted by Canada geese 
and the snail Gyraulus parvus. Finally the San Francisco outbreak was 
caused by a previously undescribed marine schistosome developing in a 
recently introduced exotic snail, Haminoea japonica. Our investigations of 
schistosomes in North America have revealed that the species responsible 
for outbreaks a) vary across time, space, and habitat, b) use a diverse 
range of snail intermediate hosts, and c) can occur in exotic snail hosts. 
Our studies will help to validate unique morphological or molecular 
features that can be used for routine identification. Our extensive 
reference collection of schistosomes and the continued application 
of molecular methods to identify such worms create exciting new 
opportunities to advance our understanding of this under-appreciated yet 
widespread public health problem.

704
Results from sentinel site surveillance for 
trachoma and schistosomiasis before preventive 
chemotherapy in Burkina Faso 

Artemis Koukounari1, Seydou Toure2, Amadou Ouedraogo2, 
Bernadette B. Yoda3, Martin Kabore3, Elisa Bosque-Oliva1, Joanne 
P. Webster1, Alan Fenwick1

1Schistosomiasis Control Initiative, London, United Kingdom, 2Réseau 
International Schistosomiases Environnement Aménagements et Lutte, 
Ouagadougou, Burkina Faso, 3Programme National de Prevention de la 
Cecité, Ouagadougou, Burkina Faso

Over 1 billion of the world’s poorest citizens continue to be afflicted by 
neglected tropical diseases (NTDs). A number of international single-
disease control initiatives have expanded coverage, and since 2006, there 
have been moves to integrate these initiatives, mainly using preventive 
chemotherapy. Monitoring and evaluation of these integrated programs 
presents a unique set of challenges. Burkina Faso was selected to receive 
support from the United States Agency for International Development 
(USAID) funded NTD program for integrated NTD Control, and this country 
has also combined all the local M&E teams into one integrated group to 
conduct surveillance in sentinel sites. This study was unertaken to assess 
potential gender, age and location differences in 4 groups of children (1) 
with single Schistosoma haematobium infection, (2) with single trachoma 
infection (3) co-infected with S. haematobium and trachoma and (4) 
children with neither infection. The results should contribute valuable 
information for coordinating the strategy for preventive chemotherapy. 
Baseline infection data was collected from 3,324 children aged 7 to 11 
years in 23 sentinel sites across 11 regions of Burkina Faso and analyzed 
through a generalized logit model. Probabilities of the risk of belonging to 
each of the above categories with reference to age, sex and location were 
estimated. A trachoma case was defined by the presence of Trachomatous 
inflammation - Follicular; Trachomatous inflammation - Intense in both 
eyes. S. haematobium infection was diagnosed by finding eggs through 
microscopic examination of urine after filtration. The prevalence rates for 
single S. haematobium infections were 10.95% (95% CI: 9.89 - 12.01); 
and for single trachoma infections 12.45% (95% CI: 11.33 - 13.58). 
0.84% (95% CI: 0.53 - 1.15) were coinfected. Gender and location 
yielded significant differences in the risk of having S. haematobium and 
trachoma single or/and dual infections. In conclusion, trachoma and S. 
haematobium infections constitute serious public health problems in 
Burkina Faso and control is strongly recommended. Risk factors for both 
infections are discussed while a development of common framework for 
the monitoring of these two infections is also considered.

705
Parasitological impact of one year preventive 
mass chemotherapy on soil-transmitted 
helminthiasis and schistosomiasis in Northern 
Rwanda

Karibushi Blaise1, Mupfasoni Denise1, Ruberanziza Eugene1, 
Sebeza Jackson2, Mukabayire Odette3, Kabera Michee1, Kramer 
Michael2, Ruxin Josh4, Fenwick Alan5

1The Access project, Kigali, Rwanda, 2Ministry of Health/Treatment 
Research Aids Center Plus, Kigali, Rwanda, 3National Reference Laboratory, 
Kigali, Rwanda, 4The Earth Institute, Columbia University, New York, NY, 
United States, 5Schistosomiasis Control Initiative, Department of Infectious 
Disease Epidemiology, Imperial College, London, United Kingdom

A recent baseline data collection in 2 districts located in the Northern 
Rwanda showed that the overall prevalence of soil transmitted 
helminthes(STH) was very high (>95%) among schoolchildren. The same 
study revealed that the prevalence of S. mansoni infection was 10.7% 
and 23.5% in Burera and Musanze districts respectively. Rwandan 
NTD program conducted a nationwide mass drug administration with 
albendazole for STHs to all school aged children twice in 2008 while 
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Praziquantel was additionally given once to school aged children and 
communities in schistosomiasis endemic areas. The aim of this study was 
to evaluate the impact of mass anthelminthic chemotherapy. The impact 
of the treatment program was monitored through a cohort of school 
children and adults in 2 districts in Northern Rwanda. Their infection status 
with STHs and S. mansoni was determined by parasitological examination 
at baseline and at year one follow up. The prevalence and intensity of 
STHs and S. mansoni before and after the treatment were analyzed 
using STATA. A cohort of 1013 schoolchildren (7-16 years old) was 
successfully monitored. Two rounds of treatment with albendazole have 
shown an overall reduction of 4.4% in STH prevalence with a significant 
reduction of hookworm prevalence (82.5%). Infection mean intensity was 
reduced from 104.3 to 76 eggs par gram(epg), 1315 epg to 427 epg and 
12387 epg to 5843 epg for Hookworm, T. trichiura and A. lumbricoides 
respectively. The prevalence of S. mansoni infection was reduced from 
18.4% to 2.5% and 7.7% to 1.2% in Musanze and Burera districts 
respectively. The proportion of children with heavy S. mansoni infection 
was significantly reduced from 8.3% to 0. In adult cohort, significant 
reduction in prevalence and intensity of both STHs and S. mansoni 
infection was also observed. In conclusion, the bi-annual mass treatment 
with albendazole and annual treatment with praziquantel of school aged 
children and adults at high risk can significantly reduce the prevalence and 
intensity of infection for STHs and schistosomiasis.

706
Randomised controlled trials (RCTs) of 
praziquantel 40 vs. 60 mg/kg for treating intestinal 
schistosomiasis

Piero L. Olliaro
World Health Organization (WHO), Geneva, Switzerland

The ideal dose of praziquantel for treating intestinal schistosomiasis 
is not fully established and 40 or 60mg/kg doses are variably used 
depending among other things on the parasite species involved. Single-
dose praziquantel at 40 vs. 60mg/kg were compared in RCTs with 
identical protocol for treating children and adolescents (10-19 years of 
age) with intestinal schistosomiasis caused by Schistosoma japonicum 
(the Philippines - Mindanao Island) or S. mansoni (Mauritania - Trarza 
region; Tanzania - Mwanza region; and Brazil - Pernambuco state). The 
primary efficacy parameters were cure rates and egg reduction rates 
on Day 21. Secondary efficacy parameters were reinfection rates at 6 
months and 12 months after treatment, and associated morbidities (by 
analysing haemoglobin, body weight). Safety was assessed by comparing 
prevalence and intensity of adverse events. For each study, the sample 
size was 109/arm (expecting cure rates of 60 and 80%, respectively with 
80% power and 95% confidence level, and 20% lost to follow-up). An 
individual patient meta-analysis of the four study sites is presented based 
on the intent-to-treat (ITT). Modified ITT and per-protocol datasets for 
efficacy. The results of this study suggest both national and general policy 
recommendations for praziquantel dosing.

707
Integrated Control Strategies of Schistosomiasis 
Transmission Informed by a Bayesian Multilevel 
Model at a Local Scale

Kun Yang
College of Public Health, The Ohio State University, Columbus, OH, United 
States

Schistosomiasis japonica is a zoonotic disease caused by infections 
with Schistosoma japonicum and still remains a public health concern 
in China. It has long been recognized that schistosome transmission is 
highly site-specific and its patterns of infections in humans are influenced 
by local socio-economic and environmental conditions. Evidence-based 
control strategies are needed especially in mountainous endemic regions 
of China where resources are relatively limited. Here we report the use 

of a Bayesian multilevel model to identify risk factors associated with 
schistosome transmission in a highly heterogenous environment, thereby 
informing strategies for sustainable control. In this study, 5 061 residents 
from the 26 villages in Eryuan County were screened for S. japonicum 
infection using indirect hemagglutination assay (IHA) and miracidium 
hatch test. Demographic information at three hierarchical levels (e.g., 
individual, family and village) was obtained through questionnaire, while 
environmental variables (e.g., landscape metrics) were derived from 
high resolution remote sensing imageries. A Bayesian multilevel model 
accounting for spatial correlation was built for serological status and the 
true infection status of S. japonicum, respectively. The model including 
the three level factors and a spatial random effect was the best fitted 
model. At individual level, all resident were susceptible to infections of 
S.japomicum, and health education should be strengthened. At the family 
level, reduction in paddy field, installation of biogas digestion systems 
and sanitary breeding stall for livestock are associated with decreasing 
prevalence of infections. At the village scale, decreasing heterogeneity of 
landscape and snail density can link to reduction in sero-prevalence and 
the true infection rate, respectively. This study illustrates the feasibility of 
utilizing a Bayesian approach to identify high risk factors associated with 
schistosome transmission in heterogeneous environments and the value of 
using such approach to explore control designs.

708
Evaluation of Integrated Mass Drug 
Administrations for Neglected Tropical Diseases in 
Haiti

Erin D. Kennedy1, Gabrielle Philius2, Abdel N. Direny3, Luccene 
Desir4, Jean-Francois Vely2, Thomas G. Streit4, Els Mathieu1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Ministry of Health, Port-au-Prince, Haiti, 3IMA World Health, Port-au-
Prince, Haiti, 4University of Notre Dame, Notre Dame, IN, United States

In Haiti, an estimated eight million people are at risk of lymphatic filariasis 
(LF) with prevalence of Wuchereria bancrofti circulating antigenemia 
reaching 45% in some communes. Annual mass drug administrations 
(MDA) with diethylcarbamazine and albendazole can eliminate LF as well 
as control soil transmitted helminthiasis (STH). In 2008, a MDA for the 
elimination of LF and control of STH was conducted in 44 highly endemic 
communes in Haiti. Evaluation of the 2008 MDA was conducted in 11 
communes to assess the drug coverage and the efficacy of the health 
education messages. Communes were chosen based on reportage of 
high coverage rates, geographic location, and implementing organization. 
Thirty villages were randomly selected from each commune. Within each 
village, 10 households were randomly selected for interviews. Age, sex, 
MDA compliance, and bed net use the previous night was recorded for 
each household member. One adult individual in each household was 
randomly selected for more detailed questions regarding their knowledge, 
attitudes, and practices (KAP) concerning LF and STH. Preliminary results 
from four communes are summarized here and final results from the 11 
communes will be presented. MDA coverage was 67%, with the highest 
coverage (79.8%) in school aged children. Of those participating in the 
KAP survey, 62% knew about LF, 74% knew about STH, 42% knew 
about the 2008 MDA, and 35% knew someone in their community 
with either elephantiasis or hydrocoele. Medication was identified by 
26% of individuals when asked how LF can be prevented. Side effects 
occurred in 83 (26% ) of the 317 individuals reporting they had taken the 
medication. Univariate predictors of MDA compliance were knowledge 
of LF (OR=7.2; 95% CI 5.0-10.4), knowledge of STH (OR=7.6; 95% 
CI 4.9-11.8), knowledge of MDA (OR=23.3; 95% CI 15.6-34.7), and 
knowledge that medicine prevents LF (OR=3.9; 95% CI 2.7-5.7). Nine 
percent of the children less than five years of age slept under a bed net 
the previous night. Of those participating in the KAP survey, 11% reported 
their household owns at least one bed net. Although variability between 
areas is expected, the preliminary data from 4 communes indicate that 
drug coverage and bed net use is sub optimal. This study emphasizes the 
importance of community awareness during MDAs.
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709
Differential decline of helminth infections on Alor 
Island, Indonesia following six rounds of mass 
drug administration using diethylcarbamazine in 
combination with Albendazole

Peter U. Fischer1, Yenny Djuardi2, Heri Wibowo2, Mark Bradley3, 
Asmus Hammerich4, Rahmah Noordin5, Taniawati Supali2
1Washington University School of Medicine, St. Louis, MO, United States, 
2Department of Parasitology, University of Indonesia, Jakarta, Indonesia, 
3Global Community Partnerships, GlaxoSmithKline, Brentfort, United 
Kingdom, 4GTZ/SISKES, Kupang, Indonesia, 5Universiti Sains Malaysia, 
Penang, Malaysia

We evaluated a mass drug administration (MDA) program to eliminate 
lymphatic filariasis on Alor Island, Indonesia. The effect of MDA on 
filariasis and intestinal helminths was assessed annually over a period of 
7 years in one Brugia timori endemic sentinel village. Microfilaremia (MF) 
was assessed by night blood filtration and filaria specific IgG4 antibodies 
by the Brugia Rapid™ test. Pre-MDA the microfilaria (MF) prevalence in 
the population was 26%, and 80% of the residents had antibodies. In 
2008, 10 months after the 6th round of MDA the MF rate had dropped to 
0.7% and the antibody rate had decreased to 15%. This was the 2nd year 
in a row with a MF rate of less than 1% and an antibody rate of <15%. 
The District Health Administration has stopped MDA on the island. The 
pre-MDA prevalence of Ascaris, hookworm and Trichuris in the sentinel 
village was 34, 28, and 11%, respectively; these rates after the 6th round 
were 27, 5 and 3%. Post-MDA infection intensities were very low, and 
no individual had more than 250 epg. MF and hookworm prevalence 
rates decreased significantly after the first round of MDA; it took longer 
for filarial antibody rates and Trichuris to fall (3 to 4 years). Ascaris rates 
fluctuated during the entire study period. However, the lowest prevalence 
of intestinal helminths was observed after the 4th round of MDA with 
18, 0.7 and 0.7%, respectively. In contrast to B. timori microfilaraemia, 
the prevalence rates of intestinal helminths appear to increase slowly 
during the last couple of years. This study has shown that MDA with 
DEC/albendazole had a major impact on B. timori prevalence rates; this 
provides a proof of principle that elimination should be feasible with 
existing tools and policies.
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Perceptions of Integrated Neglected Tropical 
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In 2007, the Ministry of Health of Mali (MoH), with assistance from 
external partners, implemented an integrated mass drug administration 
(MDA) campaign for five endemic neglected tropical diseases in Bamako 
and Sikasso Regions. After the MDA campaign, we conducted 16 
qualitative interviews with MoH officials at the national, regional, and 
district levels to evaluate their perceptions about the implementation 
of this integrated approach. Questions were divided into five subject 
categories: history, concept, advantages/challenges, effect on the health 
system and planning, and future of integrated programs. Interviews were 
recorded digitally, transcribed and analyzed for content manually. Most 
of the staff interviewed were aware of a shift in global donor interest 
away from vertical toward integrated disease programs and were overall 
supportive. Respondents identified several levels of integration. Program 
integration was seen as effective in temporary, finite situations such 
as integrated vaccination campaigns. Integration at the country level 
was seen as an inevitable, but largely positive development that would 
ensure continued funding for programs and lead to the achievement of 

disease elimination goals. Integration was also believed to be feasible 
at the operational level (district) where activities of programs overlap. 
Co-implementation at that level was thought to maximize efficiencies of 
resources. A few respondents believed that current integrated programs 
were co-implementation of activities at the operational level only, without 
corresponding integration of planning, management and monitoring 
systems. Nearly all respondents believed that the district should be 
involved in the planning and monitoring of integrated programs, but 
that this was not currently happening. Many thought that existing 
vertical program structures would have to be adapted. The sharing of 
resources was also seen as potentially destructive for certain programs. 
National-level respondents questioned the impact of current integrated 
programs on existing health structures and system. Integrated programs 
were viewed as having a number of advantages over vertical programs. 
Establishing a decentralized system with administrative, planning, 
management and financial structures in place at every level may increase 
the operational level’s engagement and the potential for the long-term 
success of integrated programs.
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Diarrheal disease is a major cause of childhood morbidity and mortality 
in Nepal. Understanding etiologic agents of disease is fundamental for 
developing better intervention strategies. We conducted hospital-based 
surveillance in children 3 months to 5 years of age, 1200 children with 
diarrhea and 1200 controls, in two hospitals in urban and rural Nepal 
during 2007-2009. A stool specimen and demographic and clinical 
background information were collected with informed consent under 
approved human use protocols. A field laboratory was established 
where local technicians conducted stool culture and completed initial 
microbiologic identification of enteric bacterial pathogens. Confirmation 
of isolates and molecular assays for diarrheagenic Escherichia coli, 
norovirus, and rotavirus were performed at AFRIMS. The most commons 
organism detected significantly (p<0.05) more frequently in cases than 
controls in both sites were rotavirus (23% vs 3%), Aeromonas (9% vs 
2%) and Shigella (6% vs 1%). In urban Kathmandu, ETEC (11% vs 5%), 
Vibrio (13% vs 1%) and norovirus (12% vs 5%) were more commonly 
and significantly found in cases than controls. Giardia lamblia was 
significantly more frequently detected among controls than cases from 
both sites (6% in cases vs 14% in controls). Enteroaggregative E.coli 
was detected in approximately the same proportion of cases (18%) and 
controls (19%). Similarly, in the urban Kathmandu area, 15% of cases 
and 13% of controls were infected with Campylobacter. In conclusion, 
rotavirus and norovirus, causes of viral gastroenteritis are common 
in Nepal. Asymptomatic infection with organisms linked to intestinal 
damage, malnutrition and impairment of growth and development are 
also common among children under 5 years of age in Nepal.
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Burden of Enterotoxigenic Escherichia coli (ETEC) 
Diarrhea among Children Less than Two Years in a 
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Khaled Hassan1, Mark Riddle3, John Sanders4, Adam Armstrong3, 
A. Kandeel2, Nasr El Sayed2

1United States Naval Medical Research Unit #3, Cairo, Egypt, 2Ministry 
of Health, Cairo, Egypt, 3United States Naval Medical Research Center, 
Bethesda, MD, United States, 4United States  Naval Medical Research 
Center Detachment, Lima, Peru

Enterotoxigenic Escherishia coli (ETEC) is the predominant bacterial 
cause of diarrhea in Egypt. ETEC adheres to the intestinal epithelium by 
colonization factor antigens (CFAs) and causes diarrhea by a heat-labile 
toxin (LT) and/or heat-stable toxin (ST). During January 2004 to April 2007, 
348 neonates were followed for two years. Children were visited twice a 
week. When diarrhea was reported, a rectal swab and a stool specimen 
were obtained. In addition, a routine stool sample was obtained every 
two weeks. E.coli isolates were screened for LT and ST by GM1 ELISA. 
ETEC were further typed for CFA by dot-blot assay using a panel of 12 
monoclonal antibodies against CFAs (CFA/I, CS1 to CS8, CS12, CS14 and 
CS17).Incidence was estimated and pathogenicity evaluated by evaluating 
differential rates of toxin-CF profiles among children with diarrhea [S] 
and without diarrhea [AS] (adjusted for age, gender, season, mother’s 
education, and crowding). ETEC phenotype with symptomatic diarrhea 
was performed using logistic regression. Diarrhea episodes were 8.2 per 
child-year. ETEC was the most common pathogen isolated (incidence 
rate = 1.26 episode per child-year). Comparison between initial ETEC 
infection in S and AS children has shown that ETEC strains carrying any of 
the CFAs were pathogenic. The distribution of toxins produced by ETEC 
strains among S (43.6% LT, 38.7% ST, and 17.8% LT/ST) varied from 
the distribution of toxins produced by ETEC strains among AS (55.7% 
LT, 34.2% ST and9.6% LT/ST. This difference was significant only for LT/
ST(p<0.0001).The distribution of CFAs expressed on ETEC isolates from S 
and AS children also varied; CFA/I, CS3, CS1+CS3, CS2+CS3, CS5+CS6, 
CS7 and CS14 were detected in higher frequency in S children, while 
CS12 had higher frequency among AS children. In conclusion, data 
confirm that ETEC burden remains high in this Nile delta region in Egypt. 
Also, LT/ST phenotype and CFA/I, CS3 and CS7 were more commonly 
found in children with diarrhea compared to AS children; a finding that 
may be useful for vaccine development.

713
Identification of colonization factor antigen in 
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The colonization factor (CFs) enables bacteria to adhere to and colonize 
the host intestinal mucosa. There are more than 20 CFs characterized 
in enterotoxigenic Escherichia coli (ETEC); however they have not been 
described in others types of diarrheagenic E. coli. The aim of this study 
was to determine the presence of CFs in non-ETEC E. coli strains isolated 
from Peruvian children with diarrhea. We have analyzed a randomly 
selected group of 30 diffusely adherent (DAEC), 30 enteropathogenic 
(EPEC), 30 enteroaggregative (EAEC) and 5 shiga toxin-producing E. coli 
(STEC) strains previously isolated from a passive surveillance diarrhea 
cohort study in children < 12 months of age in Lima, Peru. Diarrheagenic 
E. coli were identified by a multiplex real-time PCR: DAEC (daaD), EPEC 

(eaeA), EAEC (AggR), STEC (stx1, stx2), ETEC (lt, st) and enteroinvasive E. 
coli (IpaH). Two colonies from each strain were tested for CFs by a dot-blot 
assay using 21 monoclonal antibodies: CFA/I, CS1-CS7, CS12 (PCF0159), 
CS14 (PCF0166), CS17, CS18, CS20, CFA/III, CS19, PCF039, PCF071, 
Ag150, 4264, 4089 and 7162. Three CFs were identified in 95 non-ETEC 
strains (3%). All CFs were CS20 (coli surface antigen 20), identified in 
3 DAEC strains (3/30), from 3 different patients with diarrhea. All other 
E. coli were negative for CFs. The 3 CS20-positive DAEC strains were 
confirmed to be ETEC-negative by a repeated PCR (lt and/or st genes) and 
toxin-negative (LT, ST or LT/ST) by a GM1-ELISA. All DAEC strains showed 
a diffuse adherence pattern in a HEp-2 cell assay. The CS20-positive DAEC 
strains correspond to acute diarrheal episodes (9.7days ± 2.1days), as a 
single pathogen infection. In conclusion, to our knowledge this is the first 
description of CFs in non-ETEC E. coli strains. It is possible that plasmids 
encoding the structural subunit of CS20 are being transferred to other 
diarrheagenic E. coli. Further studies are needed to evaluate the presence 
of currently recognized and new CFs in diarrheagenic E. coli, in order to 
identify new and possible vaccine targets.
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Anti-toxin Immunity in enteric disease: Maintaining 
the integrity of the innate mucosal barrier

Gregory M. Glenn, David Flyer, Diane Epperson, Jianmei Yu
Intercell US, Gaithersburg, MD, United States

The pathogenesis of ETEC begins with ingestion of innocula, elaboration 
of toxin, bacterial colonization, induction of profuse, watery diarrhea, 
and dissemination into the environment. The intact, innate gut defenses 
lay on a scaffold of a mucus layer, are generally sufficient to ward off 
microbial invasion. Consequently, ETEC organisms have developed a 
series of strategies to disrupt and modify this barrier, rendering the gut 
wall susceptible to subsequent colonization or entry. LT toxins enhance 
ETEC colonization, either after pre-exposure or concomitant secretion 
by LT containing ETEC. The colonization effects by LT have been 
demonstrated for LT+, LT+/ST+ and ST+ clinical isolates. In prospective 
enteric pathogen epidemiology studies, the majority of ETEC isolates are 
recovered from subjects without diarrhea. This widespread and frequent 
asymptomatic LT toxin exposure may lead to frequent disruption of the 
innate mucosal barrier. The hallmark of clinical toxin-mediated secretory 
diarrheas such as ETEC is a non-inflammatory diarrhea and the absence 
of microscopically apparent damage. Toxin-induced fluid secretion can be 
reproduced and quantitated via ligated intestinal loops in several animal 
models. Using light microscopy, ligated loops from animals exposed to LT 
demonstrated focal loss of the mucus layer covering the small intestinal 
wall. Co-localization of LT on the enterocyte in the vicinity of the areas 
with focal loss of mucus was demonstrated using immunohistochemistry. 
Scanning EM confirmed the presence of mucus layer disruption. Similarly, 
visualization of ETEC organisms attached to the microvilli in the focally 
disrupted regions was seen. These findings can be prevented by pre-
immunization with LT via transcutaneous immunization, suggesting that 
the anti-LT immunity protects against both the direct secretory effects 
of LT and the more subtle mucosal disruption caused by exposure of 
the enterocyte to LT. These findings support the hypothesis that toxin 
mediated fluid secretion disrupts the innate mucosal barrier, leaving 
the gut surface vulnerable to subsequent colonization. The data are in 
line with clinical findings that asymptomatic colonization with ETEC is 
associated with a significant risk of contracting diarrhea, and that the 
expected protective efficacy against LT+ ETEC using LT as a vaccine antigen 
is accompanied by protective efficacy against both LT-ETEC and non-ETEC 
infections.
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Concomitant infection with Vibrio cholerae O1 and 
enterotoxigenic Escherichia coli induces a more 
robust immune response to cholera antigens
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Vibrio cholerae O1 and enterotoxigenic Escherichia coli (ETEC) are major 
bacterial pathogens causing dehydrating diarrhea. Cholera toxin produced 
by V. cholerae O1 (CT), heat labile toxin (LT) and/or heat stable toxin (ST) 
of ETEC are responsible for the secretory diarrheas characteristic of these 
illnesses. We have observed that about 5% of hospitalized patients are 
concomitantly infected with V. cholerae O1 and ETEC (CHET group). 
In order to understand the outcome of such infections on clinical and 
immunological responses in cholera patients, we studied adults patients 
infected with V. cholerae O1 (n=25), those infected with both V. cholerae 
O1 and ETEC (CHET) (n=25), and those infected with ETEC only (n=25). 
The CHET group showed more severe dehydration, had higher intake 
of intravenous fluid, and more severe dehydration than the ETEC group 
(p=0.01-0.003). The CHET patients showed higher vibriocidal responses, 
and increased antibody titers to CT and LPS in plasma than did the 
V.cholerae O1 patients (p=0.02-<0.001). The magnitude of antibody titers 
were higher in CHET than in other groups. All responses in V.cholerae 
O1 and CHET groups were more robust than those seen in the ETEC only 
group (p=0.01-<0.0010). FINDING: Concomitant presence of ETEC and 
V. cholerae is associated with more severe disease and more prominent 
immune responses than those associated with the V.cholerae O1 or 
ETEC alone. LT or other factors in ETEC may act as a mucosal adjuvant(s) 
and enhance immune response to V. cholerae O1 during concomitant 
infection.
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Vibrio cholerae causes a dehydrating diarrheal illness that can be rapidly 
fatal in the absence of specific treatment. The organism is an historic 
scourge and, like similar infectious diseases, may have influenced the 
evolution of the human genome. We report here the results of the 
first candidate gene association study of cholera. In a family-based 
study of 76 pedigrees from Dhaka, Bangladesh, we evaluated the 
association between cholera and five candidate genes -- the cystic 
fibrosis transmembrane receptor; lactoferrin; long palate, lung and nasal 
epithelium clone 1 (LPLUNC1); estrogen related receptor α; and calcium 
activated chloride channel 1. We found a significant association with a 
marker in the promoter region of LPLUNC1 (rs11906665), a member of 
a family of evolutionarily conserved innate immunity proteins. A previous 
microarray-based study of duodenal biopsies revealed significantly 
increased expression of LPLUNC1 in cholera patients compared to healthy 
control subjects. Our results suggest that variation in host innate immune 
responses may influence the outcome of exposure to V. cholerae in an 
endemic setting.
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Forecasting cholera epidemics in Africa
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Previous studies identified factors associated with cholera outbreaks, but 
most focused on a few predictors and locales. As part of development 
of an operational prediction and decision support system, we assessed 
demographic, economic, environmental, and climatic variables associated 
with Vibrio cholerae infections across Africa (688 provinces) during 
1995-2005. Data included reports of cholera outbreaks at province level 
(ProMED-mail); national economic, health, and demographic data (WHO); 
high-resolution data on populations (GPW/GRUMP), rainfall (NASA/
NOAA), and flood hazard (Center for Hazards and Risk Research); and 
El Nino indicators (NOAA). We fitted mixed effects logistic regression 
models to predict the probability of an outbreak for each province for 
each month. There were 466 outbreaks in 176 of 688 provinces, with 
257, 136, 60, 11, and 2 outbreaks in Eastern, Western, Central, Southern, 
and Northern Africa, respectively. Outbreak seasonality varied markedly 
by region, with greatest risk during Nov-Jan and Jun-Oct in Eastern and 
Western Africa, respectively, and little intraannual variation elsewhere. 
The final multivariate logistic regression model (excluding 1995-96 
because of low reporting and Northern Africa because of few outbreaks) 
included population size (per million; β=0.27, standard error [se]=0.04),% 
urban constitution (per 10%; β=0.19, se=0.05), mean flood hazard (per 
decile; β=0.07, se=0.03), gross national income/capita (per international 
purchasing power parity*1000; β=-0.12, se=0.10), region-specific random 
effects for rainfall 1 month prior, and country-specific random intercepts. 
The area under the ROC curve was 0.77, 0.82, 0.87, and 0.93 for Eastern, 
Western, Central, and Southern Africa, respectively. In conclusion, these 
preliminary results suggest that accurate forecasting of cholera outbreaks 
in Africa may be achievable with 1 month lead-time using demographic, 
economic, environmental, and climatic predictors. Accuracy assessment 
using independent data and development of more flexible prediction 
algorithms are underway. The datasets and forecasting approaches used 
here also may facilitate prediction of other health emergencies in Africa.
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Anopheles albimanus is an important malaria vector throughout the 
northern Neotropics, and physical barriers to gene flow are expected to 
restrict its dispersal. To analyze the population history of An. albimanus, 
we used partial sequences of the mitochondrial DNA CO1 gene and 
mosquitoes from 28 localities in five countries. We hypothesize that An. 
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albimanus is not at demographic equilibrium likely due to population 
growth and historical geographic fragmentation at a regional scale. 
Pairwise coalescence analysis of population divergence (MDIV) indicates 
that migration increases as geographic distance decreases; however, a 
median-joining network depicted three divergent haplotype groups: (A) 
Nicaragua, Costa Rica and western Panamá; (B) central-eastern Panamá 
plus the Caribbean coast of Colombia, and (C) the Colombian Pacific 
coast plus Ecuador. Groups (A) and (C) are at demographic equilibrium 
whereas (B) has undergone population expansion. The time since 
expansion from the mismatch analysis is around 49,000 years ago (95% 
CI 17,237 - 87,276). Our findings do not support physical barriers to gene 
flow, but instead, Pleistocene geographic separation in eastern Panama 
and northern Colombia is the likely cause of population structure in An. 
albimanus.
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Genetic structure of Aedes albopictus in Cameroon 
(Central Africa)
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The Asian tiger mosquito, Aedes albopictus (Skuse, 1894), is an invasive 
species that expanded in all continents, including Africa. The species was 
first detected in Nigeria in 1991, and invaded Central Africa in 2000s, 
where it was recently implicated in emergences of arborviruses such as 
chikungunya and dengue. According to their geographical origin, the 
populations of Ae. albopictus are known to vary for biological characters 
(e.g. anthropophily) which are able to modulated the vectorial capacity 
of the species. To date, the origin of Central African populations is not 
determined, since the invasion of this region may have occurred from 
Nigeria, from a secondary introduction, or both. In order to assess the 
diversity of Ae. albopictus in Central Africa, we undertook a study on 
the genetic diversity and structure of populations originated from 12 
Cameroonian locations. Samples were collected in 2007 according to 
North-South and West-East geographical transects representing all main 
bioclimatic regions. In each location, specimens were collected as larvae/
pupae and reared to adult stage. We used six microsatellite and two 
mitochondrial markers (COI and ND5).
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Mosquitoes from the Anopheles nili group are major vectors of human 
malaria in forests and humid savannas of tropical Africa. Despite their 
epidemiological importance, basic data on their bionomics and genetics 
are crucially lacking, although such data are a requisite to properly devise 
and implement efficient and sustainable vector control strategies. Here, 
we present original data that contribute to fill this gap in our knowledge. 
An. nili specimens were collected in Senegal, Burkina Faso, Ivory Coast, 
Nigeria, Cameroon and the Democratic Republic of Congo by human 
landing catches and pyrethrum spray collections. Field-collected specimens 
were identified by PCR and their feeding preferences and infectious status 
were determined by ELISA. Eleven recently developed microsatellite loci 
were used to compare the level of genetic diversity and differentiation 
between 16 populations. An. nili s.s. was highly anthropophilic and 

partially endophagic and was the only member of the group collected out 
of Cameroon. Specimens of An. ovengensis and An. carnevalei collected 
in South Cameroon were highly exophagic and exophilic. All three species 
were found infected by P. falciparum with mean infection rates ranging 
4.3-13.6% in An. nili s.s. (N=3646), 0.9% in An. carnevalei (N=516) and 
1.0% in An. ovengensis (N=978). Genetic diversity indices were high 
in An. nili s.s., and lower in An. carnevalei and An. ovengensis. High 
and significant levels of genetic differentiation were estimated across 
species (Fst>0.19, P<0.001). Within An. nili s.s., the population structure 
is consistent with isolation by distance, although demographic and/or 
selective events probably resulted in a higher level of genetic isolation in 
marginal populations. This study confirmed that An. nili s.s. is the major 
malaria vector of the group and emphasized the exophagic behavior 
of An. ovenegensis and An. carnevalei. Genetic structure analyses fully 
supported former morphological and genetic studies, providing further 
support for the recent taxonomic classification within this group.
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Species delimitation in South East Asian vectors of 
malaria

Magdalena Zarowiecki
Natural History Museum, London, United Kingdom

Many vectors of malaria belong to species complexes, which may differ 
in vector capacity and ecology. So efficient vector control relies on our 
ability to correctly identify both genetic and geographical species barriers. 
We have for this purpose developed a method for assessing reproductive 
boundaries in species complexes, using mitochondrial (cytochrome c 
oxidase 1) and nuclear genetic data (internal transcribed spacer 2), and we 
apply the method on three closely related species complexes; Anopheles 
subpictus (n=300), Anopheles sundaicus (n=375) and Anopheles vagus 
(n=200), all of which are closely related to each other. The previous 
morphological and genetic evidence for species delineation in the species 
complexes was also re-assessed. In all three cases it is found that the 
number of described species is different from our inferred number of 
species. Anopheles subpictus is found to contain at least 7 species, two 
of which are morphologically distinct, and have previously been described 
as separate species. There are also two cases of shared mitochondrial 
haplotypes between sympatric species, so identification based on 
mitochondrial genetic data can in these cases be misleading. ITS2 is 
found to be the most reliable species marker, but it may overestimate 
the number of species. Both Anopheles vagus and Anopheles sundaicus 
species complexes are found to only comprise of one species each, but 
in both species there are geographically isolated populations, which may 
have different ecological niches.
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Anopheles triannulatus is a complex of at least three sibling species: An. 
triannulatus s.s., An. halophylus and An. triannulatus “C”. Anopheles 
triannulatus s.l. has been incriminated as a malaria vector in some 
South American countries, especially when it occurs in high densities. 
Morphological and behavioral differences, such as larval habitat 
exploitation, have been described. In addition, molecular analysis using 
isoenzymes detected a barrier to gene flow among the three species in 
sympatry. To decipher the evolutionary forces that may have led to the 
current distribution and genetic history of members of An. triannulatus 
s.l., we analyzed the mitochondrial COI and the nuclear white gene in 
mosquitoes from 7 countries and 15 different locations, including samples 
of sympatric An. halophylus and An. triannulatus ”C” from Salobra, (SW 
Brazil). The median joining network based on the COI gene depicted 
the haplotypes grouping in 7 different lineages with a high number of 
mutational steps between them, a) Panamanian, N and NW Colombian 
and Venezuelan, b) Venezuelan c) N and NE Brazilian, d) Ecuadorian, 
e) NW Colombian, f) SE Brazilian, g) Bolivian, Argentinian and Central 
Brazilian (including An.halophylus and An triannulatus ”C”). In contrast, 
statistical parsimony analysis of white gene showed 4 different clusters, 
1) Panamanian, Venezuelan, Colombian and NE Brazilian (except Ceará), 
2) Venezuelan, Ecuadorian and SW Brazilian 3) An. halophylus and An. 
triannulatus “C” plus SW Brazilian, 4) NE Brazilian (Ceará). Signatures 
of population expansion were detected with the COI gene in NE Brazil, 
Venezuela (Casigua), Panamá (Gamboa) and NW Colombia. Estimated 
time of expansion was during the Pleistocene. Results of Bayesian 
Inference support network lineages, with stronger posterior probabilities 
in the white gene data. Neither marker supports monophyly of any of the 
three taxa. Both markers detected Casigua (Venezuela), as an area where 
lineages converge, supporting the idea of a hotspot for diversity perhaps 
as a consequence of repeated Andean uplifts.

723
Low linkage disequilibrium in Anopheles gambiae 
s.l. populations

Anna Cohuet
Institut de Recherche pour le Développement, Bobo Dioulasso, Burkina 
Faso

In the malaria vector Anopheles gambiae, understanding diversity in 
population biology and genetic components of important phenotypes 
like resistance to malaria infection is crucial to develop new malaria 
transmission blocking strategies and requires the study of polymorphism. 

Linkage disequilibrium determines the density of Single Nucleotide 
Polymorphisms (SNPs) to be genotyped to represent the majority of 
haplotypes present. Here, we aim to determine linkage disequilibrium 
in A. gambiae populations in genes potentially involved in mosquito 
immune responses against pathogens. We analyzed fragments containing 
exons and introns of four immune related genes (Gambicin, NOS, REL2 
and FBN9) distributed on A. gambiae genome in natural populations 
of seven species of the complex. We used already published and new 
sequences. Genes were cloned and sequenced for 8 to 16 individuals 
per population. Detected polymorphisms allowed the measure of linkage 
disequilibrium decay along the genes. In all tested genes and species, 
linkage disequilibrium between SNPs was very low: at a distance of 
less than 200 bp, SNPs were rarely linked to each other. The linkage 
observed in the A. gambiae could be the result of large population sizes 
and high recombination rates. These results are of great interest in the 
development of large scale polymorphism studies for population genetics 
and association studies. It indicates that very fine scale SNP detection will 
be required to detect association to phenotypes of interest in malaria 
transmission and to give a general view of genome polymorphism to 
decipher for example vector immunity, Anopheles-Plasmodium interactions 
or vector behavior.

724
Population genetics of Lutzomyia longiflocosa 
(Diptera: Psychodidae) populations from Colombia 
using the cytochrome oxidase 1 gene

Sahar Usmani-Brown, Leonard E. Munstermann
Yale University, New Haven, CT, United States

During the 2003-2004 epidemic of leishmaniasis in central Colombia, 
an indoor feeding phlebotomine sand fly, Lutzomyia longiflocosa, was 
found to link the disease to a domestic transmission cycle. Because this 
sand fly has a distribution beyond the extents of the transmission zone, 
a molecular genetic assessment was conducted to assess its population 
structure. Three field populations of Lu. longiflocosa from the endemic 
regions of Tello (n=29), and Chaparral (n=28) (Tolima Province) and San 
Antonio (n=10) (Cundinamarca Province) were compared with 620 base 
pairs of the cytochrome oxidase 1 mitochondrial gene. A high-fidelity Taq 
polymerase along with both forward and reverse sequencing was used to 
ensure robustness of the sequencing results. A total of 38 variable sites in 
the sequence were identified in the 67 specimens. Considerable genetic 
differentiation was revealed between the San Antonio and Chaparral/
Tello samples. Prior morphological analysis identified all samples as Lu. 
longiflocosa. However, the molecular genetic results suggested the 
occurrence of a genetically distinct taxon in San Antonio. Of the 620 bp 
sites, San Antonio differed from Chaparral and Tello at 15 segregating 
sites for all of its 10 samples, along with three additional variable sites. 
Chaparral and Tello each had seven segregating sites. A total of 20 
haplotypes were identified with a haplotype diversity of 0.911. Analysis 
in pairwise comparisons resulted in an overall nucleotide diversity (Nei’s) 
of 1.3%. The within population nucleotide diversity was highest for San 
Antonio (0.8%), but similar for Chaparral (0.4% ) and Tello (0.3%). The 
genetic distance was highest between Tello or Chaparral and San Antonio 
(0.038 and 0.039 respectively) and lowest between Tello and Chaparral 
(0.005).
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Hepatitis E outbreak in a low income urban 
community in Bangladesh

M. Jahangir Hossain1, Hossain M S Sazzad1, Shahana Parveen1, 
Saiful Islam1, Labib Imran Faruque1, Shaila Arman1, Dawlat Khan1, 
M. Mushtuq Husain1, Yasmin Jahan1, Mahmudur Rahman1, 
Stephen P. Luby2, Emily S. Gurley1

1International Center for Diarrhoeal Disease Research, B, Dhaka, 
Bangladesh, 2Centers for Disease Control and Prevention, Atlanta, GA, 
United States

On 1 January 2009 a cluster of 10 deaths in women of reproductive age 
with jaundice was identified in an urban slum, adjacent to Dhaka city. The 
team investigated to determine the etiology and generate hypotheses 
about risk factors. Through a household survey, we recorded age and sex 
of those with jaundice (yellow coloration of eyes or skin) since August 
2008 and their illness outcome. We collected epidemiologic and clinical 
information from all identified deaths and from jaundice cases in the same 
compound, along with their serum specimens to test for IgM antibodies 
to hepatitis E (HEV) and hepatitis A viruses (HAV). We tested municipal 
pump water and tap water in houses of the deceased for fecal coliforms. 
We explored the perceptions and causal explanations of jaundice. The 
outbreak occurred in a community with over 50,000 residents at a density 
of approximately 100,000 people per square kilometer. Many residents 
work in the garment sector and 20% migrate in or out of the slum each 
year. The water supply pipelines pass through contaminated surface water 
and open sewers. There were reports of leakage in the main water lines 
due to poor maintenance of old pipes and self connections by residents. 
The slum’s water supply is intermittent, resulting in negative pressure on 
the line that may draw sewage in through breaches in the pipes. The 
samples from the two municipal pumps were clean; however, water 
coming from the households’ taps was highly contaminated (median 
of fecal coliform: 38; range: 12-12,000). Since 1 August 2008, 2,756 
(5.4%) residents reported new onset of jaundice. We identified 18 
jaundice associated deaths; four adult males, 10 adult females (four that 
were known to be pregnant), two neonates, and two stillborn babies 
of mothers with jaundice. Eighty four percent (37/44) of the population 
had IgM antibodies to HEV and 14% (6/44) to HAV. Many residents do 
not think jaundice is a serious disease or associate drinking contaminated 
water with it. This large outbreak of HEV caused 18 deaths in the 
community and is apparently due to contamination of water through 
poorly maintained water supply systems. As more rural poor in South Asia 
move into peri-urban settlements, characterized by marginal water and 
sanitary infrastructure, hepatitis E and other water borne pathogens will 
continue to kill residents. Practical, affordable and effective approaches to 
improve drinking water quality in these rapidly growing communities are 
needed.

726
Filovirus Serourvey Following an Outbreak 
of Marburg Hemorrhagic Fever --- Ibanda and 
Kamwenge Districts, Uganda, 2007

Eileen C. Farnon1, Jennifer A. Adjemian1, Edgar Kansiime2, 
Johanna E. Rahman1, Godfrey S. Bwire2, Samuel Kahirita3, Atek 
Kagirita2, Joseph F. Wamala2, Pierre E. Rollin1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Field Epidemiology and Laboratory Training Program, Ministry of Health, 
Kampala, Uganda, 3Kamwenge District Health Office, Ministry of Health, 
Kamwenge, Uganda

During June-July 2007, three cases of Marburg hemorrhagic fever (MHF) 
occurred among residents of Kamwenge District, Uganda who worked 
in a bat-infested mine in neighboring Ibanda District. The filoviruses 
Marburg virus (MARV) and Ebola virus (EBOV) are both endemic in central 
Africa; fruit bats are the presumed natural reservoir. We conducted a 
cross-sectional, household-based serosurvey in the villages surrounding 

the mine, to estimate the prevalence of antibodies against MARV and 
EBOV, and assess the associations among reported exposures, illness, 
and laboratory evidence of prior filovirus infection. During August 
28-September 1, 2007, we enrolled all members of randomly selected 
households, and collected information about prior exposure to the mine, 
animals, and vectors, and clinical signs and symptoms since the mine 
reopened in January 2009. Blood samples collected on filter strips by 
fingerstick from each participant were tested for immunoglobulin G (IgG) 
antibodies against MARV and EBOV by enzyme-linked immunosorbent 
assay. We enrolled 606 members in 123 of 130 (95%) selected 
households. Among household members enrolled, illness was reported 
in 381 (63%); fever in 301 (50%); any hemorrhagic fever (HF)-like illness 
(fever and bleeding with or without GI symptoms) in 36 (8%); and severe 
HF (fever, bleeding, and GI symptoms) in 22 (4%). Four (0.7%) died, one 
with severe HF, a mortality rate of 5% among those reporting severe HF. 
We tested blood samples from 564 (93%); 7 (1.2%) had evidence of 
prior MARV infection, and 7 (1.2%) others had evidence of prior EBOV 
infection. Prior MARV infection was significantly associated with severe 
hemorrhagic fever (OR 11.5; 95% CI 2.1-63.3); prior EBOV infection was 
not associated with any type of illness. Previous mining was significantly 
associated with prior MARV infection (OR 25.1; 95% CI 5.4-118), but not 
with prior EBOV infection. The seroprevalence of IgG antibodies against 
MARV and EBOV were found to be similarly low, despite recent evidence 
of MARV circulation in this area. The association of mining with prior 
MARV but not EBOV infection is consistent with the hypothesis that the 
reservoir hosts for MARV are cave-dwelling fruit bats and those for EBOV 
are forest dwelling bats. The high percentage of persons reporting HF-like 
illness highlights the need to distinguish among etiologies of HF-like illness 
in filovirus-endemic areas.

727
EPIDEMIOLOGY OF LASSA FEVER IN THE MANO RIVER 
UNION COUNTRIES OF WEST AFRICA, 2004-2008

James J. Bangura1, Joseph Fair2, Augustine Goba2, Sheik H. 
Khan1, Richard Fonnie1, Robert F. Garry2, Lina M. Moses2, Francis 
Nylander3, Jerry Daboi4, Louise Kpoto5, Peter C. Lugala6, Lamine 
Koivogui7, Mamadi Coulibaly8, Margaret Lamunu9, Cathy Roth9, 
Daniel G. Bausch2

1Ministry of Health and Sanitation, Lassa Fever Program, Kenema 
Government Hospital, Sierra Leone, 2Tulane University Health Sciences 
Center, New Orleans, LA, United States, 3World Health Organization, 
Freetown, Sierra Leone, 4Ministry of Health, Monrovia, Liberia, 5Ministry of 
Health and Social Welfare, Monrovia, Liberia, 6World Health Organization, 
Monrovia, Liberia, 7Ministry of Health, Conakry, Guinea, 8Ministry of 
Higher Education and Scientific Research, N’Zerekore, Guinea, 9World 
Health Organization, Geneva, Switzerland

Lassa fever (LF) is a potentially severe illness caused by Lassa virus, which 
is maintained in nature and spread to humans by the rodent Mastomys 
natalensis. Person-to-person transmission also occurs. Hundreds of 
thousands of Lassa virus infections and thousands of deaths are thought 
to occur yearly across West Africa, with most intense transmission in the 
Mano River Union (MRU) countries of Sierra Leone, Liberia, and Guinea, 
and in Nigeria. Civil unrest, human migration and intense perturbation 
of the landscape, underdeveloped surveillance systems, the non-specific 
clinical presentation, and the absence of laboratory diagnostics in 
West Africa have been major impediments to assessing the incidence 
of infection and disease. However, renewed peace in Sierra Leone and 
Liberia in recent years and the establishment in 2004 of a new capacity-
building project--the Mano River Union Lassa Fever Network--create an 
opportunity to reestablish surveillance and provide baseline incidence and 
other epidemiologic data necessary to more accurately assess the burden 
LF poses to the region. We used government and hospital surveillance 
data to identify all cases of LF in the MRU region from 2004-2008. Data 
presented in this abstract are from Sierra Leone, but data from all three 
MRU countries will be presented at the ASTMH meeting. In Sierra Leone, 
729 cases of LF were reported during the 5 year period, with a peak of 
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296 in 2004 and nadir of 51 in 2006. The nadir most likely represents 
diminished case finding as previously active relief organizations left the 
country at the end of the civil war. Most cases were suspected only, since 
laboratory confirmation was not routinely available until 2008, when 42 
confirmed cases were noted. The age group most affected was 25-35 
years, with an almost equal number of females and males. The overall 
5-year case-fatality ratio was 23%, but rose considerably in 2006 (33%) 
and 2007 (47%), again likely due to diminished case finding and late 
presentation for medical care during this period. The incidence of LF was 
highest in the Chiefdoms of Lower Bambara, Dodo, and Nongowa in the 
eastern diamond-mining region of the country. Housewives and miners 
were the most common occupations affected. Although cases were seen 
throughout the year, peak incidence occurred consistently during the dry 
season. These baseline epidemiologic data provide a foundation for future 
systematic monitoring and control of LF in West Africa.

728
Seroprevalence of IgG antibodies against 
phleboviruses in humans in Northern Afghanistan

Gerhard Dobler1, Michael Faulde2, Sabine Schaper1, Sandra 
Essbauer1

1Bundeswehr Institute of Microbiology, Munich, Germany, 2Central 
Institute of the German Armed Forces, Koblenz, Germany

Phleboviruses form an own genus in the familiy Bunyaviridae and are 
transmitted by sandflies to humans. They cause febrile illness and 
meningitis in humans. Although rarely fatal, they are of enormous military 
importance due to their explosive outbreak patterns. Although actual 
data on leishmaniasis, also transmitted by sandflies, in Afghanistan are 
available, information on the prevalence of sandfly fever virus infections 
is not available. We tested 141 sera from adult inhabitants of Koundouz 
region in Northern Afghanistan for seroprevalence of IgG antibodies 
against Sandfly Naples virus, Sandfly Sicilian virus, Toscana virus, and 
Sandfly Cyprus virus. Sera were taken exclusively from male adults. The 
test system used was the biochip containing the four virus antigens fixed 
in infected Vero E6 cells (Euroimmun AG, Lübeck, Germany). Antibodies 
were detected by indirect immunofluorescence technique. Sera were 
screened in a dilution of 1:10. Positive sera were end-titrated in two-
fold dilution steps. 81/141 sera (57.4%) of the sera tested showed a 
positive reaction against any of the four phleboviruses. 46/141 (32.6%) 
sera showed a monospecific or significant (fourfold) IgG titer against 
Sandfly Sicilian virus. 12/141 (8.5%) sera reacted against Sandfly Cyprus 
virus. IgG antibodies against Sandfly Naples virus and Toscana virus were 
prevalent in 5/141 sera (3.5%) each. 13 sera showed non-significant 
titers against more than one sandfly virus and therefore were classified 
as indeterminate. Titers ranged from 1:10 to 1:320. Our results present 
for the first time since several decades the presence and circulation of at 
least 4 different phleboviruses in Northern Afghanistan. Most prevalent is 
Sandfly Sicilian virus. One third of the population tested reacted positive 
against this virus. Lower prevalence rates were found for antibodies 
against the other three phleboviruses. Our data show an intensive 
circulation of the four sandfly fever viruses in the human population. 
These viruses should be included in the differential diagnosis of febrile 
illness and meningitis.
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A profile of influenza virus infection in acute 
respiratory illness in Ghana

William K. Ampofo1, Karl C. Kronmann2

1Noguchi Memorial Institute for Medical Research, Accra, Ghana, 
2NAMRU-3 Ghana Detachment, Noguchi Memorial Institute for Medical 
Research, Accra, Ghana

Introduction: Influenza surveillance was initiated by routine monitoring 
of acute respiratory illness in selected health institutions in Ghana as part 
of national preparedness efforts to the threat of pandemic influenza. 

Methodology: Under the Ghana Health Service, 8 health facilities in 
three regions have, since September 2007, served as sentinel sites. Adult 
patients with abrupt onset of fever >38ºC and at least cough, sore 
throat, coryza, myalgia and headache were recruited as study subjects 
and throat swabs/nasopharyngeal aspirates were collected. Children, 5 
years and below, presenting with body temperature >38OC, cough and 
coryza, at 2 hospitals in the Greater Accra Region were also studied. Virus 
isolation and identification by cell culture and haemagglutination assays 
were done. Additionally, polymerase chain reaction (PCR) assays, anti-
viral susceptibility testing and genetic characterization by sequencing was 
done. Results: As at 6th May 2009, 410 adults and 358 children under 
5 yrs of age (768 patients in total) have been studied with 57 influenza 
virus isolates. Thirty-nine patients were also positive by PCR for influenza 
A infection with 15 H1N1 and 5 H3N2 subtypes identified. Amongst 
the virus isolates, 30 H1N1 and 1 H3N2 influenza A subtypes with 26 
influenza type B (Yamagata lineage) strains have been characterized. 
Two clades of the H1 viruses are apparent and Oseltamivir resistance 
has averaged 59% amongst influenza A H1N1 isolates. No evidence 
of H5N1 infection was found with 3 influenza A infections requiring 
further characterization. Conclusion: Overall, influenza virus infection 
averaged 12.5% and the profile of influenza viruses contributing to acute 
respiratory illness in Ghana has been discerned providing a clear snapshot 
of recent locally circulating influenza viruses. In light of “avian and 
swine” flu outbreaks worldwide, this is an important contribution to the 
World Health Organization’s global influenza surveillance network. With 
the Noguchi Memorial Institute for Medical Research established as the 
‘National Influenza Centre’, Ghana’s Health Service has enhanced capacity 
to detect influenza outbreaks, assess the impact of this virus on health and 
formulate appropriate public health policies.

730
Influenza Sentinel Surveillance-Rwanda, July 
2008-March 2009

Jackson Sebeza1, Alice Kabanda2, Joseph Rukelibuga3, Marie-
Aime Muhimpundu1, Rakhee Palekar4, John Rusine2, Odette 
Mukabayire2, Michael Kramer1

1Trac Plus-MOH, Kigali, Rwanda, 2National Reference Laboratory, Kigali, 
Rwanda, 3Centers for Disease Control and Prevention, Kigali, Rwanda, 
4Centers for Disease Control and Prevention, Baltimore, MD, United States

Influenza viruses cause significant morbidity and mortality worldwide, 
however true disease burden is difficult to assess without a surveillance 
system. In July 2008, Rwanda established an influenza sentinel surveillance 
system to identify patients with respiratory syndromes, who are then 
tested for influenza viruses. We used surveillance data to describe 
Rwanda’s influenza epidemiology. Surveillance was conducted at four 
sentinel sites in Rwanda. Three case definitions were used: influenza-like 
illness (ILI), severe acute respiratory illness (SARI) adult, and SARI child. 
ILI was defined as temperature ≥38°C and cough or sore throat. SARI 
adult was defined as temperature ≥38°C, cough, shortness of breath, 
hospitalization, and age ≥5 years. SARI child was defined as cough or 
difficulty breathing, a respiratory danger sign, hospitalization, and age 
<5 years. For each case identified, a questionnaire was completed with 
demographic, clinical, and exposure information and two specimens 
(nasopharyngeal and oropharyngeal) were collected. Specimens were 
tested by real-time reverse transcriptase polymerase chain reaction 
(real-time RT-PCR) for influenza A and B virus. Surveillance data for the 
period from July 2008-March 2009 were analyzed using Epi-Info 3.5.1. In 
total,127 cases were identified. For all cases, the median age was 7 years 
(range:<1-64 years) and 76 (59.8%) cases were female. In terms of case 
classification, 35.4% (n=45) of cases were ILI, 34.6% (n=44) SARI child, 
and 29.9% (n=38) SARI adult. In total, 91 cases were tested for influenza 
and 16.5% (n=15) tested positive. Of ILI cases tested (n=28), 14.3% (n=4) 
were positive for influenza A and 7.1% (n=2) were positive for influenza 
B. Of SARI adult cases tested (n=29), 24.1% (n=7) were positive for 
influenza A and none were positive for influenza B. Of 34 SARI child cases 
tested, 2 (5.9%) were positive for influenza A and none were positive for 
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influenza B. Of 15 influenza A cases, 13 cases were subtype H3 and 2 
cases were unsubtypeable; the median age was 21 years (range: <1-55 
years) and 4 (30.8%) were male. In conclusiion, in Rwanda, over an eight-
month period, more than 10% of specimens tested positive for influenza, 
with the majority being influenza A, subtype H3. These results are similar 
to surveillance data from surrounding countries. Further assessment of 
seasonal and regional patterns is needed to inform national prevention 
strategies.

731
Spatial Analysis of Hemorrhagic Fever with Renal 
Syndrome in Shandong Province, Eastern China, 
1968-2005

Li-Qun Fang1, Song Liang2, Xian-Jun Wang3, Sake J. de Vlas4, Zhi-
Qiang Wang3, Shao-Xia Song3, Wen-Yi Zhang1, You-Fu Xu1, Hong 
Yang1, Wu-Chun Cao1

1Beijing Institute of Microbiology and Epidemiology, Beijing, China, 2The 
Ohio State University, Columbus, OH, United States, 3Shandong Center for 
Diease Control and Prevention, Jinan, China, 4Department of Public Health, 
University of Medical Center Rotterdam, Rotterdam, The Netherlands

First human cases of hemorrhagic fever with renal syndrome (HFRS) in 
Shandong Province, China were reported in Yuquan County in 1968. Since 
then, the disease has spread across the province where it has become 
one of the most serious HFRS epidemic areas in mainland China. Causes 
underlying such rapid spread and wide distribution, however, remain 
less understood. Here we report a spatio-temporal analysis of human 
HFRS cases in Shandong using data spanning 1968 to 2005. Data were 
collected from records of Shandong Center for Disease Prevention and 
Control. Seasonal incidence maps were generated, velocity vector maps 
were produced to analyze the spread of HFRS over time, and space-
time cluster detection analyses were conducted. Results show a rapid 
propagation of HFRS from its epicenter in Rizhao, Linyi, Weifang regions 
in southern Shandong toward north, east, and west parts of the province. 
Four space-time clusters were detected and three periods were identified 
to show seasonal shifts of HFRS epidemics. The first cluster was identified 
in 1968-1982 when the foci of HFRS was located in the south Shandong 
and the seasonal peak of HFRS cases was between the fall-winter period, 
representing a typical seasonal characteristic of Hantaan virus (HTNV) 
infections. The second was in 1983-1985 during which the foci of 
HFRS spread toward almost all counties on the north and west, and the 
number of HFRS cases increased rapidly. During this period, although the 
number of HFRS cases increased in the fall-winter window and remained 
predominant, the number increased quickly in the spring, especially in new 
foci, reflecting a characteristic pattern of Seoul virus (SEOV) infections. The 
last cluster occurred in 1986-2005 during which the foci of HFRS spread 
north-east to cover all counties, the number of HFRS cases decreased 
and remained predominant in spring. The findings offer insights into 
understanding the causes of spread and distribution of HFRS.
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Management of pneumonia and malaria at the 
community level in Zambia
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Katherine Semrau1, Kazungu Siazeele2, Penelope Kalesha3, Busiku 
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Pneumonia and malaria are the two leading causes of morbidity and 
mortality among children under five in Zambia. In rural areas, most 
sick children including those with malaria and pneumonia are seen by 
community health workers (CHW) because public health facilities are 
not readily accessible. Zambia is now deploying artemether-lumefantrine 
(AL) at the community level for the treatment of malaria, but there are 
concerns about overuse of this expensive drug. For pneumonia, under 
current policy, CHWs refer children to the nearest health facility, which 
may be located some distance away, leading to many children having 
delayed treatment or no treatment at all. This cluster-randomized 
controlled study assessed the effectiveness and feasibility of CHWs 
managing pneumonia and malaria with the aid of rapid diagnostic tests 
(RDTs) in children 6 months to 5 years. Intervention CHWs performed 
RDTs, treated positive cases with AL and treated pneumonia with 
amoxicillin. Control CHWs did not perform RDTs, treated fever with AL and 
referred pneumonia to the health facility. 3125 children (1017 intervention 
and 2108 control) with fever and/or difficult/fast breathing were 
enrolled over a 12 month period. The main presenting complaints were 
(intervention vs. control): fever 94.7% vs. 98.9%; cough 67.8% vs.63.3%; 
difficult breathing 16.8% vs. 6.9%; and fast breathing 35.8% vs. 10.2%. 
27.5% (265/963) of children with fever in the intervention group were 
received AL. In contrast, 99.1% (2066/2084) of control children with 
fever received AL (RR 0.28, 95%CI 0.17 - 0.41). For pneumonia, 68.2% 
(247/362) in the intervention group received early and appropriate 
treatment compared to 13.3% 27/203) in the control group (RR 5.13; 
95% CI 3.04 - 8.66). The RDT positivity ranged from 58.6% in the rainy 
season to 9.6% in the dry season. The capacity of CHWs to use RDTs, AL 
and amoxicillin to manage both malaria and pneumonia at the community 
level is promising and has the potential to reduce over usage of AL and 
provide early and appropriate treatment to children with pneumonia.

733
Antigenic and Phylogenetic Analysis of Influenza 
Viruses in Kenya from 2006-08 within the Context of 
Regional and Global Influenza Drift

David Schnabel1, Wallace Bulimo2, Rachel Achilla2, Tom 
Gibbons3, Scott Gordon1
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2Kenya Medical Research Institute, Nairobi, Kenya, 3United States Air Force 
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The general consensus has been that distinct influenza virus strains tend 
to evolve first in SE Asia before global spread, but the emergence of an 
antigenically distinct strain of Influenza A (H1N1) in North America in 
2009 is evidence that important influenza strain drift or shift can occur in 
other locations in the world. Though historically absent in Africa, sustained 
sentinel influenza surveillance is critical for the detection of virus evolution 
and subsequent vaccine selection. The US Army Medical Research Unit-
Kenya and the Kenya Medical Research Institute developed an influenza 
surveillance network at 8 hospitals dispersed throughout Kenya in 2006-
08. Nasopharyngeal specimens were screened by real-time RT-PCR and 
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then identified by HAI after culture. Isolates were characterized by HA1 
sequencing. 1213 of 7836 specimens (15%) tested positive for influenza 
A and 346 (4%) for influenza B. 230 isolates were characterized and 
submitted to GenBank and WHO. During the first 2 years of surveillance, 
3 clades of Kenya viruses were identified which phylogenetically differed 
significantly from vaccine strains with bootstrap values all over 96%. In 
two cases--a clade of H3N2 isolates collected from Nairobi slums in 2006 
and secondly, among Kenyan 2008 influenza B (Yamagata-like) circulating 
viruses--the phylogenetic difference did not correspond to an antigenic 
difference. HAI data indicated 100% and 97% respective correlation 
with the dominant circulating vaccine strains. The third--all Kenyan H1N1 
viruses detected from early 2007--not only formed distinct branches from 
A/New Caledonia/20/99(H1N1) and A/Solomon Islands/3/2006 (H1N1), 
the 2007 and 2008 S. Hemisphere vaccine strains, but 44% demonstrated 
greater than a 4-fold difference in HAI titers. The fact that the 2007 
Kenya H1N1 viruses which were phylogenetically similar to influenza 
A/Brisbane/59/2007 (H1N1), the recommended 2008 global vaccine 
strain, were circulating much earlier than elsewhere including SE Asia 
demonstrates that E. Africa may be an epidemiologically interesting site 
for the emergence of new strains of influenza.

734
Validation of the Microscopic-Observation 
Drug-Susceptibility (MODS) technique for drug-
susceptibility testing during tuberculosis therapy

Marco Tovar1, Teresa Valencia1, Robert Gilman2, Lucy Caviedes1, 
Eric Ramos3, Jessica Alvarado3, Willi Quino1, Beatriz Herrera1, 
Carlton Evans1

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MD, United States, 
3Asociacion Benefica Prisma, Lima, Peru

The Microscopic-Observation Drug-Susceptibility (MODS) technique 
has proven reliability for diagnosis and concurrent direct isoniazid 
and rifampicin drug-susceptibility testing for patients with suspected 
tuberculosis (TB). However, MODS has not been validated during TB 
treatment, when misleading mycobacterial sub-populations may be 
selected and when antimicrobials in sputum may confound in vitro direct 
drug-susceptibility testing. Consequently, patients whose sputum was 
collected after treatment commenced (or whose pre-treatment MODS 
assay failed) miss the opportunity for a rapid MODS drug-susceptibility 
test. We therefore assessed MODS reliability during TB treatment. Sputum 
samples were collected from the same patients both prior to and during 
TB treatment. Sputa were tested with the MODS technique that provided 
direct concurrent isoniazid and rifampicin drug-susceptibility testing. 
Subsequently, the sub-cultured TB strain was tested with conventional 
indirect drug-susceptibility testing with the alamar blue and tetrazolium 
microplate assays. Results of these direct and indirect tests were compared 
with reference to the patients’ phase of conventional first-line treatment. 
Paired direct MODS and indirect drug-susceptibility results were available 
for 1552 samples, 928 in the month prior to treatment, and 624 during 
therapy. TB therapy had no effect on the accuracy of direct drug-
susceptibility testing relative to indirect testing. Specifically, the agreement 
between direct and indirect testing, respectively, was 92% vs. 91% for 
isoniazid susceptibility; 97% vs. 97% for rifampicin susceptibility; and 
97% vs. 96% for MDRTB testing (all P>0.1). Treatment duration also had 
no effect on the level of agreement (P>0.1). In conclusion, these results 
validate MODS drug-susceptibility testing during treatment. Thus, patients 
who have commenced TB therapy may be offered rapid drug-susceptibility 
testing with the MODS technique.

735
Gaps in the Global Use of Haemophilus influenzae 
type b Conjugate Vaccine

Adam L. Cohen1, Linda R. Ojo1, Rosalyn E. O’Loughlin2, Karen M. 
Edmond2, Sharmila S. Shetty3, Allyson P. Bear3, Jennifer D. Loo1, 
Lois Privor-Dumm3, Ulla K. Griffiths2, Patrick L. Zuber4, Gillian F. 
Mayers4, Rana Hajjeh1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
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International Health, Johns Hopkins Bloomberg School of Public Health, 
Baltimore, MD, United States, 4Department of Immunizations, Vaccines 
and Biologicals, Family and Child Health, World Health Organization, 
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Haemophilus influenzae type b (Hib) causes an estimated 3 million cases 
of meningitis and pneumonia and almost 400,000 deaths worldwide 
per year in children under 5 years of age. Although safe and effective 
vaccines against Hib are available, Hib conjugate vaccines have been 
underutilized in developing countries where most disease occurs. The 
GAVI Alliance provides funding to support Hib vaccine use in the poorest 
of these countries. We assessed progress in global use of Hib vaccine 
using information from the World Health Organization (WHO), the GAVI 
Alliance, Ministries of Health, publications, and country press releases. 
We compared WHO member states’ use of, access to, and plans for Hib 
vaccine over time and stratified by income using World Bank indicators. 
The number of WHO member states using Hib vaccine increased from 92 
(48%) of 192 in 2004 to 143 (74%) of 193 by May 2009; this is projected 
to increase to 162 (84%) of 193 by the end of 2009. The increase was 
greatest among the poorest countries [13/75 (17%) in 2004, 49/72 (68%) 
by May 2009, and 64/72 (89%) projected for 2009]. Higher income 
countries started introduction of Hib vaccine earlier than countries in 
lower income strata; for the first time, in 2008 the proportion of low 
income countries using Hib vaccine was greater than the proportion of 
lower middle income countries that use the vaccine. Thirty-nine percent 
(53 million) of the world’s 136 million infants had access to Hib vaccine in 
2008 compared with 22% in 2006; this is projected to rise to 66% by the 
end of 2009. The three countries globally with the largest birth cohorts 
(India, China, and Nigeria) do not currently use Hib vaccine; however, 
these countries have made steps toward introducing Hib vaccine. The 
recent increase in the use of Hib vaccine worldwide, particularly in the 
world’s poorest countries, shows that focused strategies to accelerate 
introduction of new vaccines in developing countries are feasible and 
effective. The limited increase in Hib vaccine use among lower middle 
income countries not eligible for GAVI funding and some populous 
countries highlights the gaps in Hib vaccine use worldwide and where 
targeted plans are needed.
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736
Treating isoniazid monoresistant TB with standard 
first-line regimens results in high rates of 
treatment failure, TB recurrence and TB-related 
death
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Optimal management of tuberculosis resistant to either isoniazid or 
rifampicin that is not multi-drug resistant (MDR) is poorly defined. In 
resource-poor settings, patients with isoniazid or rifampicin mono-resistant 
TB are usually treated with standard first line TB-treatment regimens. 
Little is known about the long term efficacy of such management. 356 
patients from a community hospital in a peri-urban shanty town in Lima, 
Peru were enrolled after diagnosis of pulmonary TB disease; 309 were 
new TB cases and 47 were cases of retreatment. Patients were tested for 
resistance to rifampicin and isoniazid, and those resistant to both drugs 
(MDR-TB, 21 patients) were excluded. All other patients were followed 
prospectively throughout treatment and interviewed a median of 5 years 
after treatment completion for determination of the relationship between 
isoniazid and rifampicin resistance and failure, recurrence after cure, 
and long term TB-related death. Overall, 39 of 335 (12%) patients had 
laboratory-confirmed monoresistant TB at diagnosis; 29 patients (8.7%) 
had isoniazid monoresistant TB and 10 patients (3.0%) had rifampicin 
monoresistant TB. Among patients with first episodes of TB disease, 
28 (10%) and 5 (1.7%) had isoniazid and rifampicin monoresistance, 
respectively. All new TB patients received six months of standard short-
course chemotherapy and all patients with recurrent TB received nine 
months of first line drugs under the standard national retreatment 
scheme. At follow-up, only 55% of isoniazid monoresistant and 50% of 
rifampicin monoresistant TB patients achieved long-term cure with the 
standard regimens. In addition to poorer treatment outcome, patients with 
isoniazid monoresistant TB and rifampicin monoresistant TB at diagnosis 
suffered significantly higher rates of recurrence after cure and long-term 
TB-related death compared to patients with sensitive strains (p<0.01 in 
all cases). In conclusion, monoresistance to rifampicin and particularly 
isoniazid are relatively common amongst non-MDR TB patients. Long-term 
morbidity and mortality is high when patients with isoniazid and rifampicin 
monoresistant TB are treated with standard first line anti-TB regimens. TB 
therapy should be augmented for patients with isoniazid and rifampicin 
monoresistant TB.

737
Investigations of Close Contacts of Patients with 
Laboratory-confirmed H5N1 Infection in Indonesia, 
in 2007

Vivi Setiawaty, Siti Isfandari, Ni Ketut Susilarini, Krisnanur A. 
Pangesti, Endang R. Sedyaningsih
National Institute of Health Research and Development, Jakarta, Indonesia

Since 2005, 134 patients with H5N1 influenza virus infection have been 
identified in Indonesia including 108 (81%) who have died. Investigation 
of patient contacts and prevention of H5N1 virus transmission within 
the health care setting is a high priority for the Ministry of Health. The 
objectives of this study were to measure the frequency of H5N1 infection 
among close contact of patients with laboratory-confirmed H5N1 
infection and monitor compliance with MOH guideline of using PPE and 

recommendations for antiviral prophylaxis for contacts of H5N1 patients. 
Trained teams investigated family members, neighbors, and health care 
workers who had close contact to H5N1 patients during the course of 
clinical illness. Interviews were conducted to characterize exposure to the 
index patient as well as community exposures to sick poultry. Throat swabs 
from contacts with influenza-like illness were tested by real time RT-PCR 
for evidence of H5N1 infection. Acute and convalescent serum samples 
were tested for antibody to H5N1 virus by hemagglutination inhibition 
assays. Overall, 694 contacts were investigated including 300 (43%) 
Health Care Workers (HCW), 243 (35%) family members, and 151 (22%) 
neighborhood contacts. 54 contacts (21%) reported ILI in the 7 days 
before the interview. HCW were not more likely (OR=1.42, 0.74 <0r<2.71) 
to report ILI than other contacts. Two (0.3%) contacts (a family member 
and a neighbor) tested positive for H5N1 infection and reported exposure 
to sick poultry. Of 54 contacts with ILI, 7 (13%) took tamiflu within 14 
days prior to interview. HCWs were more likely to take tamiflu prophylaxis 
than other contacts. Only 10 (4%) of HCW using complete PPE when 
taking care of H5N1 patients. No contacts had antibody to H5N1 virus. In 
conclusion, we found no evidence of H5N1 virus infection among close 
contacts of patients laboratory-confirmed H5N1 infection. HCWs are not 
reported higher ILI than other contacts. More efforts are needed to ensure 
compliance with MOH recommendations on antiviral prophylaxis and use 
of PPE.

738
Blood Cultures for the Diagnosis of Drug-resistant 
Tuberculosis in Rural South Africa
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Lalloo4, Gerald Friedland1, N. Sarita Shah3
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Hospital, Tugela Ferry, South Africa, 3Albert Einstein College of Medicine, 
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Multidrug-resistant and extensively drug-resistant tuberculosis (MDR 
and XDR TB) have emerged as critical pathogens in KwaZulu-Natal 
(KZN), South Africa, associated with HIV infection and rapid mortality. 
Alternatives are needed to detect drug-resistant TB in patients (pts) unable 
to expectorate or with extrapulmonary TB (EPTB). The yield of blood 
cultures for MDR and XDR TB is unknown and blood may provide additive 
yield compared to sputum. A retrospective analysis was performed on 
all pts who had a single mycobacterial blood culture from 09/01/06-
12/31/08 at a rural district hospital in KZN. Blood cultures were sent in pts 
suspected of drug-resistant TB or EPTB. Specimens were inoculated into 
Bactec MycoF-lytic bottles. Drug-susceptibility testing was performed on 
all positive specimens. MDR TB was defined as resistance to isoniazid and 
rifampicin, and XDR TB as additional resistance to a fluoroquinolone and 
an injectable second-line drug. Sputum samples were analyzed if obtained 
within 2 weeks before or after the blood culture. Analysis included 130 
pts. Median age was 31.5 years (range: 7 months-62 years), with 73 men 
(56%) and 57 women (44%). 115 pts were HIV-infected (88%), with a 
median CD4 count of 100 cells/mm3 (IQR 28-190). 89 pts (68%) were 
on TB treatment, 42 (32%) had a prior history of TB, and 45 (35%) had 
signs of EPTB. Blood cultures were positive for Mycobacterium tuberculosis 
(M. tb) in 41 (32%) of 130 patients, of which 8 (20%) were MDR TB and 
20 (49%) were XDR TB. Sputum culture was negative or unattainable 
in 21 (16%) pts, of whom 57% had MDR or XDR TB isolated from the 
blood. Pts on antiretrovirals were less likely to have M. tb in the blood, 
OR 0.26 [0.11-0.62] p=0.002. Having signs of EPTB was not predictive 
of mycobacteremia. In conclusion, blood cultures provide a significant 
additive yield for drug-resistant TB in pts with HIV from rural South Africa. 
Mycobacteremia was not restricted to pts with signs of EPTB and should 
be considered in pts suspected of drug-resistant TB, especially those 
unable to produce sputum.
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IL-15 Maintains a Reservoir of Central Memory CD8 T 
cells that are Required for Protracted Protection 
Against Plasmodium berghei Infection

Urszula Krzych, Nick Steers, Joanne Lumsden, Dmitri Berenzon, 
Dmitry Liepinsh, Robert J. Schwenk
Walter Reed Army Institute of Research, Silver Spring, MD, United States

The maintenance of optimally effective memory T cells is required for long-
lasting protective immunity against many pathogens. Protracted protection 
against human and murine malaria is achieved by multiple immunizations 
with radiation-attenuated (γ) Plasmodia sporozoites (γ-spz). In the P. 
berghei (Pb) γ-spz system, protection is associated with the presence 
of liver CD8 T cells that comprise two phenotypically and functionally 
discrete sets: CD8 T effector memory (TEM) cells (CD44hiCD45RBloCD62L-) 
and CD8 T central memory (TCM) cells (CD44hiCD45RBhiCD62L+). CD8 TEM 
cells secrete IFN-γ upon spz challenge. It is generally accepted that IL-15 is 
required to maintain homeostatic proliferation of CD8 TCM cells. Although 
indolent producers of IFN-γ, the CD8 TCM cells from Pbγ-spz- immunized 
mice express higher levels of CD122, the common β chain shared 
by the IL-2R and IL-15R, than CD8 TEM cells. In this study we asked if 
immunization with Pbγ-spz could protect IL-15 KO mice against sporozoite 
challenge and by extension if CD8 TCM cells are needed for protection. The 
results demonstrate that following immunization with Pbγ-spz both WT 
and IL-15 KO mice are protected against an initial challenge. However, 
unlike WT mice, upon a re-challenge 2 months later, the IL-15 KO mice 
lose protection, and this is accompanied by a reduced proliferation of CD8 
T cells as measured by BrdU incorporation. Interestingly, the capacity of 
CD8 T cells to produce IFN-γ was lower in the IL-15 KO mice than in the 
WT mice at both the initial challenge and at re-challenge. On the basis of 
these observations, we hypothesize that the maintenance of protection 
induced by Pbγ-spz depends on a conscription process whereby the 
CD8 TCM cells constitute a reservoir of partly activated T cells that slowly 
proliferate to IL-15 and that upon re-infection differentiate into CD8 
TE cells. Supported by NIH Grant AI 46438 and the U.S. Army Medical 
Research and Materiel Command.
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Liver cCD8α+DC from Mice Immunized with Radiation-
attenuated Plasmodium berghei Sporozoites 
Mediate the Induction of Liver Effector CD8+ T cells 
against Pre-erythrocytic Stage Infection

Ousman Jobe, Robert J. Schwenk, Urszula Krzych
Walter Reed Army Institute of Research, Silver Spring, MD, United States

Immunization with radiation (γ)-attenuated Plasmodia sporozoites (γ-spz) 
confers sterile and long-lasting immunity against malaria liver-stage 
infection. In the Plasmodium berghei (Pb) γ-spz model, protection is linked 
to liver CD8+ T cells that express an effector/memory (TEM) phenotype, 
(CD44hiCD45RBloCD62Llo ), and produce IFN-γ. However, neither the 
antigen presenting cells (APC) that activate these CD8+ TEM cells nor the 
site of their induction have been fully investigated. In the present study, 
we demonstrate that multiple exposures of mice to Pb γ -spz lead to a 
progressive and nearly concurrent accumulation in the liver but not the 
spleen of both CD11c+NK1.1- DC and CD8+ TEM cells. Upon adoptive 
transfer, liver CD11c+NK1.1- DC from Pb γ -spz-immunized mice induced 
protective immunity against sporozoite challenge. Because conventional 
(c)CD8α + DC (a subset of CD11c+ DC) are considered the major inducers 
of CD8+ T cells, we asked whether the cCD8α + DC might be involved in 
the activation of CD8+ TEM cells. In an in vitro system, liver cCD8α + DC 
from Pbγ-spz immune mice induced naïve CD8+ T cells to express the CD8+ 

TEM phenotype and to secrete IFN-γ and the CD8+ T cell activation was 
inhibited by anti-MHC class I and anti-IL-12 mAbs. These data suggest that 
liver cCD8α + DC present liver-stage antigens to activate CD8+ TEM cells, 
the pre-eminent effectors against pre-erythrocytic malaria. These results 
provide important implications towards a design of anti-malaria vaccines. 

Supported by NIH Grant AI 46438 and the U.S. Army Medical Research 
and Materiel Command.
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Expression of Foxp3, IL-10 and TGF-β1 in IP-10 deficient 
C57BL/6 mice with experimental cerebral malaria
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Cerebral malaria (CM) is a major cause of malaria mortality in children 
in endemic countries. Although the precise mechanism is not known, 
sequestration of malaria infected red blood cells and leukocytes in brain 
vessels coupled with the production of pro-inflammatory factors by T 
cells have been shown to mediate CM. Recently, IP-10, a chemokine 
involved in recruiting T cells, was reported to be significantly up 
regulated in cerebrospinal fluids and sera of Ghanaian CM patients 
and C57BL/6 mice deficient for this chemokine were less susceptible 
to experimental CM. Depletion of IP-10 enhanced the production of 
regulatory T cells (T regs) and cytokines IL-10 and TGF-β1. Conversely, 
high expression of IP-10 resulted in loss of regulatory T cells. Regulatory 
T cells (CD4+CD25+Foxp3+) regulate excessive production of pro-
inflammatory factors by secreting suppressive markers IL-10 and TGF-β1. 
We hypothesized that enhanced T regs production in IP-10 knockout 
mice will modify the outcome of ECM. To this end, IP-10-/- and wild type 
(WT; C57BL6) mice were infected with P. berghei ANKA parasites after 
which plasma, peripheral blood mononuclear cells (PBMC) and brain 
samples were collected at days 2, 4 and 8 post infection. Foxp3, IL-10 
and TGF-β1 were evaluated and compared in IP-10-/- and WT mice using 
ELISA, quantitative real time PCR and in vitro restimulation assays. Results 
confirmed that IP-10-/- mice survived longer than WT during the infection 
and that IL-10 in infected IP-10-/- plasma was significantly up regulated 
(p< 0.05) compared with infected WT at day 2 and 4 pi. TGF-β1 in plasma 
was significantly (p< 0.05) down regulated in all infected mice compared 
with the controls. Foxp3 mRNA was induced at day 2 in PBMCs and brains 
of infected IP-10-/- compared with WT. Thus, P. berghei infection up 
regulates IL-10 in plasma and Foxp3 in PBMCs and brain in IP-10-/- mice 
than in WT and down regulates plasma levels of TGF-β1. However, there 
was high production of TGF-β1 by P. berghei antigen restimulated IP-10-
/- CD4+CD25+ T cells than WT CD4+CD25+ T cells. Interestingly, there 
was no difference in IL-10 production by P. berghei antigen restimulated 
CD4+CD25+ T cells in both IP-10-/- and WT. We conclude that during P. 
berghei ANKA infection, deleting IP-10 results in increased early expression 
of Foxp3 in PBMCs and brain with high production of IL-10 in plasma 
which tends to be protective against fatal ECM.

742
Interferon-α Promoter Haplotypes and 
Susceptibility to Severe Malarial Anemia
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Cytokines are important for regulating the immune response to 
Plasmodium falciparum. Dysregulation in the cytokine balance during 
falciparum malaria can enhance the development of severe malarial 
anemia (SMA), particularly in children less than 4 yrs. of age. We have 
previously shown that interferon (IFN)-α is suppressed in Gabonese 
children with severe malaria, characterized by reduced hemoglobin (Hb) 
levels and/or hyperparasitemia. IFN-α is a pleiotropic cytokine of the 
type I interferon family that bridges innate and adaptive immunity. The 
role of (IFN)-α in regulating clinical outcomes in children with SMA has 
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not been reported. The aim of this study was, therefore, to investigate 
the relationship between IFN-α promoter polymorphisms (-173A/T 
and -884T/A), functional changes in IFN-α production, and SMA in 
parasitemic children (n=476; 3-36 mos.) from a holoendemic P. falciparum 
transmission region of western Kenya. Genotypes were determined by 
5’-allelic discrimination assay, circulating IFN-α was measured by multiplex 
analyses, and complete co-infection and hematological parameters were 
determined by standard methods. Stratification of children according 
to SMA status revealed that the SMA group (Hb<6.0 g/dL) had lower 
circulating IFN-α than the non-SMA group (P=0.02). Multivariate logistic 
regression analyses of individual genotypic variants, controlling for 
age, gender, HIV-1 status, bacteremia, and sickle-cell trait, showed that 
heterozygocity at -884 (TA) was associated with an increased risk of 
SMA [OR, 2.09 (95% CI, 1.19-3.68); P=0.01] and reduced circulating 
IFN-α relative to wild-type individuals (TT; P=0.03). Haplotypic analyses, 
controlling for appropriate co-factors, revealed that -173T/-884A was 
associated with an increased risk of SMA [OR, 2.14 (95% CI, 1.06-4.32); 
P=0.03] and lower circulating IFN-α (P=0.12). Thus, variation in the IFN-α 
promoter at -173 and -884 conditions increased susceptibility to SMA and 
reduced circulating IFN-α, suggesting that appropriate production of IFN-α 
is required for protection against the development of SMA.

743
Identification of HLA restricted CD8+ T-cell epitopes 
on the Plasmodium falciparum AMA1 protein
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3Queensland Institute of Medical Research, Brisbane, Australia, 4GenVec, 
Gaithersburg, MD, United States, 5United States Agency for International 
Development, Washington DC, United States

Plasmodium falciparum apical membrane antigen-1 (AMA1) is a leading 
malaria vaccine candidate antigen. We used computerized algorithms 
(NetMHC software) to predict and rank potential AMA1 8-10-mer 
peptide sequences according to Class I binding affinities for 6 HLA alleles 
expressed by human volunteers immunized with an experimental AMA1 
vaccine. Synthetic peptides representing selected 9-mer epitopes, as well 
as 15-mer peptide pools spanning AMA1, were screened by ELIspot for 
capacity to be recognized by recall responses from immunized volunteers. 
These volunteers were immunized with a single dose of two recombinant 
adenovectors (serotype 5) encoding PfAMA1 and Pf circumsporozoite 
protein respectively (1x10e10 particle units each construct). ELISpot 
responses peaked at 28 days, with summed responses recalled by 12 
peptide pools spanning AMA1 averaging 1037 spot forming cells/million 
PBMC’s (range 353 to 2193). Peptides were designated as the predicted 
minimal epitope (8-11 mer) for the corresponding 15-mer if the predicted 
binding affinity as measured by the 50% inhibitory concentration (IC50) 
was less than 500 nM. Fourteen minimal epitopes restricted by a panel of 
HLA alleles that included HLA-B*1801 (4), HLA-A*0201 (2), HLA-B*4402 
(1), HLA-A*0101 (2), HLAB*0801 (2), HLA-A*6802 (2) and HLA-A*3002 
(1), as well as the original pools used for initial screening, were assayed 
by ELISpot and ICS assays. Four of these 14 minimal epitopes restricted 
by HLA B*1801 (2 epitopes, 2 volunteers), HLA A*0101 (1 epitope, 2 
volunteers), or HLA B*0801 (1 epitope, 2 volunteers) were recognized 
as positive by one or more volunteers. Studies are ongoing to identify 
additional PfAMA1-specific class I HLA-restricted epitopes as well as 
class II restricted CD4+ T cell epitopes. Such epitopes have the potential 
to facilitate the determination of immunogenicity of candidate malaria 
vaccines as well as to form a component of broad population coverage 
multi-epitope vaccine.
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by Acute Plasmodium falciparum Malaria Infection 
in Malian Children
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Polyparasitism is common in the developing world. Patent helminth and 
Plasmodium infections elicit natural T regulatory cells (Tregs). A functional 
deficit of Tregs cells may be associated with reduced P. falciparum 
acquisition. In a prospective study assessing the effect of underlying S. 
haematobium on the acquisition and frequency of falciparum malaria, 
we previously demonstrated that schistosomiasis-positive (SP) Malian 
children, aged 4-8 years, have less malaria, prolonged onset until the first 
clinical episode and reduced parasitemias during that episode than age, 
gender and residency-matched schistosomiasis-negative (SN) children. To 
understand the immunological basis of these observations, immunologic 
responses at the cellular level were measured using an optimized 10-color 
flow cytometry protocol. Peripheral blood mononuclear cells (PBMC) 
derived from 11 SP and 9 SN children presenting with symptomatic 
malaria during the wet season and again during the dry season were 
evaluated. Controlling for age, the time to first malaria infection was 
105 days after enrollment for SP children compared to 22.6 days in SN 
children (Mean: 6.3 years). Levels of Tregs (Vivid-CD3+CD4+CD25hiCD69-

FoxP3+) were noted to be significantly lower in children with dual infection 
compared to SN children with malaria (0.51 versus 1.52%, P=0.049). 
Dry season T regs levels were similar in SP and SN children, as well as in 
SP children who remained malaria free through the malaria transmission 
season (0.82 vs. 1.25 vs. 1% respectively). Detectable IL-10 and TGF-β 
production was measured in response to both malaria and schistosomal 
antigens but did not appear to originate predominantly from T regs. 
Limited numbers of α-CD25 depletion studies suggest that enhanced IL-2 
and IFN-γ is detected after stimulation of depleted PBMC with malaria 
antigens in both SP and SN children and to schistosomal antigens in SP 
children. These results support a potential functional deficit of T regs 
in helminth-infected children which may mediate protection against 
falciparum malaria.

745
Antenatal Infection with Schistosomiasis Increases 
Susceptibility to Malaria in Kenyan Children

Indu Malhotra1, Peter Mungai1, Alex Wamachi2, John H. Ouma3, 
Davy Koech2, Eric Muchiri4, Christopher L. King1

1Case Western Reserve University, Cleveland, OH, United States, 2Kenya 
Medical Research Institute, Nairobi, Kenya, 3Kenyatta University, Nairobi, 
Kenya, 4Division of Vector Borne Diseases, Nairobi, Kenya

We have previously observed that a subset of offspring of malaria infected 
women acquire a putatively tolerant immune phenotype in utero that is 
associated with increased susceptibility to malaria during childhood. We 
hypothesize that antenatal exposure to parasitic helminths in women 
co-infected with malaria contributes to this immune tolerant phenotype 
by downmodulating the fetal immune responses to blood-stage malaria 
antigens. To examine the impact of helminths (schistosomiasis, lymphatic 
filariasis and/or hookworm) on malaria susceptibility we undertook a 
prospective cohort study of 700 newborns in a malaria endemic region 
of Kenya in which children were examined every 6 months from birth to 
36 months of age for Plasmodium falciparum infection and the presence 
of malaria antigen-specific T cell responses. Overall 26% of the pregnant 
women were co-infected with helminths and malaria, 16% with malaria 
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and 34% with helminths alone as determined parasitologically. SWAP-
specific (adult worm antigen for Schistosoma haematobium) IgG4 was 
detected in 38% of mothers. There was 2 fold increase in risk of malaria 
infection in offspring of women co-infected with schistosomiasis based on 
presence of ova or SWAP IgG4; OR 2.1 (95% CI 1.22-3.6) P=0.007 and 
OR 2.0 (95% CI 3.46-1.19) P=0.009 respectively, compared to offspring 
of women without schistosomiasis as measured by frequency of blood 
smear positivity. Antenatal infection with lymphatic filariasis or intestinal 
helminths was not associated with increased malaria risk in infants. The 
increased susceptibility to malaria infection in offspring of women with 
schistosomiasis and malaria was associated reduced malaria-antigen-driven 
IFN-γ production by peripheral blood mononuclear cells compared to 
offspring of women infected with malaria alone OR 0.53 (95% CI 0.86-
0.38) P=0.008. Thus, schistosomiasis and malaria co-infections during 
pregnancy enhance the risk for malaria infection during infancy. Treatment 
of women for schistosomiasis during pregnancy may have a beneficial 
effect on malaria susceptibility in childhood.

746
Combination of benznidazole and nifurtimox 
plus posaconazole enhances activity against 
Trypanosoma cruzi in experimental Chagas disease

Maria Terezinha Bahia1, A. Talvani1, Shing Chang2, Isabela 
Ribeiro3

1Laboratório de Doença de Chagas, Núcleo de Pesquisa em Ciências 
Biológicas, Universidade Federal de Ouro Preto (UFOP), Ouro Preto, Brazil, 
2Drugs for Neglected Diseases initiative (DNDi), Geneva, Switzerland, 
3Drugs for Neglected Diseases initiative (DNDi) - Latin America, Rio de 
Janeiro, Brazil

Chemotherapy for Chagas disease (CD) remains unsatisfactory, with 
limited efficacy and high toxicity reported for the two available drugs, 
nifurtimox (Nfx) and benznidazole (Bz). Posaconazole (Ps), a novel 
antifungal triazole derivative, shows potent in vitro and in vivo anti-
Trypanosoma cruzi activity and suitable pharmacokinetic properties. 
Combination therapy of anti-infective drugs is a known strategy to 
potentially improve treatment efficacy, reduce treatment dose, duration 
and toxicity, and could also prevent resistance development. A two-staged 
approach was used to investigate the efficacy of Ps combined with either 
Bz or Nfx in mice infected with T. cruzi Y strain: i) determine sub-optimal 
doses in monotherapy in murine model of acute Chagas; ii) evaluate 
additive and synergistic effects of combination of sub-optimal doses. 
Female Swiss mice were inoculated with 5.0x103 trypomastigotes, tail 
blood was examined 4 days post-inoculation, and treatment begun after 
T. cruzi detection. Each animal received daily drug suspension by gavage 
for 7 consecutive days. Treatment doses varied. Time to parasitaemia 
suppression and reactivation, peak parasitaemia and survival were 
assessed. The treatment scheme, parasitemia suppression, parasitemia 
reactivation (day), and parasitemia peak, and survival rate (%) as follows: 
Bz/Ps (50/10mg) 1.4+0.55 10 21.600 (22nd) 100%; Bz/Ps (50/5mg) 
1.33+0.52 10 60.000 (22nd) 100%; Bz/Ps (25/10mg);  1.67+0.52 10 
40.166 (26th) 100%; Bz/Ps (25/5mg) 1.16+0.41 7 11.133 (27th) 100%; 
Nfx/Ps (25/10mg) 1.5+0.55 11 63.333 (27th) 100%;  Nfx/Ps (25/5mg) 
1.33+0.52 11 27.333 (27th) 100%;  Nfx/Ps (12.5/10mg) 1.0+0.0 10 
68.666 (27th) 84%;  Nfx/Ps (12.5/5mg) 1.16+0.41 9 68.666 (27th) 
100%;  Bz 100mg 1.33+0.52 5 10.000 (17th) 100%;  Nfx 50mg 1.0+0.0 
5 8.333 (16th) 100%; and Ps 20mg 1.33+0.51 12 11.333 (24th) 100%. 
In conclusion, our results demonstrated a clear synergistic effect for both 
combinations, with reduction of mortality and parasitemia suppression 
observed in animals treated with ½ and ¼ of the curative dose as 
compared with mice receiving same dose of individual drug. These data 
will be confirmed in a 20-day acute murine model.

747
Calculating drug needs and costs for treating 
visceral leishmaniasis in the Indian subcontinent 
and Africa using local patient anthropometric 
data

Michael O. Harhay1, François Chappuis2, Suman Rijal3, Shyam 
Sundar4, Piero L. Olliaro5

1University of Pennsylvania, Philadelphia, PA, United States, 2Geneva 
University Hospitals, Travel and Migration Medicine Unit, Geneva, 
Switzerland, 3B.P. Koirala Institute of Health Sciences, Dharan, Nepal, 
4Institute of Medical Sciences, Banaras Hindu University, Varanasi, India, 
5UNICEF/UNDP/World Bank/WHO Special Programme on Research and 
Training in Tropical Diseases (TDR), World Health Organization, Geneva, 
Switzerland

Antimony is the traditional first-line treatment for visceral leishmaniasis 
(VL), but is now ineffective in India and Nepal. Presently, other drugs 
and drug combinations are or are becoming available and a campaign 
to eliminate VL in the Indian subcontinent has begun. With increasing 
access, forecasting drug supplies and costs is integral to preparing and 
sustaining new efforts and delivery. All treatments are dosed in mg/kg 
body weight. We collected anthropometric data on 5103 patients with VL, 
of whom age and weight data was available for 4975 patients presenting 
to clinics in Kenya (n=1765, 33.7%), India (1496, 28.5%), Nepal (1043, 
24.9%) and Uganda (671, 12.8%).  Median (25-75 percentiles, IQR) age 
was 12 (7-20, 13) years in Kenya, 14 (8-30, 22) in India, 23 (13-35, 22) 
in Nepal and 12 (7-20, 13) in Uganda. Mean weight [kg] (std dev) was 
30.9 (15.0) in Kenya, 30.4 (14.1) in India, 35.7 (13.2) in Nepal and 31.9 
(14.8) in Uganda. Median weight (25-75 percentiles) was 28.5 (17.5-45) 
in Kenya, 30 (17-42) in India, 39 (26-45) in Nepal and 29.8 (18.6-45) in 
Uganda. Overall, 63% were male and 37% female. Most women were 
of child bearing age, especially in India and Nepal. Patients from Nepal 
were older and heavier. Options for treating VL in these countries are: 
(i) in Kenya and Uganda: (a) sodium stibogluconate (SbV); (b) liposomal 
Amphotericin B (AmB) and (ii) in India and Nepal: (a) AmB; (b) miltefosine 
(MF); (c) paromomycin (PM); (d) combinations of AmB plus MF or PM. 
We calculated treatment costs related to cost of drug in these various 
countries based on prospective ITT population of 1000 patients. For AmB 
the WHO recommends 20mg/kg as split dose (10mg/kg allowed for the 
Indian subcontinent) the projected drug costs were $163,700 (10mg/kg)-
286,000 (20 mg/kg) for India, $194,210-331,820 for Nepal, $297,220 for 
Kenya, and 298,940 for Uganda. Implications of findings suggects that the 
drug cost component varies considerably between different treatments. 
Unit prices are negotiated between international organizations like the 
WHO and the manufacturer and may depend on volumes. These findings 
permit (i) calculating population-tailored drug costs and volumes; and (ii) 
projecting demand (and hence negotiated prices) at both national and 
international levels.
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748
SCYX-6759, an Orally Bioavailable Oxaborole 
6-carboxamide, Achieves Therapeutically Relevant 
Exposure in Brain and CSF Leading to 100% Cures 
in a Mouse Model of CNS-stage Human African 
Trypanosomiasis

Stephen Wring1, Cyrus Bacchi2, Beth Beaudet1, Tana Bowling1, 
Daitao Chen1, Robert Don3, Yvonne Freund4, Eric Gaukel1, Kurt 
Jarnagin4, Matthew Jenks1, Luke Mercer1, Bakela Nare1, Andy 
Noe1, Matthew Orr1, Robin Parham1, Jacob Plattner4, Cindy 
Rewerts1, Jessica Sligar1, Nigel Yarlett2, Robert Jacobs1

1SCYNEXIS Inc., Research Triangle Park, NC, United States, 2Pace University, 
New York, NY, United States, 3Drugs for Neglected Diseases initiative, 
Geneva, Switzerland, 4Anacor Pharmaceuticals Inc., Palo Alto, CA, United 
States

Human African Trypanosomiasis (HAT) is caused by infection with the 
protozoan parasite Trypanosoma brucei (T.b.), which is transmitted 
through the bite of a tsetse fly. The initially blood-borne parasite crosses 
the blood-brain barrier to establish a potentially fatal infection in the 
brain. Currently, treatment of the central nervous system (CNS) infection 
is unreliable because standard of care medications struggle to achieve 
therapeutically relevant exposure in brain and cerebrospinal fluid (CSF). 
Here we report rodent plasma:brain:CSF levels for several oxaborole 
6-carboxamides that in each compartment sustain levels above an in vitro 
minimum inhibitory concentration (MIC) against T.b. spp. One of the best 
compounds, SCYX-6759, affords prolonged plasma half-life (>10hr) and 
low oral (PO) and intra-venous (IV) clearance (10% liver blood flow) in 
rodents, and brain concentrations above the in vitro T.b.brucei and T.b. 
rhodesiense MIC for 8 and 12 hr in mice and rats, respectively following 
a single oral 50mg/kg dose. This dose administered intra-peritoneally (IP), 
twice daily over 14 days achieved a 100% cure rate in a mouse CNS HAT 
model. In the rat, oral SCYX-6759 achieved dose proportional exposure 
with 100% bioavailability. Intra-venous volume of distribution was 4.6 
L/kg indicating good tissue distribution. Disposition in plasma and CNS 
compartments will be compared between rodents (following IP and PO 
delivery), and non-human primates. A preliminary PK-pharmacodynamic 
(PD) relationship linking exposure in plasma and CNS to efficacy in mouse 
acute and CNS infections will be discussed. PK-PD modeling will be 
supported by in vitro time-to-kill data.

749
Identification of new aminoquinoline compounds 
active against visceral leishmaniasis using an ex 
vivo model system

Alex G. Peniche1, Bruno L. Travi1, Elvia Y. Osorio1, Adam R. 
Renslo2, Peter C. Melby1

1South Texas Veterans Health Care System/University of Texas Health 
Science Center, San Antonio, TX, United States, 2University of California-
San Francisco, San Francisco, CA, United States

The identification of new drugs for visceral leishmaniasis is needed 
because of the well known toxicity of current drugs and the increasing 
drug resistance of Leishmania donovani. We have previously evaluated > 
4,000 small molecules in a novel medium throughput screening system 
that utilizes an ex vivo spleen explant of hamsters infected with luciferase-
transfected L. donovani. This ex vivo system, unlike others, allows the 
identification of active compounds in amastigote-laden macrophages 
in the presence of other immune (Th1-Th2) cells. With this approach 
we have identified 84 chemically diverse lead compounds with activity 
against L. donovani as determined by an in vitro therapeutic index 
(IVTI: cytotoxic concentration 50% / effective concentration 50%) >5. 
Evaluation of 75 lead compounds revealed high discrepancy between 
the activities determined in the ex vivo model vs. cultured promastigotes 
(79% of the molecules had higher EC50 in promastigotes). Among the 
lead compounds quinoline-based molecules were highly represented 

(~20%). Since quinoline derivatives have strong chemical tractability 
and good drug-likeness, we further analyzed 65 commercially available 
aminoquinoline analogs and found some compounds with anti-leishmanial 
activity in the range of 1 microM concentration. 13% of the analogs 
(8/59 4-AQ and 1/6 8-AQ) had an IVTI >5 (range 1-63). Preliminary data 
obtained from a small number of 4-AQ (n=5) to which liver microsomal/
cytosolic fraction S9 was added to the ex vivo system suggested that 
some (2/5) analogs may suffer modifications during first pass metabolism, 
decreasing its anti-Leishmania activity while others were not affected and 
probably represent better leads for oral administration. Therefore, the in 
vitro efficacy-activity determinations are currently being complemented 
by ADME studies before taking leads into the animal preclinical trials. 
Aminoquinolines constitute a fast track for the identification of novel anti-
Leishmania therapeutic agents to treat visceral leishmaniasis.

750
Antileishmanial activity of selected FDA-approved 
drugs in a murine cutaneous leishmaniasis model

David Saunders1, Qiqui Li2, Misty Carlson2, Lisa Xie2, Qiang 
Zheng2, Jing Zhang2, Juan Mendez2, John Tally2, Suping Jiang2, 
Peter Weina2, Alan Magill2, Max Grogl2
1Armed Forces Research Institute of the Medical Sciences, Bangkok, 
Thailand, 2Walter Reed Army Institute of Research, Silver Spring, MD, 
United States

Current therapeutic options licensed in the U.S. for cutaneous 
leishmaniasis (CL) are extremely limited. Current intravenous therapies, 
such as sodium stibogluconate have considerable associated toxicities, 
and are suboptimal means of treating a self-limited skin disease, albeit 
a potentially debilitating one. Oral azoles have shown modest efficacy 
in limited settings. The limited local therapies available are generally 
suitable only for uncomplicated lesions. There is a need for a safe oral 
drug for CL. We recently presented a large scale effort to screen already 
FDA-approved drugs for in vitro activity against Leishmania major, using 
infected macrophages. To date 1100 drugs have been screened in vitro. 
We established an L. major-infected BALB/c screening model to test 
drugs with potent in vivo activity (IC50 less than 10 mcg/mL). The model 
was optimized to both a foot pad and base of tail inoculation site, and 
validated against known active positive controls. Candidate drugs were 
first subjected to a rigorous decision matrix to determine suitability for 2-4 
weeks of continuous oral therapy, favorable pharmacokinetics, and prior 
testing in vivo or in humans. Drug screening is currently ongoing. We will 
report on the results of the top 5-10 candidate drugs in the in vivo mouse 
model. Most of the active substances belong to categories of fungicides, 
antibiotics, anti-asthmatics, antiprotozoals and antidepressants. The 
intent of our strategy is to accelerate the process of antileishmanial drug 
development with reduced cost and shortened timelines.

751
Novel Compounds For The Treatment Of Chagas 
Disease

Martine Keenan1, Wayne M. Best1, Tanya Armstrong2, Andrew 
Thompson2, Susan Charman3, Karen White3, Robert Don4, Thomas 
W. von Geldern5

1Epichem Pty Ltd., Murdoch, Australia, 2Murdoch University, Murdoch, 
Australia, 3Monash University, Parkville, Australia, 4Drugs for Neglected 
Diseases initiative, Geneva, Switzerland, 5Embedded Consulting, 
Richmond, IL, United States

In embarking on a project to find a novel antiparasitic drug effective 
against Trypanosoma cruzi (the causative agent of Chagas disease), we 
have examined a wide variety of structurally diverse “hit” compounds. 
Many of these compounds have been previously reported in the literature 
to have activity against T. cruzi while others were identified by us using 
a more speculative process of screening a variety of compounds based 
on their known biological activity and/or mode of actions against 
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other organisms. These hits included a number of natural products, 
pharmaceuticals and agrochemicals. Following a short hit-to-lead 
programme for each hit involving synthesis and biological testing of the 
original hit plus a small number of their analogues, we have been able 
to eliminate most of these hits due to lack of potency, toxicity, or other 
intractable properties. Only a few of the hits met our selection criteria 
and were progressed further as “lead” compounds. One lead in particular 
has already shown considerable promise. Within just a few iterations of 
analogue synthesis and biological assessment, the IC50 of compounds in 
this class has fallen to the very low nM range. Some chemistry, biology, 
structure-activity relationships, and pharmacokinetics of this and other 
classes of lead compounds will be discussed.

752
Transport of Pentamidine and Furamidine in Rat 
and Human Hepatocytes

Xin Ming, Qiang Liu, Richard R. Tidwell, James E. Hall, Michael Z. 
Wang
University of North Carolina at Chapel Hill, Chapel Hill, NC, United States

Aromatic dicationic molecules, e.g. pentamidine and furamidine, exhibited 
potent antiparasitic activity. However, pentamidine and furamidine 
accumulated in major drug-elimination organs, including the liver, at 
substantially higher concentrations than those measured in plasma, as 
reported previously. The significant and prolonged organ accumulation 
of these compounds likely contributed, at least in part, to the tissue-
specific toxicities. Recently, pentamidine and furamidine were reported 
previously to be substrates of human organic cation transporter 1 (OCT1) 
using stably transfected Chinese hamster ovary cells. The objective of this 
study was to delineate the role of Oct1/OCT1 in the hepatic sinusoidal 
transport of pentamidine and furamidine using sandwich-cultured rat 
and human hepatocytes. In both rat and human hepatocytes, the uptake 
of pentamidine (1 μM) was linear up to 10 min. Uptake of pentamidine 
was significantly inhibited by 1 mM ranitidine (66%; an OCT1 substrate) 
and by 30 μM NBMPR (35%; an equilibrative nucleoside transporter 
(ENT) inhibitor). In rat hepatocytes, the uptake of furamidine (1 μM) was 
linear up to 10 min. However, no statistically significant inhibition of 
furamidine uptake was observed with either 1 mM ranitidine or 30 μM 
NBMPR. These results indicate that Oct1/OCT1 may play a major role in 
the hepatic sinusoidal uptake of pentamidine, but other transporters like 
ENT may also contribute. In addition, neither Oct1/OCT1 nor ENT appears 
to be responsible for the hepatic uptake of furamidine, which is yet to be 
characterized.

753
Response of human skin equivalents to Sarcoptes 
scabiei mites and extract

Marjorie S. Morgan, Larry G. Arlian
Wright State University, Dayton, OH, United States

The innate/inflammatory response of the host skin provides the first line 
of defense to the invasion of the ectoparasitic mite Sarcoptes scabiei that 
encounters and damages keratinocytes and fibroblasts as it burrows into 
the stratum corneum. In previous studies, keratinocyte and fibroblast 
monocultures responded to scabies mite extracts by modulating the 
secretion of an array of cytokines but little is known about the interaction 
between these cell types in response to scabies mites or extract. This 
study examined the response of cultured human skin equivalents (HSEs) 
composed of fibroblasts and keratinocytes in a collagen matrix, to 
burrowing scabies mites and to mite extracts. HSEs were inoculated on 
the surface with live mites or mite extract, or with extract added to the 
medium below the dermal surface. Samples were collected from the 
media reservoirs to monitor the secretion of selected cytokines during the 
48-hr incubation. All HSEs produced increasing levels of IL-6, IL-8, G-CSF, 
GM-SCF, GROα, and VEGF over time with live mites inducing significantly 
increased levels (from 2- to 8-fold above controls) of these cytokines by 48 

hrs. CTACK and MCSF showed elevated secretion by bottom-inoculated 
HSEs at 6 and 12 hrs but thereafter all HSEs secreted similarly increasing 
amounts. Only bottom-inoculated HSEs secreted TGFα and TSLP at early 
times and these levels waned with time. Although MCP-1 secretion by 
all HSEs increased over time, the levels produced by surface-inoculated 
HSEs were always below control levels. No IL-1β was ever detected and 
only live mites elicited appreciable levels of IL-1α. While mite-induced 
IL-1RA secretion was significantly increased at 48 hrs, the level of this 
cytokine waned over time for the other HSEs with bottom-inoculated 
HSEs exhibiting notably suppressed amounts. This study demonstrates that 
HSEs, like component monocultures, modulate the secretion of an array 
of cytokines in response to challenge with scabies mites or extract with 
the burrowing of live mites resulting in the most robust responses by these 
tissues.

754
Surveillance of Rickettsial Pathogens isolated 
from ticks in the Republic of Georgia

Tamasin R. Yarina1, Todd E. Myers1, John S. Lee2, Monica L. 
O’Guinn3, Nicolas Tsertsvadze4, Nino Vephkhvadze5, Giorgi 
Babuadze4, Ketevan Sidamonidze4, Maka Kokhreidze5, Marina 
Donduashvili5, Allen L. Richards1

1Naval Medical Research Center, Silver Spring, MD, United States, 2United 
States Army Medical Research Institute of Infectious Diseases, Ft. Detrick, 
MD, United States, 3Armed Forces Institute of Pathology, Washington, 
DC, United States, 4National Centers for Disease Control, Tbilisi, Georgia, 
5Laboratory of the Ministry of Agriculture, Tbilisi, Georgia

Active surveillance of tick-borne pathogens, including Rickettsial 
pathogens, have been conducted in the Republic of Georgia using tick 
surveys. This study analyzed ticks that were collected in the Republic of 
Georgia, speciated utilizing standard classification techniques, and pooled 
according to species (n=84). DNA from the tick pools were isolated and 
real-time PCR analysis was performed to screen the pools for the presence 
of rickettsial species. Rickettsial species were identified through sequence 
analysis of multi-locus sequencing of the genes ompA, ompB and geneD. 
The Rickettsial pathogens, Rickettsia slovaca (21.43% of the pools), R. 
raoultii (4.76% of pools), R. aeschlimanni (17.86% of pools), and R. 
mongolotimonae (1.19% of pools) were identified and confirmed with the 
respective percentages as an indicator of prevalence within the collected 
population. The above pathogens are all members of the spotted fever 
group of Rickettsia. This study points to the fact that spot fever group 
pathogens in the Republic of Georgia are fairly prevalent and may be 
responsible for illnesses associated with spot fever like symptoms.

755
Ultrastructural study of Aedes albopictus Skuse, 
1895 (Diptera: Culicidae) hemocytes

Fabio A. Brayner-Santos1, Helena R. Araujo2, Luiz C. Alves1, 
Paulo F. Pimenta3

1National Institutes of Health, Rockville, MD, United States, 2Intitute Rene 
Rachou-IRR, Belo Horizonte-Minas Gerais, Brazil, 3Institute Rene Rachou-
IRR, Belo Horizonte-Minas Gerais, Brazil

Mosquitoes have an efficient defense system against infection. Insect 
blood cells (hemocytes) play an essential role in cellular defense responses 
to parasites and other pathogenic organisms. The aim of the present 
study was to characterize distinct morphological types of hemocytes of 
Aedes albopictus transmission electron microscopy. Hemolymph was 
obtained from 300 for day old females by perfusing the thorax with 
fixative solution. Colleted hemocytes were processed using standard 
techniques. Were found six types of hemocytes in the hemolymph of Ae. 
albopictus: prohemocytes, plasmatocytes, adipohemocytes, granulocytes, 
oenocytoids, and thrombocytoids. The prohemocytes were the smallest 
cells with the cytoplasm occupying only a narrow area around the nucleus. 
The plasmatocytes are polymorphic and exhibit plasma membrane with 
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irregular processes (pseudopodia and philopodia). The adipohemocytes are 
the most abundant cell type present. These hemocytes exhibited a large 
lipid like vesicle and mitochondria are visible. In granulocytes a cytoplasm 
containing dilated rough endoplasmatic reticulum and a round or 
elongated mitochondria is observed in electron microscopy. Oenocytoids 
have many mitochondria and ribosomes are scattered throughout a 
homogeneous cytoplasm, and abundant rough endoplasmatic reticulum 
and small smooth endoplasmatic reticulum. Trombocytoids are very fragile 
cells and few in number. They have a homogeneous cytoplasm with poorly 
developed organelles, few mitochondria and granules. This study describes 
the ultrastructure of six types of hemocytes present in Ae. albopictus 
adults female, each with individual morphological characteristics.

756
Microgeographical analysis of genetic structure 
and reinfestation dynamics of Triatoma infestans 
populations in northern Argentina

Paula L. Marcet1, Matias S. Mora2, Ana P. Cutrera2, Ricardo E. 
Gürtler3, Uriel Kitron4, Ellen Dotson1
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Eco-epidemiología - FCEN-UBA, Buenos Aires, Argentina, 4Department of 
Environmental Studies, Emory University, Atlanta, GA, United States

The control of Triatoma infestans, the main vector of Chagas disease 
in South America, has had limited success in the Gran Chaco region 
due to high recolonization rates. A better understanding of the genetic 
structure, dispersal dynamics and phylogeographic relationships among 
T. infestans populations is needed in order to determine the source of 
reinfesting bugs and help design improved vector control strategies. We 
conducted a micro-geographical population structure study, analyzing the 
multilocus genotype of 780 T. infestans collected in houses of rural villages 
in Santiago del Estero province, northern Argentina during pre and post 
spraying surveys using 10 microsatellite loci. Genic and genotype diversity 
were assessed for populations at each capture site, pair-wise comparisons 
between sites and bayesian based individual assignment were performed. 
Significant levels of substructure within villages and capture sites were 
detected. Migration among capture sites and colonization from multiple 
sources are likely causes of the genetic structure of T. infestans populations 
detected in these communities. A significant impact of vector control 
actions was reflected in the genetic structure of villages under different 
control pressure. Taking into account the total genetic pool available from 
two baseline pre-spraying studies, results showed that most bugs captured 
post-spraying could have originated from spraying survivors from within 
each community, and putative source were identified. Thus, these results 
provide support to the hypothesis of reinfestation by local survivors that 
actively disperse to neighboring sites. In addition, evidence of gene-flow 
among villages reinforces the need of establishing vector control efforts 
beyond the village level.

757
A RAPID ASSAY FOR THE DETECTION OF ALL FOUR DENV 
SEROTYPES IN MOSQUITOES

Maria E. Mayda1, Zahra Parker1, Kirti Dave2, Michael J. Turell3, 
Tobin Rowland1, Russell Coleman4, Daniel Strickman5

1Walter Reed Army Institute of Research, Silver Spring, MD, United 
States, 2VecTOR Test Systems, Inc, Thousand Oaks, CA, United States, 
3Virology Division, United States Army Medical Research Institute of 
Infectious Diseases, Fort Detrick, MD, United States, 4United States Army 
Medical Materiel Development Activity, Fort Detrick, MD, United States, 
5Veterinary, Medical, and Urban Entomology, USDA, ARS, Beltsville, MD, 
United States

Dengue virus infections have undergone dramatic expansion in range, 
affecting several tropical and subtropical regions of the world. In addition, 
it is a threat to military forces deployed to endemic areas, causing 

life-threatening complications characterized by dengue hemorrhagic 
fever and dengue shock syndrome. Rapid detection assays for DENV-
infected mosquitoes are key to the early identification of areas at risk of 
disease outbreak and will provide for a more timely assessment of the 
disease threat and the targeting of dengue and vector control efforts 
in endemic areas; this is especially important when targeting infected 
adult mosquitoes that pose an immediate threat to non-immune people 
in the area. Other measures of virus activity that require at least 24 
hours and usually several days have limited relevance for adult mosquito 
control efforts. Because no rapid test systems are available for the 
detection of dengue virus in the vector, we developed a hand-held 
immunochromatographic rapid assay similar to the West Nile virus and 
St. Louis encephalitis virus VecTESTTM assays. We evaluated different 
combinations of capture and detector monoclonal antibodies, and 
resultant dipsticks were readily able to detect mosquitoes infected with 
each of the four DENV serotypes. Data on sensitivity and specificity as well 
as the relationship between numbers of gene copies and plaque forming 
units (PFU) will be presented.

758
Characterization of hemocytes from Aedes aegypti 
and Aedes albopictus

Luiz C. Alves1, Helena R. Araújo2, Fabio A. Baryner-Santos1, Paulo 
F. Pimenta3

1National Institutes of Health, Rockville, MD, United States, 2Institute Rene 
Rachou, Belo Horizonte-Minas Gerais, Brazil, 3Intitute Rene Rachou, Belo 
Horizonte-Minas Gerais, Brazil

Insects are important vectors of human disease. Hemocytes mediate 
cellular responses that defend insects against pathogens such as parasites 
and other foreign bodies. This work aims to characterize the hemocytes 
of Aedes aegypti and Ae. albopictus, two important dengue vectors. 
Collection and identification of hemocytes is difficult due to the limited 
amount of hemolymph and cells present in circulation in small insects. 
Hemocytes were harvested from hemolymph obtained by mosquito thorax 
perfusion. Cells were spread in glass slides, processed analyzed by light 
microscopy. Hemocytes were fixed and also labelad with FITC-fluorescent 
lectins (ConA, WGA, LPL, PNA, HPA and BS1), and analyzed laser scanning 
microscopy. Phagocytosis assays were conducted by injecting FITC-latex 
beads into the mosquito thoraxes followed by hemolymph collection. Our 
results show that Ae. aegypti and Ae. albopictus hemocyte populations 
are composed of six different cell types that vary in size and morphology 
(prohemocytes, adipohemocytes, granulocytes, plasmatocytes, 
oenocytoids, and thrombocytoids). Hemocytes isolated from Ae. albopictus 
express ligands to ConA, WGA, BS1 and HPA lectins, but PNA and LPL 
lectins did not bind in any hemocytes. All fluorescent lectins (ConA, WGA, 
LPL, PNA, HPA and BS1) labeled Ae. aegypti hemocytes. The phagocytosis 
assay showed that only granulocytes and plasmatocytes ingest latex beads 
in Ae. albopictus. However, in Ae. aegypti, only granulocytes internalized 
the latex beads. The present study describes two new types of hemocytes 
in Ae. aegypti (prohemocytes and plasmatocytes) and describes six types 
of hemocytes of Ae. albopictus. These results begin to form a knowledge 
base for our ongoing studies on hemocyte function, and their involvement 
in controlling infections.

759
Evaluation Resting Behavior of Aedes aegypti using 
Mark-Release-Recapture Design and Experimental 
Huts, Peru

Fanny Castro-Llanos1, Hortance Manda2, Amy Morrison1, Victor Lopez1, 
Nicole L. Achee2,
John P. Grieco2, Kirk Mundal1
1United States Naval Medical Research Center Detachment, Iquitos, Peru, 
2Department of Preventive Medicine and Biometrics, Uniformed Services 
University of the Health Sciences, Bethesda, MD, United States 
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Dengue is one of the most important disease currently. Aedes aegypti is 
the primary vector of dengue. Preventive measures in the adult stage are 
the most effective method for reducing disease transmission however 
chemical control is becoming difficult due to: environmental concerns, 
adverse health effects, and insecticide resistance. For these reasons the 
efforts underway to identify a novel compounds for use against the adult 
stage. Identify preferred mosquito resting in the indoor sites will help 
to development new strategies for adult Ae. aegypti prevention inside 
homes. This study is part of larger research program focused on dengue 
vector control whose long-term objective is develop a novel Insecticide 
treated material system to reduce the mosquito inside homes. That was 
developed in experimental huts in Iquitos, Peru. The objective of this study 
was determined the preferred resting location of marked female adult Ae. 
aegypti inside experimental huts to report variation in resting behaviour in 
response to material texture: (dark vs. Light material) in different varying 
coverage ratios of both materials (75%, 50%, and 25%). The results 
from this study will be used to guide experiments: hut entry and exit 
behavioural studies with chemically treated materials.

760
Oral-mediated gene silencing of a fat body gene of 
Rhodnius prolixus

Pamela Pennington, Mabel Taracena, Claudia Umaña, Ana L. de 
Montenegro, Celia Cordón-Rosales
Universidad del Valle de Guatemala, Guatemala, Guatemala

Rhodnius prolixus, a vector of Chagas disease, is an obligate 
hematophagous insect used as a model to study insect physiology. 
Intrathoracic delivery of dsRNA in fourth instars is effective at silencing 
salivary gland heme proteins. However, oral delivery of dsRNA was less 
effective. The dose and route of dsRNA delivery are important variables 
in gene silencing efficacy for genes expressed in different tissues. Oral-
mediated silencing of the Rhodnius heme binding protein gene, a gene 
expressed in the fat body, was evaluated.

761
Ehrlichiae and spotted-fever group rickettsiae in 
ticks from Tennessee

Sara Cohen1, Michael Yabsley2, James Freye3, Brett Dunlap3, 
Junjun Huang1, Meghan Rowland1, Daniel Mead2, John Dunn1, 
Timothy Jones1, Abelardo C. Moncayo1

1Tennessee Department of Health, Nashville, TN, United States, 2University 
of Georgia, Athens, GA, United States, 3United States Department of 
Agriculture, Animal and Plant Health Inspection Service, Wildlife Services, 
Madison, TN, United States

Amblyomma americanum (L.), A. maculatum Koch, Dermacentor variabilis 
(Say), Ixodes texanus (Banks), I. cookei Packard, and I. scapularis (Say) were 
collected from 31 counties in Tennessee by the United States Department 
of Agriculture, Animal and Plant Health Inspection Service, Wildlife 
Services (USDA-APHIS-WS) and the Tennessee Department of Health 
(TDH) by examining wild animals and dragging flannel sheets through 
vegetation. Ticks were collected from April 2007 to September 2008 
and sent to the TDH Vector-Borne Diseases Laboratory for identification 
and pathogen detection via molecular testing. Ticks were individually 
homogenized and DNA was extracted. For detection of Ehrlichia 
chaffeensis, a real-time polymerase chain reaction (PCR) targeting the 16S 
rRNA gene was conducted and for Ehrlichia ewingii, a nested, species-
specific conventional PCR targeting the 16S rRNA gene was conducted. 
A PCR targeting the RompA gene of spotted fever group rickettsiae 
(SFGR) was conducted as previously described using primers Rr190.602n 
and Rr190.70p. To identify rickettsiae to species, positive samples were 
subjected to a restriction fragment length polymorphism assay (RFLP) by 
digestion of the amplicons with Rsa1 and Pst1. All positive E. chaffeensis, 
E. ewingii and SFGR samples were verified by sequence analysis. Overall, 
E. chaffeensis was detected in 2.6% (2/309) of A. americanum and E. 

ewingii in 0.8% (2/238). Ehrlichia spp. DNA was not detected in any 
tick species other than A. americanum. All positive ticks were identified 
in the Interior Plateau and Southeastern Plains ecoregions where the 
majority of human ehrlichiosis cases are reported in Tennessee. A single A. 
americanum adult male (0.2% of total) was positive for R. parkeri. This is 
the first report of R. parkeri identified in Tennessee. Only two specimens of 
A. maculatum, the primary vector of R. parkeri, were collected in our study 
period, supporting previous reports that this tick species is uncommon 
in Tennessee. In contrast, A. americanum is ubiquitous in high densities 
throughout the southeastern United States. SFGR DNA was detected in 
27% of ticks. Three rickettsial species, Rickettsia montana, R. amblyommii, 
and R. cooleyi, were identified by RFLP and sequence analysis. Rickettsia 
rickettsii was not detected suggesting that some RMSF cases reported in 
Tennessee may be due to cross-reactivity with other SFGR antigenically 
related to R. rickettsii.

762
Demonstration of Paratransgenic Phlebotomus 
argentipes

Heidi Hillesland1, Ivy Hurwitz1, Rajesh Kumar2, Ravi Durvasula1, 
Vijay Kumar2, Pradeep Das2, Annabeth Fieck1

1University of New Mexico, Albuquerque, NM, United States, 2Rajendra 
Memorial Research Institute of Medical Sciences, Patna, India

Leishmaniasis is a global health concern with an estimated 12 million 
people infected and 367 million at risk. Visceral leishmaniasis (VL) is the 
most devastating form of the disease and, if left untreated, has a mortality 
approaching 100% within two years. The disease is caused by a protozoan 
kinetoplastid flagellate and transmitted through the bite of an infected 
sand fly. The greatest number of cases of VL are reported in Bihar, India. 
Two hundred fifty thousand cases are reported in India annually and, of 
those, 90% are from the state of Bihar. In India, the causative agent is 
Leishmania donovani and the leading vector is Phlebotomus argentipes. 
Our group has been developing a novel strategy for targeting L. 
donovani within the vector, termed paratransgenesis. In paratransgenesis, 
commensal or symbiotic bacteria found at mucosal sites of transmission 
are isolated and genetically altered to elaborate molecules that kill the 
infectious agents. Transgenic bacteria are delivered back to insect vectors 
to block pathogen transmission. A microbiology analysis of the gut flora of 
P. argentipes flora was performed and revealed several nonpathogenic soil 
bacteria that could be used in the paratransgenic system including Bacillus 
megaterium, Bacillus subtilis, and Bacillus pumilus. These bacteria were 
transformed with a shuttle plasmid that expresses GFP and with three 
antimicrobial peptides with leishmaniacidal activity: mellitin, magainin, and 
cecropin. When fed to 4th instar P.argentipes larvae, we demonstrated the 
transstadial passage of transformed B. subtilis to the emergent sandfly. 
These results suggest that the addition of the transgenic bacteria to the 
soil at P. argentipes breeding sites could be a feasible paratransgenic 
approach to control of vector transmission of L. donovani.

763
Promising Strategy for Visceral Leishmaniasis 
Control Utilizing Nanoparticle Delivery of Effector 
Molecules

Heidi Hillesland1, Scott Matthews1, Rajesh Kumar2, Ivy Hurwitz1, 
Annabeth Fieck1, Ravi Durvasula1, Gabriel Lopez1, Pradeep Das2, 
Vijay Kumar2

1University of New Mexico, Albuquerque, NM, United States, 2Rajendra 
Memorial Research Institute of Medical Sciences, Patna, India

Engineered nanoparticles provide efficient means to deliver a payload 
with increased specificity. Dextran sulfate-chitosan nanoparticles 
possess a number of desirable properties including stability at low pH, 
mucoadhesion, low toxicity, biodegradability and high zeta potential. In 
this study we suggest a novel application for dextran sulfate-chitosan 
nanoparticles: targeting Leishmania donovani within the sand fly vector, 
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Phlebotomus argentipes, and/or targeting the vector itself. L. donovani is 
the leading causative agent of visceral leishmaniasis (VL), a devastating and 
understudied disease which disproportionally afflicts the poor. Methods 
for VL disease prevention have been hindered by sand fly resistance to 
DDT. The female sand fly acquires the parasite during a blood meal and 
transmission occurs during a second blood meal. Prior to the blood meal, 
the female sand fly will feed on a sugar meal. Dextran sulfate-chitosan 
particles are stable in acidic dextrose solution and P. argentipes acquire 
the nanoparticles within their gut when fed the nanoparticles suspended 
in a dextrose solution. Additionally, the nanoparticles remain stable within 
the acidic gut environment. The particles release their payload with an 
increase in gut pH, mimicking the change in gut pH which occurs with a 
blood meal. Dextran sulfate-chitosan particles delivered via baited traps 
may provide an effective means to deliver leishmaniacidal or insecticidal 
molecules to P. argentipes.

764
Clinical factors correlated to positive serologic 
test in meningitic angiostrongyliasis

Kanlayanee Sawanyawisuth, Kittisak Sawanyawisuth
Khon Kaen University, Khon Kaen, Thailand

Meningitic angiostrongyliasis, caused by Angiostrongylus cantonensis, 
can be diagnosed by clinical criteria. Confirmatory serologic tests are 
not widely available and have varied sensitivity. We would like to find 
clinical predictive factors for the positive serologic result in clinically-
diagnosed meningitic angiostrongyliasis patients. A case-control study 
was conducted at Khon Kaen University, Thailand. Consecutive adults 
clinically diagnosed with meningitic angiostrongyliasis were enrolled. 
Subjects with positive and negative serologic test were defined as cases 
and controls, respectively. Multiple logistic regression analysis was used 
to assess the clinical variables predictive of the positive serologic result 
including exposure history, clinical signs and symptoms, and laboratory 
data. Between 1996 and 2007, 75 patients diagnosed as meningitic 
angiostrongyliasis had serologic results. Of those, there were 49 cases 
and 26 unmatched controls. Baseline characteristics and laboratory 
results were comparable. There were three clinical factors remaining in 
the final model predictive for having positive serologic result; including 
male gender, cerebrospinal fluid protein more than 100 mg/dL and 
cerebrospinal fluid eosinophils more than 40%. Only cerebrospinal fluid 
eosinophils had significant adjusted odds ratio of 4.970 (95% confidence 
interval 1.337-18.477). In conclusion, in facilities with paucity of serologic 
test, having cerebrospinal fluid eosinophils more than 40% was predictive 
for having positive serologic test for meningitic angiostrongyliasis.

765
A retrospective analysis of health and school 
outcomes of a school based malaria programme 
in Mangochi district, Malawi

Bertha Nhlema Simwaka
Malaria Control and Evaluation Partnership for Africa Learning Community, 
Lusaka, Zambia

We investigated retrospectively the effect of the school malaria treatment 
programme on mortality, sickness, repetition and drop out of school. 
The intervention involved training teachers in presumptive management 
of malaria cases among students, community engagement in advocacy 
and supervision, monitoring and evaluation. The intervention was 
implemented in a malaria perennial district of Mangochi in Malawi since 
2000. The development of the intervention took place from 200 to 2001; 
actual implementation started in the year 2002 to 2006. The evaluation 
covered the academic years from 2001/2002 to 2005/2006. Propensity 
score matching was used to select schools and control for covariates of 
selection. Difference-in-difference was used to evaluate the effectiveness 
of the intervention. Survival analysis for drop out and repetition was 
undertaken using Kaplan Meier. The results showed that the intervention 

had a significant effect in reducing repetition and drop out of schools. The 
mortality rates between intervention and non-intervention schools were 
not significant. Future research activities should consider investigating the 
feasibility of training teachers to use rapid diagnostics tests to improve 
case finding in the context of the new expensive first line drug, ACT.

766
Detection of Entamoeba histolytica, Giardia 
intestinalis and Cryptosporidium spp. antigen by 
use of Luminex xMAP Technology

Rashidul Haque1, Zannatun Noor1, Mamun Kabir1, Dinesh 
Mondal1, Li Chen2, Joel Herbein2, William A. Petri, Jr.3

1International Center for Diarrhoeal Disease Research, B, Dhaka, 
Bangladesh, 2TechLab, Inc., Blacksburg, VA, United States, 3University of 
Virginia, Charlottesville, VA, United States

Entamoeba histolytica, Giardia intestinalis, and Cryptosporidium spp. 
are the three most important and common diarrhea-causing parasitic 
protozoa. Microscopic diagnosis of these parasites is neither sensitive 
nor specific. Recently, more specific and sensitive alternative molecular 
methods (PCR, real-time PCR and antigen detection tests) have been 
introduced for all three of these parasitic infections. Recently, the Luminex 
xMAP technology has been employed for genotyping and detection 
of microrganisms. Luminex xMAP technology (Luminex Corp., Austin, 
Texas) is a microsphere-based multiplexing system where microsphere 
are internally dyed with various proportions of red and infrared dyes, 
producing different spectral that are detected by two lasers of Luminex 
machine. In this study, we have evaluated a Luminex multiplex assay that 
simultaneously detects E. histolytica, G. intestinalis and Cryptosporidium 
spp. in one reaction. Twenty three E. histolytica, 38 G. intestinalis and 25 
Cryptosporidium spp. positive stool samples and 40 stool samples negative 
for these three parasites as detected by the TechLab’s ELISA based antigen 
detection tests (TechLab, Blacksburg, Virginia) were tested by this Luminex 
multiplex assay in one reaction. All antigen detection tests positive stool 
samples were also positive by this Luminex assay and none of the 41 
stool samples negative by the antigen detection tests was positive by 
this Luminex assay. More evaluation of this Luminex multiplex assay in 
comparison to other molecular tests for detection of these intestinal 
protozoan parasites is currently underway and data will be presented.

767
Laboratory Confirmed Diagnoses of Acute Febrile 
Illness in Ghana

Karl C. Kronmann1, Guillermo Pimentel2, Naiki Puplampu3, 
Shirley Odoom3, Janice Tagoe3, Edward Nyarko4, Prince 
Agbenohevi4, Gregory Raczniak1, Jamal Dejli2, Michael Wilson3, 
Kwadwo Koram3

1Naval Medical Research Unit No. 3, Ghana Detachment, Accra, Ghana, 
2Naval Medical Research Unit No. 3, Cairo, Egypt, 3Noguchi Memorial 
Institute for Medical Research, Legon, Ghana, 437th Military Hospital, 
Accra, Ghana

The most common diagnosis of acute febrile illness in sub-Saharan 
Africa is malaria. Because this infection is so common in this area, and 
because there are limited laboratory tests available at most locations, the 
diagnosis is often a clinical one. In Ghana, the National Malaria Control 
Program has set a goal of increased laboratory confirmation of malaria 
diagnoses. Since June 2008, we have collected samples from all patients 
who agreed to participate and who presented to one of two participating 
hospitals in the Greater Accra region of Ghana with acute febrile illness. 
Acute febrile illness is defined as history of fever present for between 
two and fourteen days with documented T > 38 C. One hundred and 
ninety eight patients have been enrolled so far, and one hundred and 
seventy two have both clinical diagnosis and final laboratory results for all 
currently performed tests. These tests include malaria microscopy, blood 
culture and serology. Serologic tests for Q fever, rickettsia, leptospirosis, 
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brucellosis, West Nile fever, and the Widal test are currently performed. 
Laboratory confirmed malaria is defined as clinical diagnosis of malaria 
with positive microscopy. Positive blood cultures with bacteria other than 
coagulase negative staphylococcus are considered a laboratory confirmed 
diagnosis. Positive serologic tests are determined by fourfold increase in 
titer, where convalescent samples were obtained, or by strongly positive 
acute samples. The positive acute samples are classified as probable or 
confirmed cases. Of the one hundred and seventy two cases with full data, 
73, or 42%, meet definition for laboratory confirmed diagnosis. The most 
common diagnosis is malaria, which accounts for 122 (71%) of the clinical 
diagnoses, with 40 of these being laboratory confirmed. Other laboratory 
confirmed diagnoses in the 172 cases have been typhoid fever (7.6%), 
Q-fever (8.1%), rickettsia (4.6%), other bacteria (3.5%), and leptospirosis 
(1.7%). This shows that while malaria is the most common etiology, only 
33% of clinical diagnoses of malaria were confirmed by microscopy. It also 
suggests that co-infections may be common - occurring in 11% of clinical 
diagnoses and 16% of laboratory confirmed cases. Lastly, it suggests the 
need for further investigation, since only 42% of cases had a laboratory 
confirmed diagnosis, an important fact for physicians who will be seeing 
more febrile patients with negative malaria tests.

768
Etiology of febrile diarrhea in Perú and Paraguay, 
2001-2009

Ryan C. Maves1, David Cepeda1, Michael J. Gregory1, Maria 
Bernal1, Rosa Burga2, Jessica Vasquez2, Juan Perez1, Nicolas 
Aguayo3, Victor R. Ocaña4, Eduardo Gotuzzo5, Eric R. Hall6, 
Tadeusz J. Kochel1
1United States Naval Medical Research Center Detachment - Peru, Lima, 
Peru, 2United States Naval Medical Research Center Detachment - Peru, 
Iquitos, Peru, 3Rayos del Sol, Asuncion, Paraguay, 4Centro de Salud I 4 
Pachitea, Piura, Peru, 5Universidad Peruana Cayetano Heredia, Lima, Peru, 
6United States Naval Medical Research Center, Silver Spring, MD, United 
States

Fever and diarrhea are common in the developing world. Initial clinical 
management may be challenging, especially in resource-constrained 
settings with limited diagnostics. We describe here the results of an 
ongoing surveillance program in patients in Perú and Paraguay presenting 
with fever and diarrhea. Patients with fever >38.0 C and diarrhea for less 
than seven days were offered enrollment. Those participants enrolling 
from malaria-endemic regions underwent thick and thin blood smear 
testing for Plasmodium. Acute and convalescent serum specimens were 
obtained along with stool specimens. Species identification of bacterial 
enteropathogens was confirmed through routine biochemical and 
serologic procedures, with antimicrobial susceptibility testing performed 
by Kirby-Bauer disk diffusion testing per CLSI guidelines. Serum specimens 
were tested by viral culture and PCR for arboviruses and by paired acute 
and convalescent IgM ELISA for viral and rickettsial antibodies. A total of 
621 patients with fever and diarrhea were identified. In Perú, 296 were 
from Cusco, 204 from Iquitos, 36 from Piura, and 13 from Tumbes; an 
additional 72 were from Asunción, Paraguay. Bacterial enteropathogens 
were identified in 235/621 (37.8%). Shigella species were a majority 
of stool isolates (170/235, 72.3%), most often S. flexneri (122/170), 
followed by Salmonella (51/235, including 2/235 S. typhi), ETEC (31/235), 
and Campylobacter (6/235). S. flexneri isolates showed high rates of 
resistance to ampicillin (69.2%), erythromycin (50.8%), and cotrimoxazole 
(64.2%). Ciprofloxacin resistance was noted in 4.5% of ETEC but 71.4% 
of Campylobacter. Arboviral sources of infection were detected by PCR, 
viral culture, or serology 85 cases (13.7% of the total 621 patients), 
mostly dengue viruses (48/85, 56.5%). One case of Plasmodium vivax 
infection but no cases of P. falciparum were identified from this survey. 
In conclusion, Shigella, Salmonella, and dengue viruses were the most 
commonly identified sources of fever and diarrhea in patients presenting 
in this passive surveillance network. In rural settings with higher incidences 
of both Plasmodium vivax and falciparum, greater emphasis on malaria 
may be warranted. Resistance to older antibiotics was common in bacterial 

enteropathogens. The differential diagnosis of fever and diagnosis remains 
broad and requires a thorough diagnostic evaluation.

769
CHILDHOOD KWASHIORKOR IN MADAGASCAR: A CASE 
REPORT

Lesley A. Reid, Gupreet K. Bedi, Richard Roach
Michigan State University, Kalamazoo Center for Medical Studies, 
Kalamazoo, MI, United States

Protein-energy malnutrition of early childhood is an umbrella term for 
a range of syndromes. Specifically, in Madagascar, 52.8% of young 
children were stunted in growth and 36.8% were under weight 
due to malnutrition. Kwashiorkor is not only a disorder that afflicts 
undeveloped nations, but can also occur in affluent countries. Severe 
nutritional disorders, in general, are relatively uncommon in the United 
States in comparison to undeveloped nations. However, of those cases 
that are observed, Kwashiorkor is the most common disorder seen in 
hospitalized children in the United States. It is often seen with extreme 
dietary restrictions (vegetarianism), introduction of new health food 
milk alternatives, neglect, or malabsorption syndromes. Our patient is 
a 4 year old Malagasy male who was seen initially at a local hospital in 
Antananarivo, Madagascar at one year of age. At that time he presented 
with dermatoses, edema of the face and feet, enlarged edematous 
abdomen, enlarged liver, temple wasting, red straight hair, diarrhea, 
upper respiratory tract infection and dehydration. Based on the WHO 
classification of malnutrition in children, the patient was determined to 
have severe malnutrition. A diagnosis of kwashiorkor was made based on 
clinical features and history. The patient was rehydrated with the World 
Health Organization (WHO) rehydration oral solution, was given WHO 
vitamin mix and a vitamin A injection. He received antibiotic prophylaxis 
for infection. The patient vomited due to an atrophied stomach and had 
numerous episodes of diarrhea. The diet was advanced as tolerated to 
wheat, rice, vegetables, milk, eggs, meat. Although he recovered from 
initial protein deficiency and malnutrition, he continues to struggle with 
frequent respiratory infections, dermatitis, and acute diarrheal episodes 
every 1-2 months. United States physicians are generally unfamiliar 
with typical clinical features of nutritional disorders. As a result there is 
often a low index of suspicion when patients present with symptoms 
of kwashiorkor. The intent of this report is to increase the primary care 
physician’s awareness of the clinical features, implications and treatment 
of the disorder.

770
Immigrant screening in the inpatient setting in a 
municipal hospital

An Na Park1, Aaron Storms1, Jonathan Wiesen1, Phyllis Andrews1, 
Herbert B. Tanowitz2, Christina M. Coyle2

1Jacobi Medical Center, Bronx, NY, United States, 2Albert Einstein College 
of Medicine, Bronx, NY, United States

Screening asymptomatic immigrants in an inpatient setting can identify 
patients with long term parasitic infectious diseases. Immigrants admitted 
to the medical ward were approached and asked brief questions about 
immigration history, travel and high risk behaviors. Serologies were 
obtained Strongyloides, Chagas and schistosomiasis and hepatitis based 
on travel/immigration history. Individuals that screened positive were 
compared with those that screened negative. Over a 5 month period 
141 patients were screened. The mean age and time to immigration 
was 57±15and 26±18 years, respectively. The regions of origin were in 
order of decreasing frequency: Caribbean, South America, Mexico, Sub-
Saharan Africa, Asia, Southern Asia, Eastern Europe, and the Middle 
East. Thirty seven% of individuals (52/141) screened positive on one or 
more serologies. There were no differences in age, sex and time from 
immigration between those who screened positive and those who 
screened negative. Strongyloides serology was positive in 43/128 screened 
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(34%) with 21% having eosinophilia and 6 patients (14%) on steroids. 
Thirty seven percent (16/43) had stools performed and all were negative. 
There was no difference in eosinophilia in strongyloides positive and 
negative patients. Of the 13 patients screened for Chagas disease, one 
patient was positive. One of 5 patients from Sub-Saharan Africa screened 
positive for Schistosoma haematobium. Of the 135 patients screened 4 
were positive for hepatitis B Ag. 3/93 patients tested positive for hepatitis 
c virus. Only 46 (33%) of house staff obtained a travel or immigration 
history. Thirty-six were tested for HTLV-1 and one was positive (co-infected 
with Strongyloides). In conclusion, screening asymptomatic immigrants 
from endemic regions for strongyloides and other tropical diseases 
on an inpatient ward identifies patients with asymptomatic infection. 
An admission question and screens on immigration/travel should be 
considered for inpatients on hospitalization.

771
Varicella Status in Travelers seen in the Boston 
Area Travel Medicine Network (BATMN)

Winnie W. Ooi
Lahey Clinic Medical Center, Burlington, MA, United States

Greater than 90% of adults in the United States are immune to varicella 
zoster virus (VZV) by age 20; this rate is lower for adults raised in tropical 
areas (27.9-56%). VZV seroprevalence rates increase with age but are 
lower in all age groups when compared to temperate climates. We 
reviewed records of 1217 individuals presenting to the BATMN from 
December 18 2008-February 28 2009 to determine whether their 
immunity to varicella was identified for need of immunization. The Boston 
Area Travel Medicine Network (BATMN) is a research collaboration of five 
travel clinics in the greater Boston area seeing about 7,500 travelers per 
year in urban, suburban, academic, university-affiliated and independent 
facilities. Demographic data and trip information were entered into a 
database for all travelers. Data were analyzed for individuals at risk for 
varicella infection, including available varicella test results. 1012/1217 
(83.2%) subjects in the database contained varicella-related information. 
149/1012 (14.7%) were born in non-OECD countries. 42/ 1012 had 
no known history of VZV infection or vaccination. 8/148 (5.4%) of 
foreign-born travelers reported never having chickenpox. Demographic 
characteristics of all VZV risk travelers showed: 17/42 (40.5%) male, mean 
age 26.0 years IQR (17 to 34), 27/42 (64.3%) were 20-60 years old, and 
13/42 (31.0%) were non-white. 33/42 (78.6%) of the travelers were 
born in the US and 16/39 (41.0%) of their parents were born outside US. 
Primary language was English for 34/42 (81.0%). Reason for travel: VFR 
6/42 (14.3%), tourism 16/42 (38.1%), business 2/42 (4.8%). None had 
previously had varicella testing done. In conclusion, 5.4% of foreign-born 
travelers reported no history of VZV infection and therefore would benefit 
from varicella vaccine. 64/149 (43.0%) were women of child bearing age. 
4/64 (6.25%) were VZV risk travelers and if became pregnant, were at 
higher risk from complications from chickenpox. Travel clinics provide an 
untapped opportunity to address an unmet health need (screening for VZV 
and immunizing when appropriate) in immigrant travelers. The results for 
varicella serology obtained at the pre-travel visit will be presented.

772
Prevalence of Plasmodium falciparum Infection 
among Patients with Chronic Renal Failure (CRF) in 
Mali

Sahare Fongoro1, Nyangui B. Mwetse1, Ousmane A. Koita2, 
Mamadou W. Bagayoko3, Donald J. Krogstad4

1Hopital Point G and the Faculty of Medicine, University of Bamako, 
Bamako, Mali, 2Faculties of Science and Medicine, University of Bamako, 
Bamako, Mali, 3Faculty of Science, University of Bamako, Bamako, Mali, 
4Tulane University Health Sciences Center, New Orleans, LA, United States

The prevalence of chronic renal failure (CRF) in Mali has increased from 
1.9% in 1990 to 12.9% in 2003. Because the immunosuppresion 

produced by CRF potentially increases the risk of infections such as 
Plasmodium falciparum malaria, we prospectively examined 116 patients 
with CRF who were receiving their care at the Renal Unit of the Hôpital 
Point G in Bamako. Testing performed on patients with CRF included 
ultrasound examination of the kidneys, ureters and bladder, blood smears 
for malaria parasites and blood chemistry tests related to metabolic and 
renal parameters such creatinine, uric acid and protenuria. Testing for 
significant differences was performed with the Pearson Χ2 using an α of 
0.05. The mean age of the study population (subjects with CRF) was 43 
± 16 years (13-92 years), and there were more males than females, 58% 
vs. 42%. Ultrasound examination revealed symmetrically small kidneys 
without evidence of obstruction, and did not correlate with parasitemia. 
Of the 116 CRF patients examined, 81% lived in Bamako and 28% (32 
of 116) were receiving dialysis. Based on Giemsa-stained blood smears, 
the frequency of P. falciparum infection was higher in adults with CRF, in 
whom it was 33% (38 out of 116) than in healthy adult controls (15%, 
p=0.04). However, the parasite density did not exceed 1,000 parasites per 
μl blood. Quinine and ACT were the antimalarials used most frequently 
(37% total) followed by the combination of Quinine plus Sulfadoxine-
Pyrimethamine (26%). Among the symptoms and signs examined, dysuria, 
proteinuria and anemia were associated with parasitemia (Χ2=5.294, 
p=0.03). These results indicate that malarial parasitemia is more prevalent 
among adults with CRF in Mali than among healthy adult controls. The 
dysuria and proteinuria in CRF patients with parasitemia are of uncertain 
cause and should be studied further to determine whether they are caused 
by P. falciparum infection.
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Leptospirosis in the Republic of Georgia

Danielle V. Clark1, Tinatin Kuchuloria2, Tamuna Akhvlediani2, 
Matthew J. Hepburn3, Guillermo Pimentel4, Maiko Chokheli5, 
Nana Mamuchishvili5, Paata Imnadze5
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Medical Research Institute of Infectious Diseases, Fort Detrick, MD, United 
States, 4United States Naval Medical Research Unit #3, Cairo, Egypt, 
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Leptospirosis is a zoonotic infection with a world-wide distribution. This 
infection is suspected to occur in the Caucasus, but limited information 
is available. The clinical presentation is non-specific and highly variable, 
and complications may develop if left untreated. Sentinel surveillance 
for acute febrile illness was initiated at 5 hospitals in Georgia. Patients 
>4 years of age with fever ≥38°C for 48 hours or more were considered 
for inclusion. Blood culture and serologic testing (IgM ELISA; PanBio, 
Inc.) was conducted for leptospira, and ELISA results of ≥9 PanBio units 
were confirmed with microscopic agglutination testing (MAT). Confirmed 
leptospirosis was defined as MAT titer of ≥800 or a ≥ fourfold change 
between paired samples. A MAT titer of 400 or positive PanBio serologic 
results (pending confirmation) was considered possible leptospirosis. One 
hundred and thirty one (131) patients were enrolled since May 2008. Sixty 
four samples had ELISA results of ≥9 PanBio units, 38 have been tested by 
MAT to date. Leptospirosis was confirmed in 2 patients and the possible 
diagnosis for 27 patients. The identified serovars were L. autumnalis, 
L. mankarso, and L. bataviae. The predominant symptoms were fever 
(100%), rigors (87%), fatigue (87%), excessive sweating (74%), and 
headache (57%). Leptospirosis cases made up a disproportionate 
percentage (>25%) of the following physical exam findings: mental status 
changes, neurological findings, neck stiffness, icterus, jaundice, respiratory 
crackles, and abdominal distention. Mental status changes included short 
term altered consciousness and somnolence. One probable leptospirosis 
patient was suspected for meningitis. Patients that reported frequent 
contact with cattle (OR=3.5, p=0.03), chickens (OR=3.4, p=0.01), or 
exposure to forested areas (OR=9.2, p=0.002) were at increased odds for 
leptospirosis. In conclusion, leptospirosis is an important cause of acute 
febrile illness in Georgia. Clinical awareness and laboratory capacity are 
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essential to diagnose this infection. Further information is needed to 
develop prevention and control strategies in the Caucasus.

774
Candidaemia in a tertiary care hospital in Kolkata, 
India

Saikat Basu, Satadal Das
Peerless Hospital and B K. Roy Research Centre, Kolkata, India

Candida infection is increasing throughout the globe and there is gradual 
increase of non-albicans Candida spp. In South-East Asian countries there 
are reports of significant increase of C. tropicalis infection. Candidaemia 
showed very high morbidity and mortality rates. Thus, in this study we 
have analyzed retrospective Candidaemia cases in a tertiary care hospital 
in Kolkata, India. All Candida isolates from Candidaemia cases in the 
year 2008 were analyzed to find out common isolated species and their 
antifungal sensitivity pattern was also studied as per CLSI guidelines for 
Amphotericin B and fluconazole. Eighteen Candidaemia cases were found 
in 2008 in our hospital. Eight isolates were C. glabrata, 7 isolates were C. 
tropicalis and three isolates were C. albicans. Most of the isolates were 
resistant to fluconazole while all of them were sensitive to Amphotericin B. 
In conclusion, candidaemia in Kolkata is mostly due to C. glabrata and C. 
tropicalis and most of them were fluconazole resistant.
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Dengue among Patients with Undifferentiated Fever 
in Southern Sri Lanka
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Dengue virus (DV) is an emerging pathogen of global importance which 
presents as undifferentiated fever (DF). Despite transmission of all 4 
serotypes (DEN1-4) for ≥ 40 years in Sri Lanka, epidemic dengue, with 
an increased incidence of dengue hemorrhagic fever, began in 1989 and 
cases have increased since. Epidemiologic study to date has focused on 
the capital, Colombo. However, over the last decade, cases have been 
increasingly reported elsewhere. To evaluate the burden of DF among 
patients ≥ 2 years old presenting to hospital with fever in Galle (Southern 
Sri Lanka) in 2007, we obtained sera at presentation and 2-4 week follow-
up. We tested paired sera for IgG and IgM antibody to DV by ELISA, and 
defined acute infection as seroconversion or rising levels of DV-reactive 
IgM and/or IgG. We further defined DF as primary or secondary DF by the 
absence or presence, respectively, of DV-reactive IgG in the acute serum 
sample. Acute DF was confirmed by isolating virus in insect cells and 
by reverse transcriptase PCR, which also defined DV serotype. Overall, 
456/846 (54%) of patients had serologic evidence of current or prior DF, 
and this increased with age (10% by age 5, 14% by age 10, 23% by age 
20, 50% by age 25, 65% by age 40, and 75% by age 70). We identified 
48 cases (5.7%) of acute DF [primary (27) and secondary(21)] among 
the 846 paired sera tested. The mean age of those with primary and 
secondary acute DF was similar (30.0 vs 30.8 years, respectively, p=0.84). 
We isolated DV serotypes 2, 3 and 4 from a subset. Among those with DF, 
the likelihood of isolating DV was greater in those with fewer days of fever 
(mean 2.9 vs 4.9 days, p=0.01). The mean white blood cell count was 
similar among those with and without DF, but the mean platelet count 
was significantly lower in those with DF (203,955 vs 247,918, p=0.003). 
We conclude that dengue accounts for substantial (5.7%) illness among 
those seeking care for undifferentiated fever in Southern Sri Lanka, that 
most cases occur in young adults, and that at least 3 of the 4 serotypes 
are circulating in that area.
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Cost of dengue vector control activities in Puerto 
Rico

Carmen L. Pérez-Guerra1, Kay Tomashek1, Reinaldo Rivera1, 
Marisol Peña1, Yara A. Halasa2, Donald S. Shepard2

1Centers for Disease Control, San Juan, PR, United States, 2Brandeis 
University, Waltham, MA, United States

Dengue is a major public health problem in Puerto Rico. Approximately 
5,000 dengue cases were reported annually from 2002-2006, and 10,508 
cases were reported in 2007. Vector control (fumigation and preventive 
educational campaigns) is currently the only approach to mitigate the 
disease. As part of a study of the economic burden of dengue in Puerto 
Rico, the annual cost of public sector vector control activities was 
estimated. A telephone survey was conducted of all 78 municipalities 
to identify those with active vector control programs. A structured 
questionnaire inquiring about personnel, other inputs, and services 
performed was developed and validated in the municipality of Carolina. 
For each staff member, the questionnaire elicited the distribution of efforts 
between dengue control and other activities. The questionnaire was 
then used to gather cost data for the years 2002-07. On-site interviews 
with vector control personnel of the Department of Health and all 11 
municipalities with independent active programs were initiated. After 
reviewing the data for internal consistency and agreement with published 
reports, the authors contacted agencies to review data. Preliminary 
estimates of island-wide cost per year for vector control activities for the 
years 2002 through 2007 showed that Puerto Rico spent $2.77 million/yr 
($0.72 per capita). Of this, the state spent an average of $1.41 million/yr, 
while the municipalities averaged $1.27 million/yr. The top 4 municipality 
programs (Carolina, Guaynabo, Bayamon and Toa Baja) served only 16% 
of the island’s population but represented 35% of the island’s costs. 
Alternative estimates about the dengue share of certain joint vector 
control activities gave a range of $2.55 million ($0.66 per capita) to $3.08 
million ($0.83 per capita) for total costs. While Puerto Rico’s per capita 
spending on vector control is only half of other endemic countries in the 
region (e.g., Panama $1.56 in 2005), dengue vector control nevertheless 
represents a substantial expenditure.
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Aggregate economic cost of dengue in Puerto Rico

Donald S. Shepard1, Yara A. Halasa1, Migda Dieppa1, Carmen L. 
Pérez-Guerra2

1Brandeis University, Waltham, MA, United States, 2Centers for Disease 
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Calculation of the economic cost of an illness can guide prevention and 
treatment policies. For Puerto Rico, the only such study was a limited 
analysis from a single year, 1977. To inform stakeholders involved with 
vaccines and vector control technologies, we estimated the average 
annual cost of dengue in Puerto Rico, using data from 2002 through 
2009. To determine the prevention cost (surveillance and vector control), 
a structured questionnaire was developed, validated and used to estimate 
expenditures by the state government and municipalities with active 
control programs from 2002 through 2007. To estimate the illness 
cost of dengue, a structured interview questionnaire was developed, 
validated and used with a prospective sample of dengue hospitalized 
and ambulatory patients since July 2008. The data provided the direct 
and indirect cost of a dengue episode. Additionally, published literature 
and hospitals records were used to validate and complement patient 
recall. Sensitivity analyses employed alternative assumptions about rates 
of treatment among non-reported cases. Preliminary results gave lower 
and upper bounds (± standard deviation across years) of $15(±9) million 
and $32(±20) million, respectively. Corresponding per capita amounts 
were $4(±2) and $8(±5), respectively, with a highest yearly value of 
$18 (in 2007). Illness costs represented 82% to 91% of this total, with 
hospitalized and ambulatory cases responsible for 61% and 39% of 
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illness costs, respectively. The average length of hospitalization on the 
first 35 cases was 6.2(±6.3) days. Vector control activities were divided 
approximately equally between municipalities and the state department 
of health. The economic burden of dengue and the variability, as shown 
by standard deviations, are both substantial. Costs are several times the 
comparable amount for Panama during an epidemic year ($5). Thus, 
considerable investments for the development and implementation of 
effective technologies would be economically justified.

778
Effect of MetylprednisolonE in preventing dengue 
complications: A single-center randomized 
placebo-controlled trial 

Luis Angel Villar1, Ruth Aralí Martínez1, Fredi Alexander Díaz1, 
Juan Carlos Villar2, Ernesto Rueda1

1Universidad Industrial de Santander, Bucaramanga, Colombia, 2Infovida, 
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Dengue, the most frequent arbovirus infection globally, has no specific 
treatment currently. Although corticosteroids may be beneficial, its 
efficacy in preventing complications when administered during the 
early phase of the disease remains uncertain. The objective of this study 
was to evaluate the impact of Methylprednisolone (MP) on dengue 
severity (spontaneous haemorrhages and vascular permeability). We 
conducted a factorial 2x2, randomized, placebo-controlled trial, blinded 
for participants, care givers and outcome adjudicators. Eligible patients 
were ≥5 years old with dengue-like acute febrile syndrome for less than 
120 hours of evolution, with diagnosis of dengue based on a validated 
clinical score or immunochromatography test, and free of clinical signs of 
plasma leakage. We randomly assigned patients by strata of age (<15 or 
≥15 years old), platelet count (≤100.000 or >100.000 platelet/mm3) to 
MP, N-acetylcistein or their matching placebos. This report refers to the 
MP arm, where patients received a single oral dose of MP (1.5 mg/kg) or 
placebo. Participants had a daily follow up for eight days. Data analysis 
followed the intention-to-treat principle. We enrolled 189 participants 
between July, 2006 and January, 2009 (35.3% of 536 potentially-eligible 
cases screened) in Bucaramanga (Colombia). There were less cases 
developing spontaneous haemorrhages and ascitis among those receiving 
MP (32/87, 36.8% and 0/87, 0%), compared with those receiving placebo 
(47/91, 51.7% and 4/91 4.4%, RR: 0.71, CI95% 0.5-1.0, p=0.046, 
p=0.048, respectively). The MP group had also less frequent and shorter 
hospitalizations (9/87, 10.3% and mean time in-hospital 37.3 hours) as 
compared with placebo (15/92, 16.5%, and 55.1 hours, RR: 0.63 CI95% 
0.29-1.36, p=0.25). There were no adverse or severe events or mortality. 
Our results suggest that MP reduces spontaneous haemorrhages, ascitis 
and hospitalizations, among patients with dengue. A multi-centric, larger 
study should confirm these encouraging results.
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Natural strain variation and the neutralization of 
dengue serotype 3 viruses
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Dengue viruses (DENVs) are emerging, mosquito-borne flaviviruses and the 
agents of dengue fever and dengue hemorrhagic fever. The DENV group 
consists of 4 serotypes designated DENV1-DENV4. Current dogma is that 
the main neutralizing epitopes recognized by antibodies are preserved 
within each serotype but not between serotypes. However, there is 
considerable genetic diversity within each serotype and surprisingly little 
work has been done to explore how naturally occurring strain variation 
influences the neutralization of DENVs belonging to the same serotype. 
We compared the amino acid sequence of 175 envelope (E) proteins 

representing the different genotypes of DENV3. We found that many 
surface exposed amino acids located at or near known antibody epitopes 
were not conserved between DENV3 strains. The variable amino acids 
include 6 residues at the lateral ridge of domain III of E protein (EDIII). This 
region of E protein is the target of type-specific antibodies that strongly 
neutralize dengue and other flaviviruses. To determine if natural amino 
acid variation in DENV3 EDIII has an effect on neutralizing antibody, we 
obtained a panel of 5 mouse monoclonal antibodies (Mabs) that bound to 
DENV EDIII. The binding sites of the antibodies were mapped using mutant 
recombinant proteins. Two of the Mabs bound to a serotype-specific 
epitope on the lateral ridge that was centered on the N terminal linker 
and BC loop of DENV3 EDIII. One Mab was sub-complex specific (DENV3 
and DENV1) and bound to an epitope close to the lateral ridge that 
included the A strand of EDIII. Two Mabs cross reacted with all 4 serotypes 
(complex-specific) and bound to an epitope outside the lateral ridge. The 
binding and neutralization capacity of the 2 type specific lateral ridge 
Mabs were strongly influenced by naturally occurring mutations on the 
lateral ridge of DENV3 EDIII. Our data demonstrate that the lateral ridge 
“type specific” epitopes is not conserved between strains of DENV3. This 
variability should be considered when designing DENV vaccines, especially 
those targeting EDIII.
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Although dengue viruses (DENVs) have been endemic to Sri Lanka for over 
40 years, dengue fever/ dengue hemorrhagic fever (DF/DHF) epidemics 
are a recent phenomenon on the Island. The first epidemic of DF/DHF 
was in 1989 and regular epidemics have been documented every year 
after 1989. Despite the gravity of the DENV problem in Sri Lanka, we 
currently do not have reliable estimates of the incidence of infection and 
disease in Sri Lanka. Such information is crucial for understanding the 
emergence of severe dengue disease and for designing trials to evaluate 
vaccines. The Paediatric Dengue Vaccine Initiative (PDVI) and the Sri Lanka 
Ministry of Health (SL-MOH) have been conducting a community based 
enhanced passive surveillance study to estimate burden of DENV infection 
and disease. The SL-MOH/PDVI study is based in Colombo as this is the 
district with the highest number (~25%) of reported cases. A census of 
households in Municipal Council Ward 33, Colombo, was conducted in 
October 2008. From this population, 800 randomly-selected children aged 
≤12 years have been recruited to be followed up for fever events over 
one year. During the initial recruitment, finger-prick blood samples were 
collected onto filter paper discs to determine baseline flavivirus sero-status. 
A repeat finger-prick sample will be collected at 12 months to determine 
the annual sero-conversion rate. All children with ≤ 7 days of fever are 
being referred to dedicated healthcare centers for further investigation. 
Acute and convalescence blood samples are being collected from all 
children with fever for laboratory testing by serology (IgM and IgG ELISA) 
and PCR. The baseline blood samples indicate that the flavivirus sero-
prevalence in the cohort is 52% and ranges from 9% in children below 
1 year to 80% in children aged 12 years. Within the first three months 
of the study, a total of 154 samples were collected from children with 
fever. When a subset of 76 acute and convalescent blood sample pairs 
were tested, 14 cases (18%) of acute dengue infection were detected 
by serology and/or PCR. The 14 cases consisted of 4 primary and 10 
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secondary infections. Serotypes 2 and 3 were responsible for all except 1 
case. These results demonstrate intense transmission of multiple serotypes 
among children in Colombo. We will present data from the first year of 
the study, including the first population based estimates for the incidence 
of DENV infection and disease in Colombo.

781
Detection of asymptomatic infection among 
relatives of dengue patients

Mariana C. Sobral, Luiza A. Castro-Jorge, Luzia M. Passos, Rosana 
Moreira Oliveira, Benedito A. Fonseca
School of Medicine of Ribeirão Preto, Ribeirão Preto, S.P., Brazil

Dengue viruses are the most important arboviruses of public health 
significance. These viruses usually cause dengue fever (DF), but 
some patients experience a more severe form of the illness, dengue 
hemorrhagic fever/dengue shock syndrome (DHF/DSS). Besides these 
clinical presentations, a high number of asymptomatic disease is supposed 
to occur, but the percentage of the dengue virus infections resulting in 
asymptomatic disease is unclear. In order to approach this problem, we 
studied patients with clinical manifestations suggestive of dengue and 
their asymptomatic next of kin, especially those in close contact with 
the patient. Thus, the aim of this study was to detect asymptomatic 
patients among relatives of acutely infected patients. Blood was drawn 
from all participants of the study and their sera submitted to a diagnostic 
test capable of making the diagnosis of an acute infection, RT-PCR and 
NS1 detection during the viremic phase and IgM detection after 6 days 
of disease onset. The relatives of all probable dengue patients were 
submitted to a questionnaire to enquire about possible dengue clinical 
manifestations, and were included on the study if they had had no 
dengue symptoms during a period ranging from 2 weeks before up to the 
moment of the interview. Among all patients with clinical manifestations 
suggestive of dengue and whose all asymptomatic relatives agreed to 
participate on the study, we were able to enroll only 15 patients. Out of 
these, dengue was confirmed in 11 patients and these patients provided 
27 relatives in whose dengue was confirmed in 10 persons (2 by NS1 
detection and 8 by a positive IgM). On the other hand, the patients in 
whom dengue diagnosis was ruled out had 10 asymptomatic relatives, 
and none of them were infected by the dengue viruses (3 of them 
were IgG-positive). Thus, in our study 37% of the relatives of a dengue 
patient showed an evidence for asymptomatic dengue infection, and the 
importance of dengue case in the silent transmission of dengue viruses 
is evidenced by the lack of asymptomatic patients among the relatives 
of those patients in whom dengue was ruled out. This asymptomatic/
symptomatic rate of dengue infection is very high and may be explained 
by our small sample size and by the stringent patient selection of our 
study. A study with a bigger sample is necessary to confirm our preliminary 
data, but if they hold true, these findings provide an explanation on why 
dengue outbreaks are so explosive.
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Investigating Novel Dengue Virus Infection 
Biomarkers Using Proteomic Methods: Vitronectin 
Precursor Protein as a New Lead
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Plasma from pediatric Thai patients with confirmed primary (1°) or 
secondary (2°) dengue fever (DF) or dengue hemorrhagic fever (DHF) as 
well as samples from Thai children admitted to hospital with other febrile 
illnesses (OFI) were screened by SELDI-TOF mass spectrometry. Using a 
cut-off significance level of p-value < 0.001, 24 diagnostic and prognostic 
biomarkers were detected. Several of the most informative biomarkers 
were tentatively identified using SDS-PAGE and mass spectrometric 

microsequencing. Our study focuses on Vitronectin (Vn) precursor protein 
as a potential biomarker to differentiate between 1°DF and DHF. Vn is an 
acute phase glycoprotein thought to be involved in vascular inflammation 
and complement activation. Since haemorrhages and plasma leakage are 
hallmark manifestations of the more severe form of dengue virus (DV) 
infection, it is interesting to note that Vn can bind to and stabilize type 
1 plasminogen activator inhibitor (PAI-1) to inhibit fibrinolysis. In SELDI 
analysis, we found a peak at 53.8kDa, matching Vn precursor protein. 
This peak correlates with the WB results and achieves a p-value of 8.47Ε-
9 using the non-parametric Kruskal-Wallis H test. By Western blot, the 
precursor form was found in healthy subjects as well as patients with OFI 
or 1°DF but was not detectable in plasma samples from patients with 
1°DHF, 2° DF, or 2° DHF. However, total Vn plasma concentrations were 
found to be consistently lower in all patients infected with DV (68 ± 24 
μg/ml) compared to healthy or OFI controls (228 ± 63 μg/ml) by EIA. To 
further investigate the role of Vn in the DV pathology, an in vitro model 
using HepG2 cells (human hepatocytes) was developed. Studies of the 
impact of DV infection on Vn protein and its binding partners, including 
PAI-1 are currently underway.
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BABOON MODEL FOR DENGUE VIRUS INFECTION AND 
VACCINE EVALUATION
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Animal models of Dengue (DEN) virus infection, immunity and 
pathogenesis are essential in order to understand the basic biology 
of the virus and to evaluate candidate vaccines. Non-human primate 
models, including baboons (genus papio) offer unique insights into viral 
pathogenesis. Non-human primates are more human-like than rodents. 
We previously established baboons as an animal model for West-Nile Virus 
(WNV), as reported previously, and have no expanded our explorations 
to DEN. 5 animals were infected with a cocktail of 4 DEN3 isolates at a 
total infectious dose of 4x 10^6 FFU. Animals responded with a mild, but 
significant drop in platelet counts, as well as leucopenia. No overt signs 
of distress were noticeable upon primary infection. Heterotypic challenge 
is in progress. The baboons developed a prototypical immune response 
to DEN3: we observed high titer IgM antibodies, which peaked and 
subsequently declined; we observed a lesser but sustained IgG response; 
and we observed strictly type-specific neutralizing antibodies. Unlike 
WNV infection, which resulted in transient, but robust systemic viremia, 
DEN3 infection resulted in only barely detectable viral load in plasma. We 
also infected 3 animals, which were chemically immune compromised. 
These showed exacerbated hematological responses. Further details of 
their immune response and viral load data will be presented. This data 
establishes baboons as a suitable animal model to study the immune 
response to DEN infection.
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Seroprevalence of Dengue in United States Army 
Special Operations Command Personnel

Jennifer B. Caci1, Danielle M. Tack2, Arthur Lyons3
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Worldwide endemicity and epidemics of dengue are on the rise, especially 
in Central and South America. As a result, dengue is a threat of particular 
concern to our United States Army Special Operations (USASOC) soldiers. 
These personnel routinely deploy to areas with an endemicity of multiple 
dengue serotypes. This exposure pattern increases the likelihood of multi-
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serotype exposures, potentiallly increasing the risk of more severe disease 
manifestations in our soldiers and loss or degradation of operational 
capability. Since October 2008, five USASOC soldiers have been diagnosed 
with dengue fever; four of them with multiple serotypes. We hypothesize 
that many more USASOC personnel have been exposed to dengue. In 
order to characterize the risk, a study using approximately 1000 sera 
samples from the DoD Serum Repository is being conducted to determine 
the seroprevalence of dengue in USASOC personnel who have served 
in the SOUTHCOM area of responsibility for at least 30 days from 2006 
through 2008. The results from this study will provide an epidemiological 
baseline for dengue in deployed troops, guide commanders’ medical 
threat planning in endemic areas, and help guide development of 
preventive countermeasures. It will also serve as a foundation for 
prospective studies to further explore exposure rates and evaluate current 
force health protection effectiveness.
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We engineered site-specific mutations in four functional domains of the 
DENV2 E-protein: 1) fusion peptide (FP), 2) hinge region, 3) VEPG loop, 
and 4) surface heparan sulfate binding (HSB) domains. We recovered 7 
stable FP mutant viruses and 4 non-infectious FP mutant particles and 
demonstrated the direct involvement of the FP in virus mediated cell 
membrane fusion. Most of the FP mutants exhibited different growth 
kinetics and/or genetic stabilities in mammalian cells, mosquito cells, and 
mosquitoes, suggesting that the requirements for efficient membrane 
fusion may vary with cell type. Ten viable hinge mutants were recovered, 
but different AA substitutions had different effects on virus infection in 
cells and mosquitoes. The VEPG loop of the DENV2 E-glycoprotein was 
previously implicated as an attachment ligand for mosquito C6/36 cells, 
implying that they may play a critical role for infection of mosquitoes. 
Surprisingly, all 4 of the VEPG loop mutants, including the VEPG deletion 
mutant, were viable in both C6/36 and Vero cells. All 4 VEPG loop 
mutants were also competent to orally infect Aedes aegypti, but their 
infection efficiency was less than that of wild-type DENV2. The positively-
charged HSB clusters are thought to be involved in the initial, nonspecific 
binding of DENV to cultured mammalian cells. Although HS on cells 
appears to be involved in DENV2 viral attachment, molecular knockout of 
subsets of the putative HSB on the E protein do not significantly decrease 
virus attachment. In addition to HS binding, some of the positively charged 
AAs may also be involved in other functional domains that regulate 
specific virus-receptor binding, internalization, and/or down stream viral 
replication.

786
Phenotypic Analysis of Dengue Virus Isolates 
Associated with Dengue Fever and Dengue 
Hemorrhagic Fever for Cellular Attachment, 
Replication and Interferon Signaling Ability 

Ratree Takhampunya11, Dupeh R. Palmer11, David A. David 
A. Barvir11, Julia Lynch1, Richard G. Jarman2, Stephen Thomas1, 
Robert V. Gibbons2, Robert Putnak1, Chunlin Zhang1

1Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
2Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand

Eighteen dengue virus (DENVs) representing all four serotypes, isolated 
from pediatric patients at children’s hospital, Queen Sirikit National 
Institute of Child Health, Bangkok, Thailand exhibiting a diverse spectrum 
of disease ranging from uncomplicated dengue fever (DF) to severe 

dengue hemorrhagic fever (DHF), were tested for their ability to attach 
to host cells, replicate and interfere with the IFNα signaling pathway by 
interfering with signal transducer and activator of transcription 1 (STAT-1). 
Although most isolates suppressed IFNα-induced STAT-1 phosphorylation, 
our results showed no difference between DENV strains associated with 
DF and those associated with DHF. However, the DHF isolates tended 
replicate to higher titers in dendritic cells (DCs) than the DF isolates, but 
this ability was independent of their cell binding capability. Our results 
suggest that the emergence early in infection of viruses with a high degree 
of replication fitness may play an important role in DENV pathogenesis.

787
Needle-free Delivery of a Tetravalent Dengue 
Vaccine (DENVax): Safety and Efficacy in Non-human 
Primates

Joseph N. Brewoo1, Michael A. Royals2, John J. Arguello3, Shawn 
J. Silengo3, Tim D. Powell3, Charalambos D. Partidos1, Richard M. 
Kinney3, Claire Y. Huang4, Jorge E. Osorio5, Dan T. Stinchcomb3

1Inviragen, Inc., Madison, WI, United States, 2PharmaJet, Inc., Golden, CO, 
United States, 3Inviragen, Inc., Fort Collins, CO, United States, 4Division 
of Vector-Borne Infectious Diseases, Centers for Disease Control and 
Prevention, Fort Collins, CO, United States, 5University of Wisconsin, 
Madison, WI, United States

The immunological advantages of intradermal (ID) vaccine delivery and 
the potential benefits of needle-free vaccination prompted us to examine 
the delivery of a tetravalent dengue (DEN) vaccine in non-human primates 
using the PharmaJet device. PharmaJet’s needle-free device permits routine 
ID delivery and provides significant advantages including: 1) improved 
safety due to an auto-disable design that eliminates needle reuse issues in 
resource poor settings; 2) decreased injection site pain; and 3) easier and 
speedier vaccine delivery. Flavivirus naïve cynomolgus macaques received 
primary and secondary immunizations (sixty days apart) of DENVax, a 
tetravalent chimeric DEN-2 PDK-53-based dengue vaccine. Four animals 
were immunized ID with a DENVax formulation containing 105 PFU each of 
the four DENVax components using the PharmaJet device; control animals 
received the same formulation subcutaneously by needle and syringe. The 
animals were challenged subcutaneously 30 days after the boost with 105 
PFU of wild-type DEN-1 West Pacific (WP) or DEN-2 New Guinea C (NGC). 
ID administration of the tetravalent DENVax vaccine with the PharmaJet 
device had no significant effects on body weights, temperature or 
hematological parameters of the animals. Plaque neutralization reduction 
titers (PRNT) against all four DEN serotypes were greater when the vaccine 
was delivered ID. Following challenge with DEN-1 WP or DEN-2 NGC, 
all animals were free of viremia, highlighting the protective efficacy of 
the PharmaJet-delivered DENVax. Our findings highlight the potential 
of the PharmaJet device for easy, needle-free ID delivery of DENVax. ID 
administration of a live attenuated DEN vaccine, mimicking natural virus 
infection by mosquito bite, enhances the immunogenicity of the vaccine. 
A vaccine delivery system that provides ease of administration without 
compromising vaccine safety and efficacy would facilitate vaccination 
campaigns against dengue and other infectious diseases.

788
Inhibition of the Type I IFN Production in Dendritic 
Cells by Dengue Virus

Juan R. Rodriguez-Madoz1, Dabeiba Bernal-Rubio1, Alan Belicha-
Villanueva1, Jorge Munoz-Jordan2, Adolfo Garcia-Sastre1, Ana 
Fernandez-Sesma1

1Mount Sinai School of Medicine, New York, NY, United States, 2Centers 
for Disease Control, San Juan, PR, United States

Dengue virus (DenV) is an emerging human pathogen that infects 
millions of people worldwide. 2.5 billion people are at risk for dengue 
disease, which causes systemic disease that includes dengue fever and 
the more severe forms dengue hemorrhagic fever and dengue sock 
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syndrome. Several cell types have been proposed as a primary target of 
DenV infection in vivo, including monocytes, macrophages and dendritic 
cells (DCs). Because DenV infects those cells several mechanisms have 
been reported about how DenV evades immune response in humans, 
including the inhibition of type I Interferon (IFN) signaling in infected cells. 
However little is known about how DenV interferes with the activation 
pathway of the DCs, including production of type I IFN. Previous work 
in our laboratory has shown that monocyte derived DCs infected with 
DenV produce high levels of proinflammatory cytokines and chemokines 
(TNFα, RANTES, MIP1β) but no type I IFN, measured either by qRT-PCR 
or ELISA. In this study we report that DenV reduces the ability of DCs to 
produce type I IFN in response to different inductors such as infection 
with other viruses like Newcastle Disease Virus (NDV) or a NS1 deleted 
influenza A virus (DeltaNS1), or other TLR ligands, indicating that DenV is 
also able to block the production of type I IFN in primary DCs after several 
stimuli. This inhibition of the type I IFN production is dose dependent and 
requires DenV replication and/or translation. Also the inhibition seems to 
be specific for the type I IFN pathway since the expression of other genes 
like TNFα or IL-6, dependent of the NFκB pathway are not affected. These 
results suggest a new mechanism by which DenV can evade the immune 
system in humans.

789
Dengue Trends by age and sex in Puerto Rico a 
historical analysis from 1990 to 2008

Marisol Peña-Orellana1, Jose M. Calderón-Squiabro1, Rosa 
Rodríguez1, Fermín Argüello1, Gustavo Dayan2, Kay Tomashek1

1Centers for Disease Control and Prevention, San Juan, PR, United States, 
2Sanofi-Pasteur, Swiftwater, PA, United States

Historically, dengue has been a childhood disease and is the leading cause 
of pediatric hospitalizations in several endemic countries. Recent evidence 
suggests an increasing incidence among older age groups and a shift in 
the modal age. In contrast, there is little agreement in the literature on 
sex differences in infection rates and severity of disease. A change in case 
demographics is important to identify in order to better design and target 
interventions. We used data from the Puerto Rico Department of Health 
and the Centers for Disease Control and Prevention’s passive dengue 
surveillance system to calculate annual suspected and laboratory-positive 
dengue incidence rates by age and sex from 1990-2008. Rates per 10,000 
population were calculated using US Census data. Ordinary Least Square 
methods were used to determine if there was a significant change in rates 
over time by age and sex. Mean and modal ages of infection overall and 
by sex were determined. The mean and modal age of suspected dengue 
infections was 22.4 and <1 year in 1990 and 26.7 and 16 years in 2008; 
for laboratory-positive infections these figures were 24.3 and 12 years, 
and 25.3 and 14 years, respectively. There was a significant increasing 
trend in mean age for laboratory-positive females (24.4 to 25.7 years) and 
males (24.1 to 25.1 years) overtime. Rates of suspected dengue among 
males versus females was 23.2 per 10,000 and 22.9 in 1990 compared to 
9.9 and 7.8, respectively in 2008; the rates of laboratory-positive dengue 
were 5.8 and 5.9 in 1990 compared to 2.5 and 1.8, in 2008, for male and 
females respectively. Our data suggest that there was an increase in mean 
age of cases, and that in some years, there was a difference in rates by 
sex.

790
Characterization of a Panel of DENV-3 Infectious 
clones

William Messer1, Boyd Yount2, Eric Donaldson2, Kari Hacker3, 
Wahala Wahala3, Mary Ann Accavitti4, Aravinda de Silva3, Ralph 
Baric2

1University of North Carolina School of Medicine, Department of Medicine, 
Division of Infectious Diseases, Chapel Hill, NC, United States, 2University 
of North Carolina School of Public Health, Department. of Epidemiology, 
Chapel Hill, NC, United States, 3University of North Carolina School of 
Medicine, Department of Microbiology and Immunology, Chapel Hill, 
NC, United States, 4University of Alabama, Department of Genetics, 
Birmingham, AL, United States

Dengue viruses (DENV) are enveloped single stranded positive sense 
RNA viruses transmitted by Aedes spp mosquitoes. The viral genome 
is approximately 11kb and encodes 3 structural and 7 nonstructural 
genes. There are four genetically distinct serotypes designated DENV-1 
through DENV-4. DENV infection causes a spectrum of illness ranging 
from asymptomatic viremia to hemorrhage, hypovolemic shock and 
death. DENV occur throughout the tropics, infecting approximately 50 
million persons annually and causing 15,000 to 30,000 deaths. All four 
serotypes cause severe disease, but genetic differences within serotypes 
have been associated with mild or severe disease. Here we describe the 
characterization of 4 isogenic DENV-3 infectious clone constructs derived 
by replacing the parent envelope (E) glycoprotein gene with E genes 
based on four genetically and geographically distinct DENV-3 genotypes. 
Virus infectivity and growth kinetics were assessed in several cell lines, 
including Vero, C6/36 and DC-SIGN expressing U937 cells. Additionally 
we characterize the infectious clones’ neutralization profiles using human 
polyclonal immune sera and mouse and human monoclonal antibodies. 
The availability of a DENV-3 molecular clone and panel of isogenic 
DENV-3 recombinant viruses provides new resources for illuminating the 
pathogenic mechanisms and biology of this important human pathogen.

791
Towards developing an animal model to evaluate 
the protective efficacy of antibodies raised 
against candidate dengue vaccines

Charalambos D. Partidos1, Joseph N. Brewoo1, Shawn J. 
Shilengo2, Tim D. Powell2, Claire Y.H. Huang3, Richard M. Kinney2, 
Dan T. Stinchcomb2, Jorge E. Osorio4

1Inviragen, Inc, Madison, WI, United States, 2Inviragen, Inc., Fort Collins, 
CO, United States, 3Division of Vector-Borne Infectious Diseases, Centers 
for Disease Control and Prevention, Fort Collins, CO, United States, 
4University of Wisconsin, Madison, WI, United States

Animal models provide the best means of assessing the safety and efficacy 
of prospective vaccines intended for human use. Candidate dengue 
(DEN) vaccines have typically been evaluated in non-human primates 
(NHP). While NHP infected with DEN develop viremia and virus-specific 
neutralizing antibodies, they do not develop signs of dengue disease. In 
contrast, AG129 mice infected with certain strains of DEN viruses develop 
viremia and other characteristics of dengue disease. In this study we 
sought to examine the potential of benefiting from the merits of both 
animal models in assessing the role of protective antibody responses to 
candidate DEN vaccines. To establish and evaluate this system we tested 
the immunogenicity of each DEN virus serotype in groups of two flavivirus 
naïve cynomolgus macaques. All four DEN virus serotypes elicited robust 
primary neutralizing antibody responses that were boosted following 
a second injection by day 63. To assess the protective efficacy of these 
antibody responses, NHP serum samples from each group were diluted 
to a neutralizing antibody titer of 1:200 against the homologous virus 
and were passively transferred to groups of AG129 mice. The next day 
all animals were challenged with 106 PFU of mouse adapted DEN-2 New 
Guinea C virus. Following challenge all mice receiving anti-DEN-1, anti-
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DEN-3 anti-DEN-4 antibodies succumbed to infection by days 5-7 (median 
survival time 4.5 days). In contrast, mice receiving anti-DEN-2 antibodies 
remained healthy for 10 days and slowly succumbed to infection by day 
18 (median survival time 13.5 days). Studies are currently underway to 
evaluate the protective efficacy of these antibodies against challenge with 
DEN-1 virus in AG129 mice and define correlates of protection related 
to humoral responses. These findings highlight the merits of these two 
animal models and set a precedent for evaluation of protective humoral 
immune responses to candidate DEN vaccines.

792
Immune-suppressive ability of dengue virus in an 
Aedes aegypti cell line

Shuzhen Sim, Jose L. Ramirez, Jayme A. Souza-Neto, George 
Dimopoulos
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

Little is known about the molecular biology of mosquito immune 
responses and defense reactions against dengue virus (DENV). Our group 
has shown that DENV infection in whole mosquitoes triggers an antiviral 
response involving the Toll and Jak-STAT pathways, as reported previously, 
and that inactivation of these pathways results in higher levels of virus 
replication in the mosquito. However, the presence of multiple tissues and 
cell types in whole mosquitoes complicates the molecular dissection of 
these immune responses and other pathways. We have thus established 
an immune-competent Aedes aegypti cell line system that can be used 
to more accurately dissect anti-dengue immune pathways and identify 
potential downstream anti-viral effectors. A preliminary microarray gene 
expression analysis carried out with cells infected with live DENV revealed 
an unexpected down-regulation of many immune genes, including 
antimicrobial peptides, serine proteases, thio-ester containing proteins 
(TEPs), and pattern recognition receptors. Interestingly, infection with heat-
inactivated (HI) DENV induced twice the number of immune genes as live 
DENV infection, but down-regulated only half as many immune genes. 
These data suggest that live DENV may be capable of immune suppression 
in the cell line. We are currently using DENV-bacteria coinfections to 
investigate this possibility, and are particularly interested to determine if 
known mechanisms of DENV immune suppression in mammalian cells are 
also at work in invertebrate cells. In mammalian cell lines, it is known that 
some DENV subtypes are capable of immune suppression while others 
are not; we plan to test these subtypes in our Aedes cell line and in live 
mosquitoes to determine if the same holds true in the invertebrate system. 
These experiments will shed light on how conserved the mechanisms 
of DENV-mediated immune suppression are in the vertebrate and 
invertebrate systems, and on the ability of arboviruses to optimally adapt 
themselves to both hosts.

793
Kinetic assessment of dengue virus cellular 
tropism

Tyler R. Prestwood, Sujan Shresta
La Jolla Institute for Allergy and Immunology, La Jolla, CA, United States

The four serotypes of dengue virus (DENV1-4) infect over 50 million 
people per year and induce disease ranging from mild to lethal. Despite 
the high number of cases, the virus-host interactions that ultimately 
determine disease and the cell types that support replication in vivo have 
not been characterized in detail. In this study, the cellular hosts of DENV 
replication, as indicated by intense cytoplasmic non-structural protein 
staining, were assessed by immunohistochemistry and flow cytometry 
using a mouse model of DENV infection. In lymphoid tissues, replication 
was observed first in the spleen 6 hours after infection, followed by 
replication in the lymph nodes, Peyer’s patches and bone marrow. 
Replication in these tissues peaked at approximately 2 days post-infection 
and was nearly undetectable by 3 days post-infection. In nearly all of 

the other tissues, replication was detected by 2 days post-infection and 
continued to increase beyond 3 days post-infection, at which time mice 
became moribund. These data provide a framework for understanding 
the virus-host interactions that modulate the DENV infection kinetics and 
suggest that different factors mediate and control viral replication in the 
lymphoid versus non-lymphoid tissues.

794
Frequency of Dengue Fever among Febrile Patients 
Presenting to an Urban Hospital in Medellin, 
Colombia: Study Results

Jorge E. Osorio1, Mark E. Beatty2, Yenny Goez3, Lina Restrepo3, 
Ruth E. Ramirez3, Francisco J. Diaz4, Berta N. Jaramillo3
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Colombia, 4Universidad de Antioquia, Medellin, Colombia

In 2007, the incidence of dengue in Medellin, Colombia was 21.2/10,000. 
Peak dengue season in Medellin is September through January of the 
following year. Due to difficulties with clinical diagnosis and lack of 
funding to support laboratory testing, we hypothesized that significant 
under reporting of dengue was occurring. Objective: Determine the 
proportion of febrile illness due to dengue among patient presenting to 
ambulatory clinics. We established fever surveillance in three facilities in 
2008 in a barrio of Medellin: A private clinic, a public clinic, and San Javier 
Hospital. Healthcare providers at these facilities were asked to refer all 
febrile patients (defined either by history of fever in the previous 7 days 
or having a core temperature >38.0 C on exam), to a study physician 
posted in the clinic. A standardized history and physical and an (acute) 
venous blood sample were obtained from all patients. A convalescent 
serum sample was collected 14-21 days after fever onset. Because the 
study physician rotated between clinics, surveillance was not continuous 
at any one site. A dengue case was defined as a patient presenting to a 
study clinic with fever and a serum sample positive for dengue by RT-PCR 
or MAC ELISA. From March 20, 2008 to March 20, 2009, 781 patients 
were recruited; 66 (8%) were laboratory-positive for a recent dengue 
infection: 26 patients were confirmed by RT-PCR: 8 were DENV2 and 18 
were DENV3; 40 patients by MAC ELISA. Median age of dengue-positive 
patients was 3years (range 1 month-89 years). Eight patients required 
hospitalization. None met WHO criteria for DHF; however only 9 had a 
platelet count and 4 had chest imaging for effusions completed. Only 
2 patients were diagnosed by the treating physician with dengue. In 
conclusion, dengue virus infection was indentified in 8.5% of patients 
presenting with fever in Medellin; however, dengue infection was rarely 
suspected. The results suggest that the burden of dengue in Medellin is 
greater than indicated by surveillance data.

795
Use of AG129 Mice to Assess the Safety of Live, 
Attenuated Dengue Vaccines 

Richard M. Kinney1, John J. Arguello1, Shawn J. Silengo1, 
Richard A. Bowen2, Claude A. Piche3, Claire Y. Huang4, Dan T. 
Stinchcomb1, Jorge E. Osorio5

1Inviragen, Inc., Fort Collins, CO, United States, 2Colorado State University, 
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States, 4Division of Vector-Borne Infectious Diseases, Centers for Disease 
Control and Prevention, Fort Collins, CO, United States, 5Inviragen, Inc., 
Madison, WI, United States

A significant obstacle in development and evaluation of candidate DEN 
virus vaccines has been the lack of a suitable animal model that mimics 
dengue pathogenesis in humans. Recently, interferon (IFN)-α/β + IFN-γ 
receptor knockout (AG129) mice have been used as a small animal model 
for DEN virus pathogenesis and vaccine testing. In a pilot toxicology 
study, we compared the effects of a GMP-quality tetravalent DEN vaccine 
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(DENVax, a chimeric DEN-2 PDK-53-based vaccine) to those of a wild-type 
DEN- 2 virus (strain 16681) in AG129 mice. Animals were subcutaneously 
dosed with a DENVax, DEN-2 16681, or with an excipient control. 
Injected animals were evaluated on a daily basis for weights and clinical 
abnormalities. On days 0, 3, 5, 7, 9 and 11, subsets of animals in each 
treatment group were anesthetized, and blood samples were obtained 
for hematology, plasma chemistry and virology. The anesthetized mice 
then were euthanized for gross necropsy, histopathological evaluation of 
various tissues and measurement of virus levels in the brain. While there 
was no mortality in any of the study groups, infection with the wild type 
DEN-2 resulted in abnormal clinical signs and reduced body weight on Day 
7. In contrast, DENVax vaccinated animals had no abnormal clinical signs. 
The main hematological and histological observations in the DEN-2 and 
DENVax groups were consistent with the altered immune status of these 
interferon-deficient mice. In both DEN-2 infected and DENVax vaccinated 
groups, peak viremia was observed on Day 3 post-vaccination. Peak titers 
and duration of viremia were lower in the DENVax group than in the 
DEN-2 group. Finally, virus was isolated from clarified brain homogenates 
only in the DEN-2 group and was not detectable in brain homogenates 
of the DENVax vaccinated mice. These findings highlight the utility of the 
AG129 mouse model for evaluating attenuation of dengue and other viral 
vaccines. The data also support the safety profile of DENVax and its use as 
a vaccine to protect against dengue fever.

796
Susceptible reconstruction and serotype specific 
estimates of the transmissibility and seasonality 
of transmission of dengue viruses in Thailand

Jon D. Benenson1, Robert V. Gibbons2, Ananda Nisalak2, Siripen 
Kalayanarooj S.3, Derek A. Cummings1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Armed Forces Research Institute of Medical Sciences, Bangkok, 
Thailand, 3Queen Sirikit National Institute of Child Health, Bangkok, 
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The incidence of dengue and dengue hemorrhagic fever are greatly 
influenced by the level of immunity present in a population.  The level of 
immunity in a population varies over time and is difficult to measure.  Here 
we present a statistical method to reconstruct susceptible dynamics 
similar to methods that have been used in measles, influenza and cholera 
dynamics. The proportion of the population susceptible to primary and 
secondary infection with dengue is estimated using serotype specific 
incidence data collected at the Queen Sirikit National Institute of Children’s 
Health over 30 years. The model provides a statistical framework for 
making inference about specific aspects of dengue transmission dynamics. 
We have used the model to estimate the seasonality of transmission for 
each of the dengue serotypes.  We find that transmission coefficients for 
each of the dengue serotypes vary throughout the year (serotype 1: 0.80-
1.44, serotype 2: 0.81-1.18, serotype 3: 0.64-1.82 and serotype 4: 0.71-
1.62). We also use this model to estimate the impact of short term cross 
protection between dengue serotypes.   The model recreates multi-annual 
oscillations present in incidence data.  Our model can be used to make 
approximate forecasts of incidence far enough in advance to provide time 
to make operational changes in response to impending epidemics.
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Dengue infection in hospitalized patients with 
febrile syndrome. Medellin, Colombia

Berta N. Restrepo1, Mark E. Beatty2, Yenny Goez1, Lina Restrepo1, 
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Dengue Fever (DF) is hyperendemic in Medellín, Colombia. During 1998-
2007 circulation of all four DENV serotypes was documented, with an 
average incidence of 57 cases/100,000; 2% of cases progressed to 
dengue hemorrhagic fever (DHF). We hypothesized the incidence of DF in 
Medellin was higher than reported because dengue surveillance is passive, 
clinical symptoms are not specific, and access to dengue diagnostics 
is limited. The study was undertaken to determine the proportion of 
hospital admissions for febrile illness due to DF. From March 20, 2008 
to March 20, 2009 all patients admitted to Unidad Hospitalaria de San 
Javier for a febrile illness in the previous 7 days documented either by 
history or by physical exam were included in this study regardless of the 
examining physician’s diagnosis. A standardized history and physical, 
as well as venous whole blood sample were obtained from all admitted 
patients. Patients were examined daily for clinical changes during their 
hospitalization and convalescent blood samples were obtained at 
discharge. Dengue diagnosis was confirmed using RT-PCR or a dengue-
specific IgM ELISA. Among the136 patients admitted for febrile illnesses, 
9 were confirmed dengue infection (7%); median age, 4 years (range 2 
months-48 years); 22% were female. One patient met WHO diagnostic 
criteria for DHF; there were no deaths. The patient with DHF was the 
only one of the nine confirmed cases that was diagnosed by the treating 
physician as dengue. This patient was also presumptively diagnosed and 
treated for leptospirosis. The diagnoses of the other confirmed cases were 
bronchitis and pneumonia (3), viral syndrome (1), febrile convulsion (1), 
mastitis (1), diarrhea (1), and cellulitis (1). Of the other 125 patients, only 
one was presumptively diagnosed with dengue. In conclusion, a significant 
proportion of hospital admissions for fever at Unidad Hospitalaria de San 
Javier in Medellin are due to dengue. However, in most cases dengue was 
not considered. This has important implications for patient treatment and 
assessments of dengue disease burden.

798
Usefulness of commercially available GPS data-
loggers for tracking human movement and risk of 
dengue virus infection

Gonzalo M. Vazquez-Prokopec1, Steven Stoddard2, Valerie Paz-
Soldan3, Amy Morrison2, Jorge Vasquez-Belchoir2, John Elder4, 
Thomas W. Scott2, Uriel Kitron1

1Emory University, Atlanta, GA, United States, 2University of California, 
Davis, CA, United States, 3Tulane University, New Orleans, LA, United 
States, 4San Diego State University, San Diego, CA, United States

Our understanding of the effects of human movement on dengue virus 
spread remains limited in part due to the lack of precise tools to monitor 
the time-dependent location of individuals. We determined the utility of 
a new, commercially available, GPS data-logger for long-term tracking of 
human movements in Iquitos, Peru. We conducted a series of evaluations 
focused on GPS device attributes key to reliable use and accuracy. 
Positional point and line accuracy were 4.4 and 10.3 m, respectively. GPS 
wearing mode increased spatial point error by 6.9 m. Units worn by two 
volunteers for 14-16 days allowed the identification of locations visited 
by them and the frequency and duration of each visit. Cost, battery life, 
size, programmability and ease of wear are unprecedented from previously 
tested units, proving the usefulness of our units for linking movement 
of individuals and transmission risk of dengue virus and other infectious 
agents.
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799
Dengue Surveillance in a Tertiary Hospital in Cebu 
City, Philippines

Maria Theresa P. Alera
United States Army Medical Component-Armed Forces Research Institute 
of Medical Sciences, Bangkok, Thailand

Dengue-like illness (DLI) cases were enrolled and characterized in a cross-
sectional, tertiary hospital-based passive surveillance study in Cebu City, 
Philippines. Male and female hospitalized patients presenting with DLI and 
who satisfied the study inclusion and exclusion criteria were enrolled in 
the study. From January to December 2008, 176 patients were enrolled 
into the study. AFRIMS JE/ dengue EIA and/ or dengue RT-PCR data was 
available on 173 of the subjects with 154/173 (89%) confirmed as dengue 
infections. Demographics of the confirmed dengue cases are as follows: 
male to female ratio was 1.2; age range was 2 to 32 years old with 
majority (96%) less than 15 years old. 144 (94%) subjects were diagnosed 
as acute secondary infections and only 6 (4%) cases were diagnosed as 
acute primary infections. The remaining cases were either suggestive of 
secondary dengue infection (2%) or unable to be differentiated whether it 
was a secondary or primary dengue infection (1%). Specific breakdown of 
the clinical diagnosis of the laboratory confirmed dengue cases as follows: 
69 (45%) DHF gr 2, 43 (28%) DHF gr 1, 33 (21%) DSS (DHF gr 3/gr 4), 5 
(3%) DF, and 4 (3%) systemic viral infection. Serotype data was available 
on 85 (55%) of the subjects with all 4 serotypes documented to be 
circulating with distribution as follows: 65 (76%) DEN-3; 10 (12%) DEN-1; 
9 (11%) DEN-2; 1 (1%) DEN-4.

800
Estimating the Global Burden of Dengue

Mark E. Beatty, G. William Letson, Harold S. Margolis
International Vaccine Institute, Seoul, Republic of Korea

Current WHO estimates show 2 billion people living in dengue endemic 
countries and up to 100 million dengue fever (DF) cases annually. We 
identified countries with populations at risk for dengue during the last 
25 years using three methods: [1] PubMed, country Ministry of Health 
and World Health Organization websites for reports of dengue incidence 
data, outbreaks, or serologic surveys to identify country-specific laboratory 
confirmed dengue infections; [2] published literature on laboratory-
confirmed dengue among travelers, and [3] maps to identify additional 
counties at risk that have no published data but are contiguous to with 
at least two countries reporting dengue disease and share > 50% of their 
border. We estimated the total population at risk for dengue using 2007 
estimated census data of identified countries. For countries where dengue 
is limited to certain regions (e.g. China, Argentina) we only include the 
populations of those regions. To estimate the total annual DF and dengue 
hemorrhagic fever (DHF) cases in endemic countries, we applied incidence 
data from dengue cohort studies to the at risk population by region. 
Africa was not included in DHF calculations. To estimate the total dengue 
deaths we applied an average case fatality rate of 1% to the total DHF 
estimate. We identified 113 countries with reported dengue in both types 
of published reports. The contiguous-country method added an additional 
11 countries, all in Africa. We estimated 3.5 billion people live in areas 
at risk for dengue. The contiguous country method increased this to 3.6 
billion people at risk. 55% of the world’s population is living in countries 
at risk for locally acquired dengue infection. Applying expansion factors 
from cohort studies and the 0.1% CFR, each year an estimated 34 million 
DF cases and 2 million DHF cases occur globally with 21,000 deaths. In 
conclusion, these estimates are at 2-4 times larger than previous estimates 
of populations at risk of dengue. DF may be a greater public health 
problem than previously considered.

801
Use of hand held computers for primary data 
collection in a dengue fever surveillance study, 
Medellin, Colombia

Mark E. Beatty1, Daniel Perez1, Yenny Goez Rivillas2, Bertha Nelly 
Restrepo Jaramillo2, Jorge E. Osorio3

1International Vaccine Institute, Seoul, Republic of Korea, 2Instituto 
Colombiano de Medicina Tropical, Univesidad CES, Sabaneta, Colombia, 
3Department of Pathobiological Sciences, School of Veterinary Medicine, 
University of Wisconsin, Madison, WI, United States

Hand held computers use the same operating systems and applications 
as desktop computers. Their small size and weight makes them ideal 
for use in the field. Data entered in the field is immediately available 
on downloading. However, replacing paper case report forms with 
hand held computer applications could raise multiple logistical, security, 
and regulatory issues during a clinical trail. We are conducting fever 
surveillance in Medellin, Colombia in preparation for possible clinical trails. 
In the pilot phase of the fever study, we introduced hand held computers 
to be used instead of paper forms. The hand held computers were 
programmed with data entry software. Study physicians were provided 
with these devices which were programmed with the standardized 
history physical exams questions (in Spanish).We compare data entry 
time and completion rate before and after introduction of the devices. 
We chronicled the logistical and other issues that occurred with use of 
the devices and the solutions to these issues. During the pilot phase of 
the study (December 12, 2007-February 20, 2008), 138 patients were 
recruited. The case report data was collected on paper for 57 of these 
patients, the remaining 81 were gathered using a hand held. The time 
taken to complete a history and physical exam (30-40 minutes) did not 
change going from a paper form to a hand held computer. However 
the number of incomplete forms was greatly reduced from 40% to 0%. 
Data entry and accompanying transcription errors were eliminated by the 
introduction of the hand held computers. Logistical issues encountered 
included risk of data loss, device malfunction, and issues with data transfer 
and storage. In conclusion, in the pilot phase of a fever surveillance 
study in Medellin, Colombia we replaced paper forms with programmed 
hand held computers. Savings in time and staff occurred through the 
elimination of data entry from form to computer. Missing data was also 
greatly reduced. Use of this technology greatly improved data quality in 
the study.

802
Epidemiologic Conditions Associated with Cases of 
Dengue Hemorrhagic Fever and Control Efforts: 
Applying Taiwan’s Experiences to Global Control

Chwan-Chuen King1, Tzai-Hung Wen1, Day-Yu Chao1, Scott Yan-
Jang Huang2, Shu-Fang Chuang3, Cheng-Jung Lee1, Chuan-Liang 
Kao3

1Institute of Epidemiology, College of Public Health, National Taiwan 
University, Taipei, Taiwan, 2Department of Public Health, College of Public 
Health, National Taiwan University, Taipei, Taiwan, 3Department of Clinical 
Laboratory Sciences and Medical Biotechnology, College of Medicine, 
National Taiwan University, Taipei, Taiwan

The number of dengue epidemics involving the more severe dengue 
hemorrhagic fever (DHF) has been increasing worldwide. Using 
epidemiological findings to prevent and control global epidemics of DHF 
is a primary public health concern. While most research has typically used 
incidence to describe epidemics, spatial-temporal preconditions for severe 
DHF epidemics have not been thoroughly understood. In Taiwan, where 
dengue is not endemic, we have had an unprecedented opportunity to 
develop spatial-temporal indices in Kaohsiung, southern Taiwan that 
may help identify risk patterns for predicting large-scale epidemics and 
the emergence of DHF.We used three new indices, probability of case-
occurrence (dengue weeks/52 weeks), duration (mean weeks/dengue 
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wave), and transmission intensity (incidence/ number of waves) to map the 
risk patterns of DHF cases during a large-scale 2002 dengue epidemic in 
Kaohsiung, Taiwan. The percentage of DHF/total dengue cases was used 
as an index of severity. Greater risk for large-scale dengue epidemic was 
predicted by viral waves with both long durations (above the range of 0.7 
to 1.5 weeks per wave) and high intensities (above the range of 0.2-1.2 
dengue cases per 1,000). Our research revealed greater risk conditions 
associated with DHF emergence in high versus low populated urban areas. 
In areas with high population density, DHF cases were associated with a 
longer lasting waves or waves with more intense transmission, despite 
low annual incidence (< 8.31 dengue cases /1,000) in these areas. In less 
densely populated areas, DHF cases were associated with both the waves 
of longer duration and higher intensity. Our efforts to assess the potential 
severity of dengue epidemics involved identifying fundamental risk 
patterns that contributed to the emergence of DHF cases. By honing in on 
identifiable spatial-temporal variables and their effect on the progression 
of DHF, we apply our research to preventing and minimizing the severity of 
future global epidemics.

803
Dengue in Cebu Province for Over a Decade and 
Pupal Productivity of Dengue Mosquito Vectors 
(Diptera: Culicidae) in a Rural Area in Cebu, 
Philippines

Frances E. Edillo1, Nenito D. Otero II1, Noel D. Roble1, Susana K. 
Madarieta2

1University of San Carlos, Cebu City, Philippines, 2Department of Health, 
Region VII, Cebu City, Philippines

This study aims to examine the patterns of dengue cases and deaths 
in Cebu province, Philippines recorded at sentinel hospitals of the 
Department of Health Regional Epidemiological Surveillance Unit in 1997-
2008, and to characterize the pupal productivity of Aedes aegypti and 
Aedes albopictus in rural Guba, Cebu City. A total of 33,771 dengue cases 
and 831 deaths occurred in Cebu province in 1997-2008. Year-to-year 
differences of dengue cases, deaths and case-fatality rates (CFR=1.19-
3.73%) were significant. Cebu (33.37%) and Mandaue (8.33%) were 
the top two cities in dengue cases yearly, whereas Talisay (5.31%), 
Lapulapu (3.55%), Toledo (3.48%), Minglanilla (3.11%), Danao (3.0%), 
Consolacion (2.65%), Liloan (2.48%), and Naga (1.94%) comprised the 
rest of the top ten cities or municipalities. Cebu City differed in dengue 
cases and deaths among them but not in CFR. Dengue cases and deaths 
increased in the rainy season yearly. One- to five-year old children (31.7%) 
were the most affected followed by six- to ten-year old (30.59%). Female 
and male patients did not differ. Pupal survey was conducted in 2008 rainy 
season in Guba so that dengue control focuses on eliminating the most 
productive breeding sites. Approximately 2,500 pupae were collected in 
554 breeding sites in 725 premises. Ten types of breeding sites yielded 
41.16% Ae. aegypti, whereas nine types yielded 14.26% Ae. albopictus. 
Plastic (40.15%) and metal drums (29.62%), plastic containers (10.53%) 
were the three most productive for Ae. aegypti, whereas coconut shells 
(0.10%), plant parts (0.94%), and bamboos (1.88%) were the least 
productive. The top most productive for Ae. albopictus were bamboos 
(28.52%), plastic barrels (21.14%), and rubber tires (19.13%); the least 
were cemented tanks (1.34%), plant parts and discarded containers 
(2.01%). Dengue in Cebu province, Philippines is attributed to growing 
urbanization and population, inadequate public health infrastructure, poor 
solid waste management, insufficient water supply in rural areas, and lack 
of effective mosquito surveillance.

804
Acute Encephalitis Syndrome Surveillance for 
Japanese Encephalitis --- India, May 2007-April 2008
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Dhillon3, Barbara W. Johnson1, Jamie S. Robinson1, V. Ravi 
Vasanthapuram4, Nalini Ramamurty5, Anita Desai4, Hamid S. 
Jafari2, Hardeep S. Sandhu1
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Japanese encephalitis (JE) virus is a leading cause of acute encephalitis 
syndrome (AES) in Asia, but the true burden of disease in India is 
unknown. Since 2006, the Government of India (GOI) has conducted 
JE vaccination campaigns among children (<15 years) in select endemic 
areas. In 2007, GOI established sentinel surveillance to better define 
the epidemiology and burden of JE in two endemic districts. From May 
2007-April 2008, active surveillance was performed for AES cases among 
children (<15 years) at the district hospitals of Bellary and Bardhaman. 
Serum and cerebrospinal fluid specimens were evaluated using JE 
IgM ELISA and plaque reduction neutralization tests. We analyzed JE 
vaccination status data and calculated minimum AES and JE incidence 
using resident cases and district-level census data. We identified 709 
AES cases, including 439 (62%) in Bellary and 270 (38%) in Bardhaman. 
Overall, 440 (62%) case-patients were under five years, 419 (59%) were 
male, 550 (78%) were rural residents, and 111 (16%) reported previous 
JE vaccination. Among district residents, the estimated AES incidence 
per 100,000 children was 40 for Bellary and 7 for Bardhaman. Of 677 
AES case-patients with available specimens, 63 (9%) had laboratory 
evidence of recent JE, including 6% (26/409) in Bellary and 14% (37/268) 
in Bardhaman (p=0.001). Six (10%) JE cases reported a history of JE 
vaccination. The estimated incidence of JE per 100,000 children was 
1.8 for Bellary and 0.7 for Bardhaman. In conclusion, JE is a significant 
cause of AES among children in Bellary and Bardhaman districts. Future 
surveillance should focus on defining the impact of JE vaccination and 
identifying other etiologies of AES.

805
In situ reverse-transcription loop-mediated 
isothermal amplification (in situ RT-LAMP) for 
detection of Japanese encephalitis viral RNA in host 
cells

Yi Liu, Ching-Kai Chuang, Wei-June Chen
Chang Gung University, Tao-Yuan, Taiwan

Clinical diagnosis of Japanese encephalitis is usually difficult due to non-
specific signs at the early and acute stages of the infection. Virus isolation 
from peripheral blood is also not possible because of the short period and 
low level of transient viremia even in the acute stage of the disease. It is 
thus urgent to develop a feasible and convenient method for laboratory 
diagnosis of the infection. This study was undertaken to establish a newly 
designed molecular approach that can be used to detect intracellular 
Japanese encephalitis viral RNA in host cells. The method was established 
and then was carried out to test its efficacy in cultured BHK-21 cells, 
subsequently in peripheral blood mononuclear cells (PBMCs) isolated from 
mice that have been inoculated with JE virus suspension. In this study, in 
situ reverse-transcription loop-mediated isothermal amplification (in situ 
RT-LAMP) was established; which combines merits of recently developed 
loop-mediated isothermal amplification (LAMP) and in situ reverse-
transcriptase polymerase chain reaction (in situ RT-PCR). In conclusion, 
the newly-designed method can detect viral RNAs in peripheral blood 
mononuclear cells (PBMCs) in a short time with high sensitivity and 
efficiency.
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Development of a consensus microarray method 
for identification of some severe infective viruses

Yang Y. Yinhui, Kang X. Xiaoping, Jiang Y. Yongqiang, Sun Qing-
Ge, Liu Hong, Zhu Qing-Yu
Institute of Microbiology and Epidemiology, Beijing, China, Beijing, China

Chikungunya virus, Japanese encephalitis virus, Yellow fever virus, Dengue 
virus, and other virus such as hanta virus, SARS-CoV, H5N1 avian influenza 
virus, can cause severe infectious diseases. However the consensus 
detective method is still not well established. Here we report a rapid and 
sensitive microarray technology to detect these viruses. A panel of specific 
probes both at genus level and species level were designed. The probes 
cover 9 genus and 16 virus species with the 70-mer oligonucleotides for 
genus level and 50-mer oligonucleotides for species level respectively. To 
decrease the interference of host genome in hybridization, the consensus 
genus primers were designed and utilized to specially carry out reverse 
transcription of the virus genome. The synthesis of the second strand was 
carried out by random primer (5-GTTTCCCAGTAGGTCTCNNNNNNNN-3).
The amplified products were labeled and proceeded to microarray analysis. 
This microarray based method utilized the highly conserved consensus 
primers to specially synthesize cDNA of virus could effectively identify 
16 severe infective viruses, and furthermore, an unknown virus isolated 
from pig brain in Shanxi province. This approach would have potential 
application in clinical diagnosis.

807
The change of the HSP70-related genes and its 
potential role in C6/36 cell infected by Japanese 
encephalitis virus

Ching-kai Chuang, Wei-June Chen
Chang Gung University, Tao-Yuan, Taiwan

Japanese encephalitis (JE) virus is a member of Flavivirus; frequently causes 
encephalitic diseases through mosquito bites. The genome of JE virus 
contains linear, single-stranded positive-sense RNA (~11 kb in length) 
that encodes 3 structural proteins in the order of the nucleocapsid (C), 
membrane (preM/M), and envelope (E), followed by 7 non-structural 
proteins (NS1~NS5). It is known that virus infection may induce changes 
in the expression of host genes. We recently found that the HSC70 gene 
were up-regulated in JE virus-infected C6/36 cells 6~24h post-infection. 
The HSP70 is a gene family; which is composed of four highly conserved 
proteins: HSP70, HSC70, GRP75 and GRP78. These proteins has been 
reported to play a variety of roles, such as acting as molecular chaperones 
facilitating the assembly of multi-protein complexes, participating in 
the translocation of polypeptides across cell membranes and to the 
nucleus, and aiding in the proper folding of nascent polypeptide chains. 
Additionally, the HSP70/HSC70 has been reported to involve in virus 
replication in some plant RNA viruses, resulting in improved production of 
virus genome. Not only for this, HSP70/HSC70 was also mentioned directly 
interacting with the JE virus E protein on the cell surface, suggesting that 
it participates the process of virus entry. Because this gene increases in 
its expression in response to JE virus infection to C6/36 cells, we are now 
investigating how it molecularly interacts with C6/36 cells during infection 
by the JE virus.

808
Differential Interaction of Dendritic cells 
and Macrophages to Russian spring-summer 
encephalitis and Omsk hemorrhagic fever viruses 

Bersabeh Tigabu, Michael Holbrook
University of Texas Medical Branch, Galveston, TX, United States

Omsk hemorrhagic fever virus (OHFV) and Russian spring-summer 
encephalitis virus (RSSEV), genus Flavivirus, have 90% homology at 

their amino acid level although they have different disease outcomes. 
Infection with OHFV mainly causes hemorrhagic fever, whereas RSSEV 
infection results in a severe form of CNS disorder. Understanding the 
interaction between these viruses and the host immune response will 
help in identifying potential new targets for vaccine production. Dendritic 
cells (DC) and macrophages play a critical role in both innate and 
adaptive immunity. Both function as antigen presenting cells to T-cells 
by upregulating expression of costimulatory and MHC molecules, and 
cytokine production. We exposed murine bone marrow DC and peritoneal 
macrophages to OHFV/RSSEV and examined their activation markers, and 
cytokines and chemokines responses. RSSEV replication was restricted in 
infected cells as the viral titer decreased over time. OHFV titer increased 
at 48hr and goes down over time. Neither virus blocked maturation of 
antigen presenting cells as evidenced by an increase in CD80, CD86 and 
MHC II. OHFV/RSSEV infection of macrophages and DC resulted in the 
secretion of a broad array of cytokines and chemokines. OHFV infected 
bone marrow DC had a robust production of IL-6, IL-10 and MIP-1α 
response as compared to mock or RSSEV infected bone marrow DC. Our 
results showed that macrophages and DC are important targets of OHFV/
RSSEV infection that modulate the host immune responses.
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Detection and Characterization of Tick-Borne 
Encephalitis Virus and Its Reservoir in the Kyrgyz 
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Tick-Borne Encephalitis Virus (TBEV) is an RNA virus belonging to the 
family flaviviridae that causes dangerous neuroinfections in an endemic 
zone extending from Central Europe through Siberia to Japan. In the 
summer of 2007 we undertook a field trip to the Kyrgyz Republic where 
we harvested animals and ticks, to initiate establishment of a baseline 
for viral epizootiology and epidemiology studies. We collected tissues 
from 185 specimens of rodents and shrews from 4 collecting localities. 
We hypothesize that due to environmental similarities to Alpine regions 
in Central Europe, the Kyrgyz Republic represents a locality of TBEV risk. 
To evaluate the presence of TBEV we analyzed samples using RT-PCR and 
serological screening techniques. We detected a Siberian subtype TBEV 
in a Himalayan field mouse (Apodemus pallipes). Initial sequencing of 
the NS5 gene demonstrated similarity to Kokkola strain from Western 
Finland. This is, to our knowledge the southernmost description of 
Siberian subtype TBEV and the first description of TBEV in the Himalayan 
field mouse. We are currently isolating viral genomes for sequencing. We 
will correlate viral genomic information with serology and the phylogeny 
of rodent and insectivore hosts. We are also evaluating the risk of human 
infection using risk map models and serological data from human patients.

810
Japanese Encephalitis in the Philippines: Chart 
Review and Laboratory Confirmed Hospitalized 
Cases

Maria Theresa P. Alera
United States Army Medical Component-Armed Forces Research Institute 
of Medical Sciences, Bangkok, Thailand

Japanese Encephalitis (JE) is a serious and disabling viral neurological 
infection. Human infection presents as asymptomatic, mild ILI or a life-
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threatening disease. A significant number of hospitalized cases result in 
death or if they recover, develop residual neurologic disabilities. A safe 
and effective JE vaccine is available and vaccination is considered the most 
effective method for long-term protection. In the Philippines, the incidence 
of JE is unknown with JE reported under the viral encephalitis/ meningitis 
disease group. Diagnosis is usually based on clinical presentation since 
laboratory based tests are not widely available. A chart review was done 
for all admitted cases of meningitis/encephalitis/ meningoencephalitis 
cases in 4 tertiary hospitals (2 in Region 3, 1 in NCR and 1 in Region 
6) covering 2004-2006. Classification was based on the final clinical 
diagnosis. For the 3 year duration among the 4 sites, 658 cases were 
admitted (484 meningitis, 124 encephalitis, 50 meningoencephalitis). 
Mortality ranged from 10-36% and recovery with residual disability was 
as high as 22%. Majority of the cases were <15 y.o. Cases started to 
increase in June and peaked in July of each year. Concurrently, a study 
was done in a tertiary hospital in Manila to document JE in Manila and 
nearby provinces. Data was collected from Sep 2005-Dec 2006. Fifteen 
patients were enrolled with 6(40%) cases from Region 3, CALABARZON, 
and Metro Manila confirmed with JE using the AFRIMS dengue/JE EIA. 
For the confirmed JE cases M:F ratio was 2:4, age range was 3-14 y.o. 
and confirmed JE was highest in the month of July. JE is endemic in the 
Philippines with possible evidence of seasonal peak of transmission but 
disease burden is unknown and surveillance is not laboratory based. 
There is a need to establish standardized and affordable diagnostic tests 
for JE and also data is needed to establish lab confirmed prevalence and 
incidence to determine whether JE vaccine should be incorporated in the 
national EPI.

811
Development of a broad spectrum Flavivirus 
quantitative detection assay using  
RT-PCR/electrospray ionization mass spectrometry 
on the Ibis T5000 platform

Rebecca J. Grant1, Carson D. Baldwin1, Michael J. Turell1, Cindy 
Rossi1, Feng Li2, Robert Lovari2, Larry Blyn2, Ranga Sampath2, Chris 
A. Whitehouse1
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Flaviviruses are a highly diverse group of viruses classified within the genus 
Flavivirus, family Flaviviridae. Flaviviruses are non-segmented, enveloped, 
positive-sense RNA viruses and most are arthropod-borne, requiring a 
mosquito or tick vector. The high genetic diversity of flaviviruses makes 
them extremely challenging to identify and several flaviviruses are highly 
pathogenic to humans and listed as NIH/CDC biothreat agents. In 
this study, we developed and evaluated a broad-range Flavivirus assay 
designed to detect both tick- and mosquito-borne flaviviruses. The assay 
consists of eight broad-range PCR primers and is performed in a 96-well 
plate format using RT-PCR combined with electrospray ionization mass 
spectrometry (RT-PCR/ESI-MS) on the Ibis T5000 platform. The assay was 
evaluated using a panel of thirteen different flaviviruses and all samples 
were correctly identified to the species level. To determine the limit of 
detection for the six mosquito-borne primer pairs, total RNA from West 
Nile virus (WNV) was serially diluted and assayed in replicates of 10. The 
mosquito-borne virus primer pairs could detect WNV to an equivalent 
viral titer of 0.2 PFU/mL. Similar results were obtained for the tick-borne 
primer pairs using the tick-borne flavivirus, Karshi virus. Analysis of 
flaviviruses in their natural background matrices included testing Aedes 
aegypti mosquitoes that were laboratory-infected with Dengue-1 virus. 
Not only could the assay accurately identifiy the virus within the infected 
mosquitoes, but we could determine that the average viral genome per 
mosquito was 5.4 x 106. Finally, using human blood, serum, and urine 
spiked with WNV and mouse blood and brain tissues from Karshi virus-
infected mice, we determined that these clinical matrices did not inhibit 
the assay and the viruses were clearly detected. In summary, we developed 
a single high-throughput Flavivirus assay that could detect multiple tick- 

and mosquito-borne flaviviruses and thus provides a new analytical tool 
for their diagnosis and to study their ecology and epidemiology.

812
Detection of West Nile virus RNA by one-step real 
time RT-PCR

Kenan Sener1, Mehmet Yapar1, Aykut Ozkul2, Ozgur Koru1, 
Ayhan Kubar1

1Gulhane Military Medical Academy, Ankara, Turkey, 2Faculty of Veterinary, 
University of Ankara, Ankara, Turkey

West Nile virus (WNV) is a mosquito-borne flavivirus. West Nile virus 
possesses a single stranded plus-sense RNA genome. In this study, we 
developed a new TaqMan based one-step real time reverse transcriptase 
polymerase chain reaction (RT-PCR) assay for detection and quantification 
of WNV RNA. Oligos targeting 3’ non coding region of WNV were 
designed by using oligo design and analysis software, OligoYap 4.0 (GATA, 
Turkey). None of the primer sequences showed genomic cross-reactivity 
with other viruses or cells in a web based BLAST (NCBI) search analysis. 
Oligos’s specificity was tested with WNV positive samples obtained from 
Faculty of Veterinary, University of Ankara. To confirm the specificity of 
the TaqMan PCR assay, CMV, EBV, HCV, CCHFV, RSV, measles, and mumps 
viruses were tested, and no cross-reactivity was observed between WNV 
and tested viruses. The reproducibility of assay was performed several 
times, and the same results were achieved. The new assay was able to 
quantify the WNV genes in different concentrations ranging from 101 to 
108 copies per reaction by plasmid standards. The first WNV was detected 
in a blood sample of a patient with acute graft-versus-host disease in our 
hospital. It can be concluded that our one-step real time RT-PCR method is 
a rapid and convenient diagnostic tool for clinical virology laboratories.

813
A CPE based High Throughput screen for anti-West 
Nile Virus: MLPCN Campaign

Dong Hoon Chung, Blake Moore, Fuli Jia, Shuang Feng, Clinton 
Maddox, Rasmussen Lynn, E. Lucile White, Melinda I. Sosa, 
Colleen B. Jonsson
Southern Research Institute, Birmingham, AL, United States

A mosquito-born pathogen, West Nile virus (WNV) causes significant 
health problem such as West Nile fever and neuroinvasive disease. Since 
the outbreak in New York in 1999 has been reported, WNV has spread 
and expands from the east coast to the Midwest of North America. In 
2003 nearly 10,000 cases were reported in the USA. Currently there are 
no antivirals or vaccines available. Safe and effective anti-virals are required 
immediately. Recently we have established a cell based, high throughput 
screening (HTS) system to develop antivirals against WNV. Unlike other 
HTS systems using a reporter expression or target based, in vitro enzyme 
assay, a cell based system utilizing a live infectious virus can identify 
compounds active in any target of virus replication cycles. The assay was 
adapted into a 384-well plate format and optimized with variations in 
assay conditions. The Z’ value, a coefficient to evaluate the quality of the 
assay, was greater than 0.7 indicating the assay is robust and suitable for 
HTS. We used the HTS as a primary screening method for screening a 
proprietary 13K compound library and a 300K compound library from the 
Molecular Libraries-Small Molecule Repository within the NIH molecular 
library probe production network (MLPCN). In a pilot scale screen with 
13K compounds, 110 compounds were selected and then analyzed 
further by dose response, time of addition, titer reduction and mechanism 
of action studies. Seven compounds were validated as initial probes; 
specific to the viral targets, reduction in progeny virus titers over 10 fold 
and EC90 less than 20 µM. A variety of chemical classes were identified 
including nucleoside analogues and N-phenylanthranilic acid chemical 
cores. Two compounds were found to be active in an in vitro protease 
assay using WNV NS2b-NS3. The primary screening data from the 300K 
compound library and the dose response data from selected compounds 
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were deposited at PubChem website. Currently, hit compounds from 
the 300K compound library are being characterized in a titer reduction 
assay. A similar approach using the cell based-HTS with an infectious virus 
may warrant the search for more potent agents that selectively abrogate 
production of the infectious virus.

814
A multicenter evaluation of a new antibody test 
kit for lymphatic filariasis employing recombinant 
Brugia malayi antigen Bm-14

Kurt C. Curtis1, Peter U. Fischer1, Kimberly Y. Won2, Patrick J. 
Lammie2, Hayley M. Joseph3, Wayne D. Melrose3, Norbert W. 
Brattig4, Gary J. Weil1
1Washington University School of Medicine, St. Louis, MO, United States, 
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Antibody tests are useful for mapping the distribution of lymphatic 
filariasis (LF) in countries and regions and for monitoring progress in 
elimination programs based on mass drug administration. Previous 
antibody tests have suffered from poor sensitivity and/or specificity or 
from a lack of standardization. We conducted a multicenter evaluation of 
a new commercial ELISA that detects IgG4 antibodies to the recombinant 
filarial antigen Bm14. Four laboratories tested a shared panel of coded 
sera that included 56 samples from people with microfilaremic Wuchereria 
bancrofti or Brugia infections and 25 control samples. Qualitative results 
were identical in all four test sites. In addition, each laboratory tested 
samples from their own serum banks. The assay detected antibodies in 
32 of 36 sera (91%) from people with Brugian filariasis and in 96 of 98 
sera (98%) from people with Bancroftian filariasis. Specificity testing 
showed that many sera from patients with other filarial infections such 
as onchocerciasis had positive antibody tests. Specificity was otherwise 
excellent, although 3 of 30 sera from patients with ascariasis and 4 of 51 
with strongyloidiasis had positive antibody tests; it is possible that some 
of these people had previously lived in filariasis-endemic areas. Antibody 
test results obtained with eluates from blood dried on filter paper were 
similar to those obtained with serum tested at the same dilution. This test 
may be helpful for diagnosing LF, especially for patients with clinical signs 
of filariasis. The test also has attractive features for use in public health 
programs in LF endemic countries, namely robustness, high throughput, 
and the ability to test filter paper blood samples. These features should 
help to make antibody testing a practical tool for monitoring the progress 
of filariasis elimination programs and for post-MDA surveillance.

815
Socio-economic analysis of NTD at individual and 
household level: Selected evidences, knowledge 
gaps and alternative patterns of impact 
assessment

Elena Vuolo
World Health Organizarion Eastern Mediterranean Office, Cairo, Egypt

The research question deals with understanding the extent of socio-
economic assessments dealing with Neglected Tropical Diseases (NTDs) 
in terms of type of evaluation, applied techniques and research trends 
from a socio-economic perspective. The ultimate goal of the review is 
two-fold. First, to identify knowledge gaps and research areas which have 
not been addressed so far through the lens of socio-economic assessment 
tools. Second, to describe and propose a different framework of analysis 
addressing the identified gaps of knowledge. For the purpose of this 
document, this review is a first synthesis of evidences and is designed 
to highlight some key evidences to open further assessment patterns. 
The use of the illness-poverty schemes provides a first understanding of 
the bidirectional relationship between NTDs and poverty. However, by 
reviewing the available socio-economic studies on NTDs impact, some 

knowledge gaps can be identified. This calls for new patterns of socio-
economic estimations to measure NTDs effects and the impact of health 
interventions to tackle the burden of these diseases. The proposed 
new framework moves from the poverty focus to the vulnerability 
lens, leading the following implications affecting assessment design 
and orienting operational decisions: (1) The assessment of vulnerability 
over time focuses on contextual factors changes and how these same 
changes may differently impact on the risk of infection and re-infection. 
Vulnerability analysis would address contextual factors such as seasonality 
within the broad context of socio-economic issues, thus going beyond 
epidemiological approaches that focus biological responses to infectious 
disease; (2) Vulnerability assessment helps extend the assessment of 
disease impact, thus addressing not only the cause of disease, but also 
the disability condition caused by the chronic nature of diseases such as 
NTDs; and (3) Knowledge of contextual change is a critical factor to assess 
how households differently modify their coping mechanisms over time. For 
instance, households may cope by making temporary adjustments to their 
expenditures in the short term. However, in the long term the same coping 
strategies can have negative implications for households, thus increasing 
levels of vulnerability and poverty for those households unable to cope 
with the costs of disease.

816
Novel Boron-Containing Small Molecules as 
Potential Therapeutics Against Human Lymphatic 
Filariasis

Yvonne R. Freund1, Yong-Kang Zhang1, Vincent Hernandez1, 
Liang Liu1, Lisa Feng1, Jessica Kopaczewski2, Michael A. Kron2

1Anacor Pharmaceuticals, Inc., Palo Alto, CA, United States, 2Medical 
College of Wisconsin, Milwaukee, WI, United States

Lymphatic filariasis is a parasitic infection of humans caused by filarial 
nematodes of the genera Brugia and Wuchereria. These organisms infect 
more than 120 million people in 80 countries in tropical and subtropical 
regions. Nematodes are transmitted by mosquitoes and more than 
one billion people live in areas where mosquito-borne transmission is 
active. Currently available medicines neither prevent filarial infection nor 
permanently disrupt the parasite life cycle, and resistance to the existing 
therapeutics is emerging. New compounds are urgently needed with 
the capability to kill the adult worm form. Anacor Pharmaceuticals has 
developed a novel class of oxaborole compounds, some of which target 
leucyl aminoacyl tRNA synthetase in bacteria and fungi. In an in vitro 
screen against adult worms of the filarial nematode, Brugia malayi, a 
selection of these oxaboroles have shown excellent activity. The rate of 
in vitro killing by these oxaboroles was compared to that of a known 
antifilarial compound, albendazole, which at 100 µM requires 15-19 days 
to kill adult B. malayi. Fifteen oxaboroles killed adult worms faster than 
albendazole, and two structurally-related oxaboroles killed B. malayi at 
nM concentrations in 24 h. In preparation for in vivo efficacy studies, 
pharmacokinetic profiles were measured on the most active compound, 
AN3031. After oral dosing at 22 mg/kg in mice, AN3031 showed an oral 
bioavailability of 43%, an AUC of 37.5 h*μg/mL and a terminal t1/2 of 3.0 
h. This compound is now progressing to in vivo efficacy studies. Structure-
activity relationships for the tested oxaboroles with activity against the 
adult worms will be reported.
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817
Optimising antibiotic treatment of Brugia malayi 
Wolbachia in infected Jirds

Louise Ford1, Ana Guimaraes1, John W. McCall2, Mark J. Taylor1

1A-WOL Consortium, Filariasis Research Group, Liverpool School of Tropical 
Medicine, Liverpool, United Kingdom, 2Department of Infectious Diseases, 
College of Veterinary Medicine, University of Georgia, Athens, GA, United 
States

Filarial nematodes are an important group of human pathogens infecting 
around 150 million people throughout the tropics with more than 1.5 
billion at risk of infection. One major obstacle threatening the success 
of the filariasis control programmes is the absence of a drug with 
macrofilaricidal or permanent sterilizing activity. Anti-biotic targeting of 
filarial Wolbachia, an essential bacterial symbiont, has recently provided 
a novel treatment for filariasis with such activity. Here we report on 
experiments aimed at optimising different antibiotic treatment regimens 
(25, 100, 200 or 400 mg/kg/day for 32 or 46 days), in Mongolian jirds 
(Meriones unguiculatus) infected with adult Brugia malayi and the 
effects on worm recovery, embryogenesis, microfilaria (Mf) release, and 
Wolbachia load. The reduction in numbers of Wolbachia are determined 
using quantitative real-time PCR (qPCR) and expressed as Wolbachia 
wsp:Brugia gst ratios. The log drop in the ratio of wsp:gst gives a 
quantitative measure of the effect on Wolbachia loads. qPCR analysis 
showed significant decreases in Wolbachia levels compared with controls 
in worms recovered from both doxycycline-treated and minocycline-
treated jirds. In addition, parasitological analysis showed significant 
decreases in Mf production and clear disruption of embryogenesis leading 
to shifts in the development of embryonic stages in both treatments. 
The effects on Mf, embryogenesis and Wolbachia following treatment 
with doxycycline are more dependent on the length of treatment period 
than on the dose. Treatment with minocycline is more effective than 
doxycycline, producing significant effects on Mf, embryogenesis and 
Wolbachia at both lower doses and shorter treatment times. The effects 
of a combination of doxycycline and ivermectin and a comparison with B. 
pahangi will also be presented.

818
Prospects for the interruption of onchocerciasis 
transmission in Mount Elgon focus, Eastern 
Uganda

Frank Richards1, Tom Lakwo2, Peace Habomugisha3, Ephraim 
Tukesiga2, Stella Agunyu3, David Ogutu2, John Bosco Rwakimari2, 
Edson Byamukama3, D. K. Lwamafa2, Sam Zaramba2, Donald 
Hopkins1, Lindsay Rakers1, Moses Katabarwa1

1Emory University/The Carter Center, Atlanta, GA, United States, 2Ministry 
of Health, Kampala, Uganda, 3The Carter Center, Kampala, Uganda

The Mount Elgon onchocerciasis focus is a highly isolated, having an 
area of 250 km2, and is located in eastern Uganda close to the border 
with Kenya. The vector is Simulium neavei s.s., whose larvae develop in a 
phoretic association with the fresh water crab Potamonautes granviki. The 
focus has been treated with annual ivermectin mass drug administration 
(MDA) through community-directed treatment since 1994. When the 
ministry of health of Uganda launched its onchocerciasis elimination 
program in 2007, MDA was increased from once to twice per year, 
and vector elimination activities using the larvicide temephos (Abate®) 
commenced in early 2008. Sentinel village examinations with skin snips 
to measure microfilardermia were conducted in 1994 and 2005. Baseline 
crab trapping and examinations, and 11-hour black fly landing catches at 
the four established catching sites and fresh fly dissections began in 2007 
and have been repeated monthly. Ground application of Abate®) at the 
rate of 0.2-0.4 mg/l were conducted in the focus. MDA coverage has been 
over 90% of eligibles since the 1994 and was unaffected by the switch 
to twice per year treatment. Microfilardermia dropped from over 50% to 
under 2%. The results from the larviciding campaign revealed that crab 

infestation with larvae and pupae of S. neavei drastically reduced from 
30.2% pre-control in 2007 to 0% in March 2009. Adult fly biting rate 
reduced from 5 FMH in 2007 to 0 FMH in March 2009. Fly infection rate 
also drop from 7% in 2007 to undetermined in July 2008 when there was 
no more flies to dissect. Onchocerciasis transmission has been interrupted 
in the Elgon focus. However, entomological surveillance and semi annual 
treatment with ivermectin will continue for undetermined period of time 
until it is clear that elimination of onchocerciasis has been achieved.

819
Cost-Effectiveness Analysis of Microscopy, Og4C3 
ELISA and PCR for the monitoring of Lymphatic 
Filariasis Mass Drug Administration Intervention

Vida E. Hotor1, Michael D. Wilson1, Moses Aikins2, Charles 
Brown1, Daniel A. Boakye1, Langbong Bimi3
1Noguchi Memorial Institute for Medical Research, Accra, Ghana, 
2School of Public Health, University of Ghana, Accra, Ghana, 3Zoology 
Department, University of Ghana, Accra, Ghana

Lymphatic filariasis (LF) is a disease, resulting from infection with the 
nematode parasite Wuchereria bancrofti and transmitted by mosquitoes. 
It is a profoundly disfiguring disease that has major social and economic 
impact on afflicted communities. WHO necessitated the adoption of the 
mass drug administration (MDA) intervention as a global programme for 
the elimination of the disease. A number of diagnostic tools are used to 
monitor the programme but each has its own limitations. To help define 
an end point to disease transmission in order to stop MDA, it is important 
to assess the sensitivity of currently used monitoring tools in areas with 
low LF infection rates following MDA. This study sought to evaluate the 
relative performance and cost effectiveness of microscopy, ELISA and 
PCR following MDA. The study was conducted in Ankwanda and Brenu 
Akyinimu, two LF endemic villages located in the KEEA district in the 
Central Region of Ghana that had undergone at least three rounds of 
MDA. Blood was collected at night from 115 individuals and was used 
to prepare smears which were observed under the microscope. Some of 
the blood was blotted on filter papers which were used for ELISA and 
PCR tests. Capital and recurrent cost for the three diagnostic tools were 
determined and calculated using standard methods. In all, there were no 
positives recorded for microscopy. ELISA and PCR tests showed 1.7% and 
2.6% respectively for positives. The cost of microscopy was $136.94, $1.2 
per test, ELISA was $335.28, $2.9 per test, with PCR costing $466.4 and 
$4.1 per test. Compared with Og4C3 and microscopy, PCR was found 
to be the most cost-effective tool to help define an endpoint to disease 
transmission for MDA to be stopped.

820
Structural and immunologic cross reactivity 
among allergens and homologous helminth 
antigens: lessons learned from tropomyosin and 
their implication for the hygiene hypothesis

Helton C. Santiago, Sasisekhar Bennuru, Thomas Nutman
National Institutes of Health, Bethesda, MD, United States

With allergy increasing in both resource-rich and -poor countries and 
with the mechanisms underlying this increase being multi-factorial and 
poorly understood, it has been suggested that the relationship between 
allergy and control of helminth infection is the major determinant (so-
called “Hygiene hypothesis”). Nevertheless, there are data to show that 
helminth infection can aggravate or induce allergic reactivity. To address 
specifically the relationship between the structure of particular helminth 
antigens and their important homologues among known allergens, we 
assessed the immunological cross-reactivity of parasite and non-parasite 
tropomyosin, as tropomyosin is an important allergen that is common to 
a variety of organisms including crustaceans, mites and cockroach. To this 
end, tropomyosins from Onchocerca volvulus (Ov) and Dermatophagoids 
pteronyssius (Der p) were assessed for reactivity of IgE and IgG antibodies 
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in 58 individuals with helminth infection and 21 non-infected individuals 
allergic to house dust mite. Our data showed a strong correlation 
between serum levels of both for tropomyosin-specific IgE and IgG 
(p<0.0001, r=0.97). Pre-incubation of sera from Der p allergic patients 
with Ov tropomyosin depleted IgE and IgG anti-Der p tropomyosin by 100 
percent when compared to pre-incubation with Der p tropomyosin itself. 
Moreover, Ov-tropomysin inhibited the binding of Der p-specific antibodies 
to Der p tropomyosin using an interference ELISA, whereas an unrelated 
antigen failed to inhibit at all. Taken together, our data suggest a strong 
cross reactivity between Der p and Ov tropomyosin that may provide 
insight into the relationship between helminths and allergic disease.

821
Natural Progression of Lymphedema in Togo 
between 2004 and 2007 

Hashini Seneviratne1, Jennifer Lasley1, Stephanie Richard1, 
Ameyo M. Dorkenoo2, Yao Sodahlon3, Els Mathieu1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Ministry of Health, Lome, Togo, 3Mectizan Donation Program, Atlanta, 
GA, United States

Lymphatic filariasis (LF) is a mosquito-borne disease of global concern. 
Globally, over 14 million people suffer LF-associated lymphedema 
for which effective management strategies are currently available. In 
preparation for a national morbidity management program in Togo, 
a baseline survey was performed to identify lymphedema burden and 
treatment preferences and cost. Due to a three year delay in release of 
program funding, the baseline survey had to be redone, providing the 
opportunity to assess the natural progression of the disease. A cohort 
consisting of a convenience sample of 188 people with lymphedema 
was interviewed in 2004 and 2007. Symptoms, treatment preferences, 
frequency of acute attacks, and physical and psychological burden of 
leg lymphedema were assessed at both times. Pictures were taken of 
cohort participants’ legs in 2004 and 2007, allowing for the comparison 
of stage and individual symptoms to survey responses. From 2004 to 
2007, 36 patients were lost to follow up. Preliminary analysis showed no 
discernible pattern of disease evolution over the three years. The slight 
decrease in prevalence of lymphedema between 2004 and 2007 was not 
statistically significant: self-reported swelling of the right leg went from 
67% to 63% (OR=1.22, p=0.49) and self-reported swelling of the left 
leg went from 66% to 60% (OR=1.29, p=0.38). When looking at the 
individual patient, we saw no statistical significance between people who 
improved and people who experienced worsened conditions. Even in the 
absence of a morbidity management program, the number of Togolese 
with swollen legs who self-reported using no treatment declined (- 73%). 
The use of recommended treatments increased, in particular elevation 
(+ 266%) and use of medication for acute attacks (+ 360%), suggesting 
that the interviewers may have recommended management strategies 
to patients. Even after excluding those patients from the cohort who 
adopted morbidity management techniques, there was still no statistically 
significant difference in lymphedema improvement or deterioration 
within the three years. More detailed analyses will be included in the final 
presentation. Preliminary analyses indicate variable progression of the 
disease over time. Further research is needed to better investigate the 
natural history of lymphedema. This information is necessary to evaluate 
lymphedema management programs.

822
Evaluation of the larval migration inhibition 
assay for detecting ivermectin resistance in Brugia 
pahangi

Christopher C. Evans, Michael T. Dzimianski, Andy R. Moorhead, 
Ray M. Kaplan
University of Georgia, Athens, GA, United States

Programs for the control and elimination of lymphatic filariasis, with high 
coverage rates and repeated treatments, are expected to place strong 
selective pressures for the development of anthelmintic resistance. Similar 
strategies for parasite control in livestock have produced high levels 
of resistance that threaten animal health and productivity worldwide. 
Though the potential for resistance in human filarioid parasites remains 
a concern, there are currently no diagnostic assays that can detect or 
measure this. The larval migration inhibition assay (LMIA), which separates 
nematode larvae on the basis of their motility, may potentially serve this 
purpose through the generation and comparison of dose-response curves. 
We tested multiple assay parameters to determine optimal migration 
conditions for third-stage Brugia pahangi larvae collected from mosquitoes 
fed on blood from infected dogs. These conditions include a three hour 
incubation of larvae in the presence of various ivermectin concentration 
followed by a three hour migration through 20μm mesh, both at 37°C 
with a 5% CO2 atmosphere. We are evaluating the repeatability of the 
dose response to ivermectin. Preliminary results suggest that the LMIA may 
have potential for detecting resistance to ivermectin in B. pahangi.

823
STATUS OF NEGLECTED TROPICAL DISEASES IN MOROGORO 
REGION, TANZANIA MAINLAND

Upendo J. Mwingira1, Benjamin Mayalla1, Bernard Kilembe1, 
William Kisoka1, Mbutolwe E. Mwakitalu1, Nicholas Lwambo2, 
Prince Mutalemwa1, Charles D. Mackenzie3, Lynsey Blair4, Allan 
Fenwick4, Edwin Michael4, Mwele N. Malecela1

1National Institute for Medical Research, Dar-es-salaam, United Republic 
of Tanzania, 2National Institute for Medical Research, Mwanza, United 
Republic of Tanzania, 3Michigan State University, East Lansing, MI, United 
States, 4Imperial College School of Medicine, London, United Kingdom

The World Health Organization estimates that, at least one billion people 
are affected by one or more of Neglected Tropical Diseases(NTDs) and 
a further two billion are at risk in tropical and subtropical countries. 
These diseases affect impoverished people living in rural and poor urban 
areas. The control these disease namely, schistosomiasis, soil-transmitted 
helminthiasis, lymphatic Filariasis and onchocerciasis is largely dependent 
on preventive chemotherapy. Several parasitic diseases overlap in Tanzania 
and multiple species of parasites co exist in most individuals. The control 
of these diseases are coordinated by the Ministry of Health and Social 
Welfare and implemented at district level. As part of an integrated 
approach to baseline data collection for the NTD program, information 
on all of these disease infections and their morbidity indicators in was 
carried out in two districts endemic for more than 2 NTD’s in Morogoro 
Region. The aim of the study was to obtain information on these diseases 
and their morbidity indicators in order to assess the impact of mass 
chemotherapy. 12 villages in the two districts of Kilombero (4 villages) and 
Kilosa (8 villages) were selected as the study areas. Blood samples were 
taken for Circulating Filarial Antigen (CFA), Microfilaria, Haemoglobin 
and Malaria parasites. Urine for Schistosomiasis haematobium while 
stool for was for schistosomiasis mansoni and STH tests. A total of 756 
people were sampled 486 Kilosa and 270 Kilombero. Circulating Filarial 
Antigen (CFA) prevalence was 18.5% in Kilombero and 30.7% in Kilosa. 
Prevalance of Schistosoma mansoni in Kilosa was 2.7% while in Kilombero 
3.7%.A.lumbricoides and Trichuris prevalence were less than 1% in both 
districts while hookworm infection was 0% in Kilombero and 5% in 
Kilosa. These data serve as baseline data on NTDs burden and distribution 
in communities, which in turn will facilitate the assessment of the impact 
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of mass chemotherapy on these infections prevalences and morbidity. The 
extent and impact of polyparasitism in these areas will be discussed.

824
The nematode parasite Onchocerca volvulus and 
other filariae generate the transforming growth 
factor-β (TGF-β)

Simone Korten1, Dietrich W. Büttner1, Christel Schmetz1, Achim 
Hoerauf2, Sabine Mand2, Norbert Brattig1

1Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany, 
2Institute for Medical Microbiology, Immunology and Parasitology, 
University of Bonn, Bonn, Germany

Transforming growth factor-β (TGF-β) is a highly conserved cytokine 
that has a well-known regulatory role in human and murine immunity, 
but also in organ development and tissue homeostasis of most animal 
species including helminths. Homologous tgf-b genes and mRNA have 
been detected in the filaria Brugia malayi. However, the in situ protein 
expression is unknown for filariae. Therefore, we examined several filariae 
for the expression and localization of latent (stable) TGF-β in adult and 
larval stages. A specific goat anti-human latency associated protein (LAP, 
TGF-β 1) antibody, purified by affinity chromatography, was used for 
light and electron microscopic immunohistochemistry. Adult Onchocerca 
volvulus, O. gibsoni, O. ochengi, O. armillata, O. fasciata, O. flexuosa, 
Wuchereria bancrofti, Dirofilaria sp., B. malayi, and infective larvae of 
W. bancrofti reacted with the antibody. Labeling of worm tissues varied 
between negative and all degrees of positive reactions, but the pattern 
of reactivity was the same among different worms and different filaria 
species. Latent TGF-β was most strongly expressed adjacent to the cell 
membranes of the hypodermis, the epithelia and muscles, particularly of 
the uterus, adjacent to some laminae and to many nuclei in all organs 
of vital immature and mature female as well as male worms. The basal, 
but not median or cortical layer of the adult worms’ cuticle was labeled. 
Degenerated uterine microfilariae were TGF-β+, whereas vital mf, oocytes 
and embryonic stages were negative. TGF-β was well expressed in worms 
without Wolbachia endobacteria eliminated by doxycycline treatment. 
Some moribund, but no dead adult worms were labeled as well as 
pleomorphic neoplasms in O. volvulus. The other species demonstrated 
the same staining pattern. We conclude that latent TGF-β protein is 
expressed by filariae independently of Wolbachia, transported and 
secreted internally possibly regulating organ development and worm tissue 
homeostasis.

826
Development of GMP protocol for the production 
of r-Bm14 based IgG4 ELISA kit

Diane Dogcio
Cellabs Pty Ltd., Brookvale, Australia

Reliable, cost effective diagnostic tools are an essential part of the 
Global Program to Eliminate Lymphatic Filariasis. Previous research has 
indicated that the suite of tools available should contain a standardized, 
commercially-available assay to detect anti-filarial antibodies. 
The recombinant based Bm14 antibody detection Enzyme Linked 
Immunosorbent Assay (ELISA) was developed to meet this need. This 
poster describes the development and optimisation of the assay, and the 
methods used to evaluate the reliability and stability of the prototype kits 
prior to field evaluation trials.

827
Congenital transmission of Trypanosoma cruzi in 
second generation Wistar rats

Elio Moreno, Marta Ramirez, Maritza Alarcon, Ana Lugo-Yarbuh, 
Juana Villarreal, Anajulia Gonzalez
Universidad de Los Andes, Merida, Venezuela

Mothers infected with Trypanosoma cruzi can congenitally transmit this 
parasite to their progeny in successive generations. In this work, we 
research the congenital transmission of second generation T. cruzi in the 
offspring of the Wistar rats (Rattus norvegicus), using parasitological, 
serological, histopathological, immunohistochemical and molecular 
diagnostic tests. Direct blood exams and cultures carried out on the 
offspring were negative while the xenodiagnosis revealed 18.2% to be 
positive. The IFI and ELISA serologies applied to each one of the offspring 
serum showed a seropositivity of 31.8% and 34.1% respectively. The 
histopathological study shown the restoration of an acute myocarditis 
(26.19%) and myositis (38.09%), with inflammatory processes of 
variable intensity, sin tissue parasitism. The immunohistochemestry study 
in weaves dealt with PAP reaction, revealed the presence of abundant 
antigenic deposits on the cardiac muscle (40.47%) and in the skeletal 
muscle (45.23%). Also, with the IIF fluorescent antigenic deposits were 
detected in the hearts (30.95%) and skeletal muscle sections (9.52%). The 
DNA extracted from the serum and the tissue of the offspring was used 
to evaluate the T. cruzi infection using the PCR technique with species 
specific oligonucleotides. In the serums, 6.8% of the positive samples 
were observed to be positive while the rest of the DNA of the parasite 
detected in the heart and skeletal muscle sections was 54.5 and 45.4%, 
respectively. The diagnostic tests used confirmed the presence of T. cruzi 
in blood circulation, in the serum, and in the tissue of the offspring. The 
most sensitive technique was PCR and the organ most affected was 
the heart. In conclusion, second generation congenital transmission of 
the T. cruzi occurred in the experimental model of Wistar rats. These 
results support the use of the bimolecular technique for the study of the 
epidemiology in Chagas’disease.

828
IMPORTANCE OF URINARY KINETIC TO VALUE THE 
DISPOSITION OF EXPERIMENTAL PENTAVALENT ANTIMONY 
ULAMINA® 

Laura C. Vasquez1, Libia R. Vasquez1, Milagros Oviedo2, Jose V. 
Scorza D3, Nelson Vicuña-Fernandez1, Yaneira Petit de Peña3

1Universidad de Los Andes, Valera, Venezuela, 2Instituto Experimental Jose 
W. Torrealba Universidad de Los Andes, Trujillo, Venezuela, 3Universidad de 
Los Andes, Merida, Venezuela

Pentavalent antimony has demonstrated therapeutically effectiveness 
against distinct forms of leishmaniasis. The urinary kinetics of the generic 
pentavalent antimony Ulamina was studied following intramuscular 
administration in a single dose of 5 mg.kg-1 of weight to five healthy 
volunteers. The urinary samples were collected and cuantificated at the 
follow intervals: 0-6, 6-12, 12-18 and 18-24 hours following treatment. 
Determination of trivalent antimony (SbIII), pentavalent antimony (SbV) 
and total antimony in urine samples was carried out using atomic 
absorption spectrometer. The volunteers was monitoring before and 
after administration of Ulamina® by clinical history, physical examinations, 
corporal weight, tests for hepatic and kidney functions. Didn’t have 
evident of adverse o toxics reactions. Its make curves of accumulated 
drugs in urine vs. time (du vs. t). The pharmacokinetic parameters 
calculated were amount remaining to be excreted (ARE) vs. time (Sigma-
minus graphic), rate of elimination (Kel) = 0,056 h-1, half-life (t1/2)= 13, 68 
h, rate of urinary excretion of first order process (Ku)= 0.014 mg/Lxh-1 and 
renal clearance (V)= 0, 11 L/h. All urinary samples had SbIII as a metabolite 
in a value of 20, 22 percent, in some cases the relationship between SbV/
SbIII were half of total antimony biodisponibility. Of the doses of total 
antimony administered it’s was excreted 20, 70% in 24 hours. Finally, 
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the plasmatic t1/2 reported is 13.46h, without significative difference with 
obtained following urinary data.

829
Lead Optimization of Novel Boron-Containing Drug 
Candidates for the Treatment of Human African 
Trypanosomiasis

Robert Jacobs1, Charles Ding2, Yvonne Freund2, Kurt Jarnagin2, 
Jacob Plattner2, Cyrus Bacchi3, Nigel Yarlett3, Matthew Orr1, 
Bakela Nare1, Cindy Rewerts1, Daitao Chen1, Andy Noe1, Jessica 
Sligar1, Matthew Jenks1, Stephen Wring1, Robert Don4

1SCYNEXIS, INC., Research Triangle Park, NC, United States, 2Anacor 
Pharmaceuticals, Inc., Palo Alto, CA, United States, 3Pace University, New 
York, NY, United States, 4Drugs for Neglected Diseases initiative, Geneva, 
Switzerland

Human African Trypanosomiasis (HAT) represents a significant public 
health problem in sub-Saharan Africa affecting hundreds of thousands 
of individuals. An urgent need exists for the discovery and development 
of new, safe, and effective drugs to treat HAT, as existing therapies 
suffer from poor safety profiles, difficult treatment regimens, limited 
effectiveness, and a high cost of goods. From a collaborative effort 
between SCYNEXIS, Anacor Pharmaceuticals, Pace University, and DNDi, 
we report ongoing lead optimization efforts on a novel class of small 
molecule boron-containing compounds, exemplified by SCYX-6759. These 
compounds inhibit in vitro growth of T. brucei with IC50’s ~100 nM, are 
not cytotoxic to mammalian cells, and exhibit good physiochemical and 
pharmacokinetic properties. In a murine model of CNS-stage disease 
utilizing the TREU667 strain of T.b.brucei, treatment with 50 mg/kg of 
SCYX-6759 BID for 14 days has demonstrated 100% efficacy, resulting 
in absence of blood parasites for >180 days. Development of a structure-
activity relationship (SAR) profile for this chemical series and efforts to 
improve biological and pharmacokinetic profiles in the CNS-disease model 
through chemical modifications are reported herein.

830
Cost-effectiveness analysis of combination 
therapies for visceral leishmaniasis on the Indian 
subcontinent

Filip Meheus1, Shyam Sundar2, Suman Rijal3, A. Faiz4, Manica 
Balasegaram5, Jorge Alvar6, Piero Olliaro6, Marleen Boelaert1

1Institute of Tropical Medicine, Antwerp, Belgium, 2Banaras Hindu 
University, Varanasi, India, 3BP Koirala Institute of Medical Sciences, 
Dharan, Nepal, 4Ministry of Health and Family Welfare, Dhaka, 
Bangladesh, 5Drugs for Neglected Diseases Initiative, Geneva, Switzerland, 
6World Health Organization, Geneva, Switzerland

A visceral leishmaniasis elimination campaign is underway in the Indian 
subcontinent. Early diagnosis and treatment are essential components of 
this initiative, but antimony has been lost to resistance in Bihar and Nepal. 
Miltefosine (MF) and Paromomycin (PM) are now available but might 
rapidly select for resistance if widely used on their own. Combining drugs, 
practice now for other infectious diseases, may provide mutual protection 
and prevent or delay parasite resistance. Also, shorter treatment duration 
may decrease costs incurred by patients and improve adherence to 
treatment. We assessed from a societal perspective the cost-effectiveness 
of 4 combination therapies (CTx): liposomal Amphotericin B (L-AmB) 
with MF, L-AmB with PM, MF with PM and antimonials and PM, and 5 
monotherapies: MF, PM, conventional Amphotericin B (AmB), L-AmB 
and antimonials. Effectiveness and probability values were derived from 
clinical trials (systematic review) and clinical experts (Delphi survey). We 
considered direct costs incurred by providers to deliver the intervention, 
and direct and indirect costs by patients and relatives to receive treatment. 
Sensitivity and threshold analysis was performed on all variables to analyze 
the effect of varying parameter values on the rank-ordering of strategies. 
Preliminary findings show that MF+PM is the most cost-effective CTx 

(US$77 per death averted) followed by PM (US$107 per death averted). All 
other strategies were dominated, except AmB but has a high incremental 
cost-effectiveness ratio. Results are sensitive to adherence to MF and 
the price of L-AmB. L-AmB+PM is the best combination therapy if the 
price of L-AmB falls to US$6,5/vial and adherence to MF is below 90%. 
Effectiveness of combination therapies is mainly affected by the adherence 
to treatment which is especially relevant for MF. In the base case analysis 
MF+PM is the best strategy from an economic point of view. However, in 
sensitivity analysis the low cost of MF+PM offsets decreases in efficacy to 
levels which may render this treatment unsuitable.

831
Look to the lesion: Systemic antimonial therapy 
does not cure early preulcerative American 
Cutaneous Leishmaniasis in Northeastern Brazil

Alon Unger1, Paulo R. Machado2, Luiz H. Guimarães2, Olivia 
Bacellar2, Albert Schreifer2, Marshall J. Glesby3, Edgar M. 
Carvalho2

1Departments of Medicine and Pediatrics, University of California, Los 
Angeles, Los Angeles, CA, United States, 2Serviço de Imunologia, Hospital 
Universitário Professor Edgard Santos, Universidade Federal da Bahia, 
Salvador, Brazil, 3Department of Medicine, Weill Cornell Medical College, 
New York City, NY, United States

Recent reports demonstrate markedly lower cure rates for early American 
Cutaneous Leishmaniasis (ACL) compared to classic ulcerative disease. 
Little is known about risk factors for clinical progression and therapeutic 
failure in early ACL. We evaluate clinical and immunological risk factors 
for the development of ulcerative disease and trea tment failure in early 
ACL caused by Leishmania braziliensis.This is a prospective cohort of 44 
patients enrolled between 2002 and 2006 with early nonulcerative ACL in 
an endemic area in Bahia, Brazil. Cases were 13-60 years of age with less 
than 30 days of ACL confirmed by intradermal skin test and/or culture. 
Patients with previous or non-cutaneous forms of leishmaniasis or chronic 
diseases were excluded. Peripheral blood was collected to measure levels 
of IFN-γ, TNF-α, IL-10 and IL-5. All participants were treated with antimony 
(20 mg/kg/day x 20 days). Outcomes were lesion activity and cure by 90 
days without recurrence. Early nonulcerative forms of ACL were plaques 
(46.3%), papules (46.3%) and nodules (3.3%). These were primarily single 
lesions (72.7%) and located on the lower extremity (67.4%). Treatment 
failure occurred in 59.1% of all patients; the majority of whom (57.7%) 
developed ulcerated lesions. Treatment failure was associated with 
younger age (p=0.05) and lesion ulceration (p<0.001) and was potentially 
associated with smaller leishmania skin test (LST) area (p=0.07), regional 
lymphadenopathy (p=0.06), and higher levels of TNF-α (p=0.06). There 
was no correlation with outcome and other cytokines or the size, location, 
type or number of primary lesions. Early treatment of ACL is associated 
with high rates of treatment failure. We demonstrate that lesion ulceration 
is the strongest predictor of treatment failure. Although important, 
markers of systemic inflammatory response appear less predictive of 
outcome in early ACL than in classic ulcerative disease. The study of local 
inflammatory responses may provide further evidence into mechanisms of 
lesion formation and therapeutic response to antimony therapy in early 
ACL.
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832
Efficacy of Miltefosine in the Treatment of 
American Cutaneous Leishmaniasis Caused by 
Leishmania braziliensis in Brazil

Paulo R.L. Machado1, Julia Ampuero1, Luiz Henrique S. 
Guimaraes1, Albert Schriefer1, Edgar M. Carvalho1, Sinésio Talhari2, 
Gerson O. Penna3

1Serviço de Imunologia, HUPES, Universidade Federal da Bahia, 
Salvador - BA, Brazil, 2Fundação de Medicina Tropical, Amazonas, Brazil, 
3Universidade de Brasília - Nucleo de Medicina Tropical, Brasília - DF, Brazil

Miltefosine has been used in the treatment of visceral leishmaniasis in 
India. Recently, miltefosine has been tested in New World cutaneous 
leishmaniasis (CL) and Old World CL. The cure rate from the studies in 
New World CL in Colombia and Guatemala ranged from 91% (Leishmania 
panamensis) to 33% (L. braziliensis). There are no data regarding 
miltefosine use in CL caused by L. braziliensis in Brazil. This is a phase 
II randomized trial with 90 CL patients from the endemic area of Corte 
de Pedra in Bahia, Brazil. Patients included presented 1 to 3 months of 
untreated CL, with 1 to 5 ulcerative lesions. Diagnosis was confirmed by a 
positive culture or polymerase chain reaction methods and by intradermal 
leishmania skin test. After randomization 30 participants were treated 
with parenteral meglumine antimoniate (20mg/kg/day x 20 days) and 60 
with miltefosine administered orally (2.5mg/kg/day x 28 days). Outcome 
measures were cure rate or complete cicatrization of the ulcer 2 and 6 
months after the end of the treatment. Cure rate at 2 months for the 
antimony group was 65% and for the miltefosine group 75%. The final 
cure rate at 6 months was 58% in the animony group and 62% in the 
miltefosine arm. Intent to treat analysis showed no difference regarding 
the primary and final cure rate in both groups. Adverse events occurred 
in 80% of antimony patients compared to 77% in miltefosine patients. In 
the antimony group the most common side effects were headache (43%), 
fever (23%), arthralgia (22%) and mialgia (22%). In the miltefosine group, 
vomiting and nausea (39%), headache (29%) and dizziness (13%). CL 
caused by L. braziliensis in Brazil has a similar cure rate when treated 
with antimony or miltefosine. Considering that the oral administration 
of miltefosine is an advantage compared with the parenteral route used 
for antimony standard treatment in the rural area, our data suggests 
that miltefosine may be considered for the treatment of CL caused by L. 
braziliensis in Brazil.

833
Evaluation of compounds for Cutaneous 
Leishmanial activity in BALB/c mice infected with 
Leishmania major

Arba Ager1, Bill Ellis2, Bill Ellis2, Juan Mendez2, Alan Magill2, 
Richard Boodoo1, Jenbon Lui1, Max Grogl2
1University of Miami, Miami, FL, United States, 2Walter Reed Army Institute 
of Research, Silver Spring, MD, United States

Cutaneous leishmaniasis (CL) is probably the most neglected disease of 
all the neglected diseases; a new case of CL happens every 4 seconds. 
In the United States CL is treated with IV Pentostam (SbV) under IND or 
Ambisome off-label. A FDA approved topical or oral drug that is safe and 
easy to use is urgently needed. For this reason, two Cutaneous models 
of Leishmania major in BALB/c mice are being used to evaluate chemicals 
for antileishmanial activity as part of the US Army. In one model, the 
metacyclic forms are injected into the footpads (FP) of mice. In the other 
model they are injected intradermally in the skin at the base of the tail 
(BT). Test chemicals are administered starting on the 3rd day after infection 
for 14 days. Lesions are measured weekly for 4 weeks and expressed as 
a mean effect of the chemical on footpad thickness or skin lesion size 
in relation to control infected non-treated mice. AmBisome is used as a 
positive control. The chemicals are administered either intraperitoneally 
(IP) or orally (PO) in the footpad test and either IP, SC, transdermally 
(TD), or PO in the tail base test. Antibiotics, antifungal compounds and 

8-aminoquinolines have been evaluated. The most active chemical entities 
and classes will be presented and discussed.

834
A new pediatric tablet strength of benznidazole 
for the treatment of Chagas disease

Dianne J. Terlouw1, Fabiana P. Alves2, Sergio Sosa-Estani3, Hector 
Freilij4, Jaime Altcheh4, Laurent Brutus5, Jean-René Kiechel2, 
Isabela Ribeiro2

1Liverpool School of Tropical Medicine (LSTM), Liverpool, United Kingdom, 
2Drugs for Neglected Diseases initiative (DNDi), Geneva, Switzerland, 
3Centro Nacional de Diagnóstico e Investigación de Endemo-epidemias 
(CeNDIE) ANLIS Dr. Carlos G. Malbrán, Ministry of Health, Buenos Aires, 
Argentina, 4Hospital de Niños Ricardo Gutierrez, Buenos Aires, Argentina, 
5IRD-UR010 Santé de la mère et de l’enfant en milieu tropical, Université 
Paris Descartes, Paris, France

Successful Chagas vector control substantially reduced vector-borne 
transmission as well as new childhood infections in Latin America in 
the 1990s. Congenital T. cruzi infections have become a key route of 
transmission and control issue, as vertical transmission remains relatively 
unaffected by progress in vector control. The main drug for acute 
Chagas disease, benznidazole (Bz), is only available as an ‘adult’ tablet 
formulation, and a pediatric formulation is urgently needed. Bz dose 
recommendations, dosing practices and patient age and weight profiles 
were reviewed from 10 centers involved in the treatment of children 
with T. cruzi infections. The priority pediatric target patient population, 
therapeutic dose range and identified programmatic needs were used to 
guide a pragmatic decision-making process to determine an appropriate 
pediatric tablet formulation, strength and associated dosing regimen. In 
absence of pediatric pharmacokinetic studies, but based on substantial 
clinical experience, 5-10mg/kg/day Bz split over two doses was considered 
the appropriate therapeutic intake dose range in children <12 years. 
Data from 2424 patient records, over 99% from children <18 years and 
317 infants, highlighted the challenge for accurate dosing in infants as 
compared with older children. Prioritizing treatment of congenital Chagas, 
a dispersible tablet of 12.5mg is proposed to complement the available 
100mg tablet and improve dosing accuracy in newborn infants most at 
risk of over and under-dosing. Use of the proposed pediatric tablet (p) 
would focus on children <10 kg and consist of 1p tablet (12.5mg) for 2.5-
5kg, and 2p (25mg) for 5-10kg per intake dose. In conclusion, a pragmatic 
review and decision-making process helped to determine an appropriate 
pediatric tablet strength of Bz, for development as a dispersible tablet by 
DNDi in partnership with LAFEPE. Such work will help to improve dosing 
accuracy for infants, an increasingly important patient group.

835
Evaluation of new tests for early diagnosis of 
visceral leishmaniasis and its complications at the 
‘point-of-care’

Kazi M. Jamil1, Abu Toha Bhuiyan1, Gulam M. Khan1, 
Mohammad S. Alam1, Rashidul Haque1, Makoto Itoh2, Eisei Noiri3, 
Stephen P. Luby1

1International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh, 2Aichi Medical University, Nagakute, Aichi-ken, Japan, 
3University of Tokyo, Tokyo, Japan

Bangladesh is one of the endemic countries for visceral leishmaniasis (VL) 
with reported incidence of 10,000 cases annually with 20 million people 
considered to be at risk for VL. We conducted a clinical study to assess 
the cure rate in 200 VL patients treated with 28 intramuscular injections 
of sodium stibogluconate (20 mg/kg body wt given once daily). The 
diagnosis of VL in all the subjects with clinical features of the disease was 
confirmed by splenic aspiration followed by parasitological examination. 
We evaluated several diagnostic tests for VL including PCR and Loop-
Mediated Isothermal Amplification (LAMP) in blood, KATEX and another 
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novel urine test for detection of anti-rKRP42 in these patients. Preliminary 
results showed a sensitivity of 90.6% and specificity of 100% for PCR in 
blood. Sensitivity and specificity of KATEX in urine varied in fresh vs. frozen 
samples, and the values were 88.2% and 90.2% respectively, for fresh 
samples versus 64.8% and 90.2% respectively, in frozen samples thawed 
before the assay. Data on other tests are being analyzed for presentation 
at the meeting.

836
Reversed Amidines as Anti Leishmanial Agents: In 
Vivo Evaluation of Candidate Compounds against 
Visceral Leishmaniasis in Hamster Model

Anuradha Srivastava, Brian Vesely, Dennis E. Kyle
University of South Florida, Tampa, FL, United States

Currently available anti-leishmanial agents are few and have limitations 
with regard to efficacy, toxicity and development of resistance. 
Identification and development of newer leismaniacidal drugs need 
prioritization. We report promising in vivo activity of reversed amidines, 
DB745 and DB766 in L. donovani infected hamsters. The Hanson model 
of L. donovani infected hamsters was used to evaluate the efficacy of 
compounds. DB745 and DB766 were selected for in vivo experiment after 
assessing their antileishmanial activity against intracellular parasites using 
a new transgenic L. donovani with β-lactamase reporter gene developed 
in our laboratory. Syrian golden hamsters were used for the experiment 
which is a 11 day protocol, with day 1 as day of infection. Drugs are 
administered for 5 days from day 4, animals were sacrificed on day 11. 
Miltefosine was used as standard drug control besides vehicle control.
Three doses were used for DB745 viz. 10, 30 and 50 mg/kg and four dose 
groups were used for DB766 viz. 10, 30, 50 and 100mg/kg. An additional 
experiment was done with DB766 -50 and 100 mg/kg in chronic model, 
sacrifice being done on day 39 to see if there was any delayed effect of 
the compound. Hamsters were intracardially inoculated with late-stage 
metacyclic promastigotes.Test compounds were administered orally, 
except for DB745, and where an extra group was administered 10mg/kg 
of the drug ip. After sacrifice, a part of liver tissue was used to prepare 
impression smears. Serial dilution culture assay and real time PCR were 
also employed to determine parasite load. DB745 was remarkably active 
at all the three doses. IP dose showed better PD results. Probable CNS 
toxicity is observed at the highest dose. Excellent activity was obtained 
in all the treatment groups of DB766 including chronic model. DB766 
was well tolerated by hamsters. In conclusion, the hamster model has 
been validated and established for testing of potential anti leishmanial 
compounds in our lab. All the three methods -LDU, serial dilution and PCR 
show comparable results. The data also confirms the bioavailiblity of the 
compounds. Promising activity of reverse amidines has opened doors to 
use existing reversed amidines or fine tune the leads to improve efficacy 
and design new more potent analogues as anti leishmanial agents.

837
Histopathologic studies in different strains of semi 
immune mice infected with PbANKA after chronic 
exposure

Gideon K. Helegbe, Tetsuo Yanagi, Masachika Senba, Nguyen T. 
Huy, Mohammed N. Shuaibu, Akiko Yamazaki, Mihoko Kikuchi, 
Michio Yasunami, Kenji Hirayama
Institute of Tropical Medicine (NEKKEN), Nagasaki University, Nagasaki, 
Japan

Due to repeated Plasmodium infections of individuals in holo-endemic 
areas, adults develop some form of immunity to malaria infection 
and seldom succumb to the severe forms of malaria such as cerebral 
malaria (CM) and severe malaria anaemia (SMA). Interestingly variation 
in responses has also been noted. A recent study has characterized CM 
in naïve rodent infections but no such characterization is reported in 
SMA model of the semi-immune. Here we describe a histopathological 

study of some vital organs that plays a crucial role in the SMA model of 
different strains (Balb/c, B6, NZW and CBA) of semi immune mice. This 
model may explain the possible immunity or susceptibility by each semi 
immune mice strain to the malaria infection, which may mirror similar 
observations of adults in holo-endemic areas. Parasitaemia was highest in 
NZW, consequently sequestration was observed in the brain, heart and not 
in the other strains. Malaria pigment deposition was highest in the spleen, 
liver, kidney of NZW and low in the other strains. Reticulocyte count 
was highest in Balb/c (which had high%Hb loss) and minimal in NZW, 
p=0.0014. This pathology study in the SMA model will be helpful in taking 
into account different responses to malaria infection when designing 
therapeutic interventions and vaccine studies.

838
Analysis of Plasmodium infection in cultured 
erythropoietic cells

Tetsuya Furuya1, Maki Touma2, Kenkichi Sugimoto2, Wu Ma1, 
Timothy Stedman1

1American Type Culture Collection, Manassas, VA, United States, 2Niigata 
University, Niigata, Japan

Among Plasmodium species that infect humans, P. vivax is the most 
widespread in the world. P. vivax infection causes severe illness and 
significant economic harm in endemic countries. Unlike P. falciparum, 
blood stage P. vivax parasites exclusively infect reticulocytes (immature 
red blood cells) which constitute only a small percentage of human adult 
blood cells, and there is currently no convenient culture system for the 
parasite. Recently, the use of cultured erythropoietic cells (cEPCs) produced 
from hematopoietic stem cells (HSCs) from human cord blood to maintain 
P. vivax in vitro was reported. However, the system has not been widely 
adapted, partly due to its limited availability and technical complexity. 
Previously, we reported an improvement in the cEPCs production system 
by using a mouse stromal cell line that enhances percentage and duration 
of its reticulocyte production. Here, as part of an effort to develop a 
more convenient P. vivax culture system, we set up a quantitative assay 
that measures the extent of replication of P. falciparum in the cEPCs. By 
using quantitative PCR of the parasite DNA we determined stages of 
differentiation optimal for supporting parasite replication. Under static 
culture conditions, P. falciparum replication was supported in cEPCs 
from day 9 culture, which contains erythroblasts but not detectable 
reticulocytes. Co-culture with a mouse stromal cell line and agitation 
during the incubation also enhanced replication of the parasite. The 
enhancement in reticulocyte production in cEPCs and use of P. falciparum 
as a proof of concept platform within the newly developed assay system 
will help development of the P. vivax in vitro culture system by optimizing 
production of invasion-competent host cells and fine-tuning cEPCs 
production. Assays for parasite invasion and replication using P. vivax 
isolated from animal models of infection are planned.

839
European Concerted Research Action on life or 
death of protozoan parasites

Stephane Picot1, Sue Welburn2

1Malaria Research Unit, University Lyon 1, Lyon, France, 2College of 
Medicine and Veterinary Medicine, Edinburgh, United Kingdom

Protozoan parasites play a central role in the field of human and animal 
health causing devastating diseases such as malaria and sleeping sickness. 
Given the rapid development of drug resistance in these organisms 
it is crucial that the development of novel drugs or vaccines is based 
on a detailed understanding of parasite/host biology and interaction. 
Programmed cell death (PCD), is a keystone of the life or death decision 
in cells of multicellular organisms and in their interactions with parasites. 
Evidence is rapidly growing for an important role of PCD in the life 
history of a range of protozoans, albeit involving molecular mechanisms 
and functions that may be unique to these parasites. Several European 
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groups are at the forefront of the rapid growth of research devoted to 
various aspects of PCD-like processes in a range of protozoan parasites. 
Networking these teams created a focus for this work and accelerated 
the European impetus. Interactions will lead to greater dissemination of 
information on PCD mechanisms, markers and evolutionary concepts. 
Thereby providing the potential to develop new tools and leading to 
breakthroughs in the processes involved in PCD, and thus to significant 
progress in the development of novel treatments. Such cooperation and 
interaction are essential because a plethora of morphological markers and 
terminology associated with the process of PCD exist, leading to conflicts 
regarding the nature of death / survival processes in unicellular versus 
multicellular organisms. Consensus on methods, markers and terminology 
must be resolved for this field to progress. Furthermore, a concerted 
action will enable scientists to strengthen their leading position in this 
highly attractive field of research and open it up to non-European research 
groups. This COST action is open for international collaborations and 
colleagues from lab. and from endemic field areas are wellcomed.

840
Fluorescence multiplexing imaging for studying 
protein trafficking in Plasmodium falciparum  
infected human erythrocytes using tetracysteine-
tagged knob-associated proteins

Georgeta Crivat1, Juliana Martha Sa2, Jeeseong Hwang1, Fuyuki 
Tokumasu2, Thomas E. Wellems2

1NIH/NIST, Rockville, MD, United States, 2NIH/National Institute of Allergy 
and Infectious Diseases, Rockville, MD, United States

In the intraerythrocytic phase of Plasmodium falciparum (Pf), the 
parasite exports proteins into the erythrocyte cytoplasm and to the 
plasma membrane forming “knobby” protrusions. These knobs contain 
knob-associated histidine-rich protein (KAHRP) which interacts with 
Pf erythrocyte membrane protein 1 and 3 (PfEMP). Formation of knob 
structures is believed to induce a strong cytoadherence of Pfs infected 
erythrocytes to endothelial cell receptors such as CD36, ICAM, and CSA, 
in the wall of capillary blood vessels and subsequently microvascular 
sequestration of infected cells, which thus escape elimination by spleen. 
Although some hypotheses for protein trafficking mechanisms and knobs 
formation were proposed, dynamic imaging with a higher spatial and 
temporal resolution is required for a better understanding of mechanisms 
of knob formation. Common strategies to study protein trafficking often 
involve green fluorescent protein (GFP) fused to target proteins. However, 
the protein trafficking may be obscured by the failure of delivering 
GFP- fusion proteins to the target sites or diffusion rate could be limited 
by the large size of GFP (27 kD; 238 amino acids) and the perturbation 
of the conformation of the protein of interest. To improve the study of 
protein trafficking in P. falciparum, we replaced GFP with 6 aminoacids 
receptor domain tetracysteine (TC) in a total 20 residues moiety (2.2kD) 
which can interact with organoarsenical ligands FlAsH-EDT2 and ReAsH-
EDT2. Here we report on our success in engineering KAHRP-GFP-TC 
(control) and KAHRP-TC constructs and describes details of experimental 
strategies to prepare the TC transgenic parasites. TC-tagged transgenic 
parasites enabled pulse chase labelling of continuously expressed proteins. 
We successfully identified different distribution of trafficked proteins 
synthesised at different times.

841
Metabolomic analysis of the malaria parasite 
Plasmodium falciparum

Viswanathan Lakshmanan1, Kyu Rhee2, Johanna Daily1

1Albert Einstein College of Medicine, Bronx, NY, United States, 2Weill 
Cornell Medical College, New York, NY, United States

Malaria caused by Plasmodium falciparum is one of the most devastating 
tropical diseases. Annually there are over 500 million infections and over 
2 million deaths worldwide. The problem is further compounded by 

drug resistance to many classes of antimalarials and the unavailability of 
an effective vaccine. Our efforts to further explore P. falciparum biology 
and discover unique drug targets have enabled us to identify three 
distinct in vivo transcriptional states reflective of novel parasite biology. 
To understand the functional relevance of these distinct states we are 
undertaking a large-scale metabolic analysis of the parasite using the 
accurate-mass time-of-flight mass spectrometry approach. The advantage 
of this approach is the ability to perform an unsupervised identification of 
known and novel metabolites that vary during the parasite’s life cycle. A 
combination of metabolic analysis and transcriptional profiling will further 
enrich our understanding of the basic biology of the parasite. In addition 
to presenting the analysis of the metabolic profiles of parasites under 
standard in vitro conditions, we will present the results of the parasite’s 
response to different in vitro metabolic and stress conditions. Our ultimate 
goal is to use this combinatorial approach to parasites isolated directly 
from patient samples, which will provide the most accurate profiling of the 
physiological state of the parasite in the host, and will better inform our 
efforts towards disease models and drug and vaccine development.

842
Disruption of lipoylation in the Plasmodium 
falciparum mitochondrion and apicoplast is 
lethal

Maroya D. Spalding, Sean T. Prigge
Johns Hopkins School of Public Health, Baltimore, MD, United States

Lipoate is a highly conserved cofactor that is covalently bound to four 
metabolic enzyme complexes. These four complexes are encoded in 
the Plasmodium falciparum genome and are expressed by blood stage 
parasites. Lipoate metabolism in P. falciparum differs from most other 
organisms in that the lipoylated complexes and lipoylation mechanisms 
are segregated by organelle. One lipoylated complex, pyruvate 
dehydrogenase (PDH), has been localized to the apicoplast organelle and 
is lipoylated exclusively through lipoate synthesis. The three remaining 
complexes, α-ketoglutarate dehydrogenase (KDH), branched chain 
α-ketoacid dehydrogenase (BKDH), and the glycine cleavage complex, 
reside in the mitochondrion, where they are lipoylated through a 
scavenging mechanism. To address whether lipoate synthesis and lipoate 
scavenging are essential to parasite survival, we used the unique bacterial 
enzyme lipoamidase (Lpa) to disrupt lipoylation in the apicoplast and 
mitochondrion. Lpa cleaves lipoate from lipoylated complexes, producing 
their inactive, apo forms. We used site-specific chromosomal integration 
mediated by mycobacteriophage Bxb1 integrase in the P. falciparum 
dd2attB strain, as reported previously, to generate cell lines containing an 
integrated lipoamidase gene. In order to express Lpa in the apicoplast or 
mitochondrion, the lipoamidase gene was appended with amino terminal 
targeting peptides. Active Lpa expressed in the cytoplasm did not affect 
parasite growth or lipoylation; however, four attempts to generate cell 
lines expressing active Lpa in the apicoplast and seven attempts to express 
active Lpa in the mitochondrion were unsuccessful. By comparison, we 
consistently generated cell lines expressing inactive lipoamidase in the 
three subcellular compartments of interest. These results indicate that no 
essential lipoylation occurs in the cytosol and suggest that lipoylation in 
the apicoplast and mitochondrion may be essential to parasite survival.

843
Nitric oxide protection against cerebral malaria 
in mice is associated with improved cerebral 
microcirculatory physiology

Pedro Cabrales, Graziela M. Zanini, Diana Meays, John Frangos, 
Leonardo J. Carvalho
La Jolla Bioengineering Institute, La Jolla, CA, United States

Cerebral malaria (CM) is a major complication of Plasmodium falciparum 
infections, claiming the lives of 1-2 million children every year. In mice 
infected by Plasmodium berghei ANKA (PbA), the low bioavailability of 
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nitric oxide (NO) has been shown to be associated with CM pathogenesis, 
and exogenous NO protects against the development of the syndrome. 
The mechanisms by which NO protects against CM are unclear, but it may 
be related to its participation in several processes in vascular physiology. 
The aim of this study was to determine which of the microcirculatory 
complications that occur during CM are ameliorated by exogenous 
NO. Methods: mice infected with PbA were treated with the NO-donor 
compound DPTA-NO or with saline. NO bioavailability was checked by 
analysis of plasma nitrite/nitrate and exhaled NO levels. At the time of 
CM development, blood was collected and the arterial and venous gases 
profiles and pH were evaluated in a blood chemistry analyzer. The number 
and location of hemorrhages in the brain was evaluated by histological 
examination of serial sections. The dynamic cerebral blood flow and 
leukocyte migration were measured by intravital microscopy of pial vessels 
in mice with a surgically implanted cranial window. Results: CM incidence 
in saline-treated mice was 90% against 20% in the DPTA-NO-treated 
group. DPTA-NO-treated mice increased levels of plasma nitrite/nitrate and 
of exhaled NO. Saline-treated mice with CM presented a high number 
of hemorrhages in the brain, particularly in the frontal lobe and olfactory 
bulb, which were dramatically reduced by DPTA-NO administration. Saline-
treated but not DPTA-NO-treated mice showed high arterial and venular 
pCO2 and low pH, suggesting a state of respiratory acidosis during CM. 
At the time of CM development, arteriolar and venular blood flows were 
sharply reduced in saline-treated mice. DPTA-NO-treated mice presented 
significantly higher pial blood flow as compared to saline-treated mice. 
DPTA-NO treatment also caused a marked decrease in the number of 
adherent and rolling leukocytes in pial vessels. Conclusions: NO protects 
against CM development and this effect is associated with improvements 
in microcirculatory (increased blood flow) and respiratory (restoration 
of blood pCO2 and pH levels) physiology and with decreased vascular 
pathology (protection against cerebral hemorrhages and inflammation).

844
Association of nitric oxide with heme in 
Plasmodium falciparum food vacuoles

Graciela R. Ostera1, Gudrun Lukat-Rodgers2, Fuyuki Tokumasu1, 
Sanjai Kumar3, Kenton Rodgers2

1National Institutes of Health, Rockville, MD, United States, 2North Dakota 
State University, Fargo, ND, United States, 3Center for Biologics Evaluation 
and Research, FDA, Rockville, MD, United States

Recent work by the authors has revealed that nitric oxide (NO) is produced 
in the food vacuole of Plasmodium falciparum (PfFv) parasites both at 
the trophozoite and gametocyte stage. Accordingly, nitrated tyrosine, 
indicative of the local generation of reactive nitrogen species (RNS), has 
been identified in association with the PfFv. While the mechanistic details 
of NO biosynthesis in the PfFv remain to be elucidated, evidence of a role 
for a putative NADH-cytochrome b5 reductase and a cytochrome b5, coded 
in PF13_0353 and PFL1555w respectively, is emerging from this work. 
Interestingly, both these protein products are expressed in the PfFv. Given 
the many roles of heme nitrosyl complexes in biology and the concurrent 
presence of heme, NO and/or NO-derived RNS in this organelle, we 
have undertaken resonance Raman experiments to probe the possible 
association of endogenous NO with heme in the PfFv. Current evidence 
shows that NO generated in situ from sodium nitrite (NaNO2) and sodium 
dithionite reacts with hemozoin contained in a purified food vacuole 
preparation to yield nitrosyl heme, according to the signature signal 
detected using high and low frequency resonance Raman spectroscopy. 
It was observed that the NO generated in situ did not disrupt the food 
vacuole and the resulting heme nitrosyl complex remained within the 
vacuolar membrane. Biochemical and biophysical evidence that speaks 
to the physiological relevance of NO chemistry at the site of hemoglobin 
degradation, heme detoxification and antimalarial drug action will be 
presented and discussed.

845
Relationships between hemoglobin/red blood cell 
polymorphisms and hemoglobin levels in Mali

Seidina A. S. Diakité1, Saibou Doumbia1, Tatiana M. Lopera-
Mesa2, Karim Traoré1, Drissa Konaté1, Mory Doumbia1, Michael 
A. Krause2, Ababacar Diouf2, Maria Cecilia Huaman2, Jennifer 
M. Anderson2, Seydou Doumbia1, Carole A. Long2, Mahamadou 
Diakité1, Rick M. Fairhurst2

1Malaria Research and Training Center, Bamako, Mali, 2Laboratory of 
Malaria and Vector Research, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Rockville, MD, United States

Hemoglobin (Hb) and red blood cell (RBC) polymorphisms, including 
HbC, HbS, α-thalassemia, hemizygous G6PD deficiency, and type O 
blood group, protect against severe Plasmodium falciparum malaria in 
Africa. Malaria-associated anemia is multifactorial and in part is due to 
destruction of non-parasitized RBC. We hypothesized that RBCs under 
oxidative stress (e.g., G6PD deficiency) might produce a greater degree 
of anemia during a malaria episode than normal RBC, since the former 
would be more prone to physiological mechanisms that normally remove 
senescent RBCs. To test this hypothesis, we first determined whether 
baseline Hb levels differ between healthy Malian children prior to the 
annual malaria transmission season. In May 2008, we conducted a survey 
in 3 Malian villages (Bozokin, Fourda and Kenieroba) located within 3 km 
of the Niger River. We obtained a finger prick blood sample from 1244 
children aged 6 months to 17 years and determined their Hb type (HPLC) 
and Hb level (Hemocue®), and whether the 3.7-kb deletional determinant 
of α-thalassemia and the mutational determinant of the A- form of 
G6PD deficiency were present (PCR). We defined anemia as Hb <11g/dL. 
The prevalence of anemia varied significantly (P=0.02) among villages: 
51%, 33%, and 38% in Bozokin, Fourda, and Kenieroba, respectively 
Prevalence of anemia also differed significantly between children with 
normal α-globin (36%) and those with heterozygous (45%, P=0.04) or 
homozygous (58%, P=0.004) α-thalassemia. Anemia prevalence did not 
differ significantly between G6PD-normal and G6PD-deficient children or 
between children with HbA and children with HbS or HbC-trait. However, 
88% (7/8) of HbSC children were anemic. Overall, anemia was markedly 
higher in Bozokin, where perennial transmission has been reported. 
Α-thalassemia is common in Mali and is a significant determinant of 
baseline Hb level. This Hb trait should therefore be identified and analyzed 
as a covariate in studies of malaria-associated anemia in Mali and 
elsewhere in Africa.

846
Elevated TNF receptor 2 is an indicator of placental 
malaria but levels did not correlate with malaria-
associated low birth weight babies

Audrey D. Thévenon1, Rose G. Leke and the team at the 
Biotechnology Center2, Diane Wallace Taylor1

1Georgetown University, Washington, DC, United States, 2University of 
Yaoundé 1, Yaoundé, Cameroon

Plasmodium falciparum infections in pregnant women increase the risk 
of delivering low birth weight (LBW) babies, who will experience health 
complications during their first year of life. Many studies have described 
mechanisms leading to the sequestration of infected erythrocytes within 
the placenta and the resulting stimulation of pro-inflammatory mediators, 
but few studies have focused on mechanisms the placenta may use to 
protect itself from inflammation, e.g., deleterious effects of TNF. Two 
distinct surface receptors, TNFR1 and 2, are differentially expressed on 
placental tissue and contribute to successful pregnancies. The receptors 
also modulate the effect of TNF since they are released by shedding; a 
process where the extracellular portion of the receptor is cleaved in order 
to neutralize TNF. Receptor shedding results in lower expression of TNFRs 
1 and 2 on the surface of placental cells and may be a mechanism where 
by the placenta protects itself from excessive TNF levels during malarial 
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infection. In this study, we measured the levels of soluble TNFR1 and 2 in 
pregnant women infected with malaria during pregnancy and correlated 
the results with birth outcomes. Results showed that both TNFRs were 
significantly increased in the peripheral blood of pregnant women 
when they were infected with malaria compared to when they were not 
(p<0.0001, Mann-Whitney test) and that receptor levels were positively 
correlated with parasitemia (r2=0.66, p<0.0001 and r2=0.23, p=0.002 for 
TNFR1 and 2, respectively). Interestingly, plasma levels of TNFR2 at delivery 
were increased in the peripheral blood of women who were blood-smear 
negative but had placenta malaria (p=0.0017, Mann-Whitney test). While 
TNFR1 and 2 levels in placental blood were associated with low birth 
weight babies (p=0.02 and p=0.003, respectively, Mann-Whitney test), the 
increase was independent of malaria infection. In conclusion, TNFR2 levels 
can be considered as an indicator of placental malaria infection but higher 
levels of neither receptors were associated with protection against LBW 
babies.

847
Merozoite Surface Protein 2 has a potential role 
in the attachment of Plasmodium falciparum 
merozoites to erythrocytes during invasion 

Jesse L. Schloegel1, Christopher G. Adda2, Fiona Durand2, Vince 
J. Murphy2, Kleo Vingas3, Giuseppe D. Ciccotosto4, Roberto 
Cappai4, Barnham J. Kevin4, Michael Foley2, Robin F. Anders2

1University of South Florida, Tampa, FL, United States, 2Latrobe University, 
Victoria, Australia, 3CRC for Vaccine Technology, Victoria, Australia, 
4Department of Pathology, University of Melbourne and Mental Health 
Research Institute, Victoria, Australia

Merozoite surface protein 2 (PfMSP2) is being assessed as a component 
of a vaccine designed to protect against disease caused by the malaria 
parasite Plasmodium falciparum. The PfMSP2 gene sequence predicts 
an approximately 26 kDa antigen, which is anchored to the merozoite 
surface by a glycosyl-phosphatidyl-inositol moiety. PfMSP2 is an 
intrinsically unstructured protein, which has recently been shown to 
form ordered oligomeric species, which possess many characteristics of 
amyloid fibrils. Here we demonstrate that polymeric but not monomeric 
recombinant MSP2 binds to human erythrocytes. The interaction between 
MSP2 and the erythrocyte surface is reduced upon treating the cells 
with trypsin, chymotrypsin, and heparatinase I, a finding consistent 
with the involvement of a heparan sulphate-containing proteoglycan 
on the erythrocyte surface. In contrast, treatment of erythrocytes with 
neuraminidase slightly improved MSP2 binding. The interaction between 
polymeric MSP2 and erythrocytes is similar to the interaction between 
Abeta 42 amyloid and erythrocytes. These results raise the possibility that 
oligomeric complexes of MSP2 related to amyloid fibrils on the merozoite 
surface, may facilitate merozoite attachment prior to invasion of the host 
erythrocytes.

848
Modification of CD47 levels on Plasmodium 
falciparum-infected erythrocytes

Kodjo Ayi1, Constance Finney1, W Conrad Liles2, Kevin K. Kain2

1Tropical Disease Unit, Sandra A. Rotman Laboratories, McLaughlin-
Rotman Centre for Global Health, Toronto General Hospital-UHN, Toronto, 
ON, Canada, 2Tropical Disease Unit, Sandra A. Rotman Laboratories, 
McLaughlin-Rotman Centre for Global Health, Toronto General Hospital-
UHN, McLaughlin Centre for Molecular Medicine; Institute of Medical 
Sciences, Department of Medicine, University of Toronto, Toronto, ON, 
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Macrophage clearance of senescent red blood cells (RBCs) and apoptotic 
cells has been shown to be dependent upon CD47 expression on 
the target cell membrane. CD47 engagement by macrophage SIRPα 
inhibits phagocytic activity and protects RBC from erythrophagocytosis. 
Conversely, decreased levels of CD47 expression are associated with 

an “eat me” signal and increased macrophage clearance. Non-
opsonized Plasmodium falciparum-parasitized RBCs are phagocytosed 
by macrophages but CD47 expression on malaria infected RBCs has not 
been well studied. Based on the hypothesis that P. falciparum may modify 
RBC expression of phagocytic signals such as CD47, here we report, using 
enzyme immunoassay and flow cytometric assays, that CD47 expression 
is decreased on falciparum-parasitized RBCs [median (interquartile range), 
0.267( 0.14-0.325) OD450] versus uninfected RBCs [0.538 (0.387-0.567) 
OD450]; Mann-Whitney test, P < 0.001. These results indicate a potential 
role for modulation of CD47 in macrophage clearance of malaria-infected 
erythrocytes.

849
Serum but not cerebrospinal fluid endothelin-1 
levels in children with cerebral malaria are 
associated with neurologic deficits

Gregory S. Park1, Kathleen Ireland1, Robert O. Opoka2, Michael J. 
Boivin3, Chandy C. John1

1University of Minnesota, Minneapolis, MN, United States, 2Makerere 
University, Kampala, Uganda, 3Michigan State University, East Lansing, MI, 
United States

Activated endothelial cells may play a role in the pathogenesis of cerebral 
malaria (CM). Endothelial cells release endothelin-1 (ET-1), a potent 
vasoconstrictor that may also increase permeability of the blood brain 
barrier. ET-1 is also produced by neurons, and endothelins have been 
implicated in neurological development. To examine the role of systemic 
and central nervous system ET-1 in CM, serum and cerebrospinal fluid 
(CSF) ET-1 levels were measured in children with CM and comparator 
children. Median [interquartile range] levels in pg/ml are reported. Children 
with CM had lower serum levels of ET-1 (0.68 [1.07]) than children with 
uncomplicated malaria (1.0 [2.18], P=0.02) or community children (1.12 
[1.51], P=0.07). In contrast, children with CM had higher CSF ET-1 levels 
than 8 North American control children, though levels in both groups were 
low (CM, 0.27 [0.17] vs. control 0.10 [0.13], P<0.0001). Serum and CSF 
ET-1 levels were then compared to neurologic and cognitive outcomes in 
children with CM. Higher levels of serum ET-1 were seen in children with 
as compared to without neurological deficits at discharge (1.74 [1.16] vs. 
0.52 [0.77], P=0.002) and three months after discharge (1.92 [1.84] vs. 
0.67 [1.11], P=0.04). CST ET-1 did not correlate with neurologic deficits, 
and neither CSF nor serum ET-1 correlated with cognitive impairment. 
In children with CM, increased levels of serum but not CSF ET-1 are 
associated with neurologic deficits.

850
Comparative efficacy and safetyof 
dihydroartemisinin plus amodiaquine or 
sulfadoxine -pyrimethamine in th e treatment 
of acute uncomplicated falciparum malaria in 
Nigerian children 

George O. Ademowo1, Catherine O. Falade1, H. Dada-
Adegbola2, Oluwatoyin Ogunkunle3

1Institute for Advanced Medical Research and Training, College of 
Medicine, University of Ibadan, Ibadan, Nigeria, 2College of Medicine, 
Ibadan, Nigeria, 3Department of Paediatrics, College of Medicine, 
University of Ibadan, Ibadan, Nigeria

Artemisinin Combination Therapy (ACT) is the drug of choice for the 
treatment of acute uncomplicated malaria in endemic countries where 
drug resistance is rampant. We investigated the relative efficacy and 
safety of dihydroartemisinin plus amodiaquine (DAQ) or sulfadoxine 
-pyrimethamine (DSP) in the treatment of acute uncomplicated falciparum 
malaria. Children aged 6 months - 12 years with malaria parasite density 
≥1000 µL of blood were recruited from the Outpatient Clinic of the 
University College Hospital, Ibadan, Nigeria. The patients were randomly 
administered standard doses of DAQ or DSP for 3 days. All patients 
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were clinically examined from Day 0 - 3, then on Days 7,14, 21, 28 and 
42. Thick and thin blood films were prepared from finger prick on each 
visit for malaria parasite quantification and prevalence of gametocytes. 
Blood spots were taken on filter paper for PCR to distinguish between 
re-infection and recrudescence. Fever and parasite clearance times were 
evaluated in both groups. Haematocrit and blood chemistry were done 
Adverse events were recorded for each patient. A total of 108 patients (55 
DAQ and 53 DSP) were enrolled. Baseline characteristics were comparable 
between the 2 groups. Fever clearance time (FCT) was significantly shorter 
among DAQ than DSP group (1.03±1.17 versus 1.22 ± 0.58 days) while 
parasite clearance time (PCT) was similar in both groups (1.78 ± 0.69 
versus 1.69 ± 0.58 days). Haematocrit by day 7 was significantly higher 
in the DAQ than DSP (31.7± 4.73 versus 28.84 ± 4.51%). Haematocrit 
normalized by day 28 in all patients. There was no significant difference 
in gametocyte prevalence between the groups and no adverse event of 
note in both groups. In conclusion, both DAQ and DSP are efficacious 
and safe. DAQ has shorter fever clearance time and faster restoration 
of haematocrit than DSP. Amodiaquine therefore appears to be a more 
suitable companion drug to dihydroartemisinin.

851
An open randomized clinical trial in comparing 
two artesunate-based combination treatments 
[artesunate/sulfamethoxypyrazine/pyrimethamine 
(fixed dose over 24 hours) and artesunate/
amodiaquine (fixed dose over 48 hours)] on 
Plasmodium falciparum malaria in Nigerian 
children

Adejumoke I. Ayede1, Adegoke G. Falade1, Akintunde Sowumi2, 
Herwig Jansen3

1Department of Pediatrics, College of Medicine, University of Ibadan, 
Ibadan, Nigeria, 2Institute of Advanced Medical Research and Training, 
College of Medicine, University of Ibadan, Ibadan, Nigeria, 3Dafra Pharma, 
Slachuistraat, Belgium

Patient compliance, tolerance, easiness of administration and efficacy 
remain key issues for an ideal antimalaria drug. Recently developed 
fixed dose (FDC) Artemisinin combination therapies (ACT’s) offer new 
opportunities. We evaluated the therapeutic efficacy and effect on 
gametocyte carriage of two fixed dose therapies (ACTs): [artesunate/
sulfamethoxypyrazine/pyrimethamine (fixed dose over 24 hours (AS/
SMPFDC)) and artesunate/amodiaquine (fixed dose over 48 hours(AS/
AQFDC))] in 500 children aged 1-13 years suffering from uncomplicated 
falciparum malaria. The children were randomly allocated to receive three 
doses of AS/SMPFDC 12 hourly over 24 hours or three doses of AS/AQFDC 
daily over 48 hours They were followed up for 28 days and had evaluation 
of hemogram, liver enzymes, serum bilirubin and creatinine levels on days 
0, 7 and 14. Polymerase Chain Reaction (PCR) analysis was also done 
on days 0 and 28. At enrolment,parasite density was similar in the two 
groups (P= 0.153). Parasite clearance times (1.3799 and 1.3319) (P = 
0.435) and the fever clearance times (1.1048 and 1.0756 (P=0.272) for 
AS/SMP and AS/AQ respectively were similar in the 2 groups. Gametocyte 
carriage before, during therapy and follow up were also similar (P > 0.05). 
Gametocyte carriage rate on day 7 were significantly lower than day 
0 in the two drugs (P<0.0001).The parasite cure rates on day 28 after 
PCR correction were 96.5% and 97.9% for AS/SMPFDC and AS/AQFDC 

respectively (P=0.360). Proportion of children with anemia at enrolment, 
day 7 and 14 were not significantly different in the two groups (P=0.568, 
0.758 and 0.639). By day 14, 98.7% (AS/SMPFDC) and (AS/AQFDC) of 
children with anemia had recovered. Rate of resolution of anemia 
were similar in the 2 groups. Adverse effects were mild and did not 
necessitate discontinuation of therapy. The liver enzymes, serum bilirubin 
and creatinine levels were not adversely affected in the two groups. In 
conclusion, both fixed dose ACTs are highly effective and safe in the 
treatment of uncomplicated falciparun malaria in children in an endemic 
area of southwestern Nigeria.

852
A Bayesian approach to reducing misclassification 
in antimalarial efficacy studies

Kimberly A. Porter, Christina Burch, Charles Poole, Jonathan 
Juliano, Steven R. Meshnick
University of North Carolina - Chapel Hill, Chapel Hill, NC, United States

Defining the true antimalarial cure rate is difficult in falciparum malaria 
clinical trials because recurrent parasitemias could be due to reinfection 
or recrudescence. “PCR correction” categorizes recurrences by comparing 
msp1, msp2 and glurp nested PCR products before and after treatment. 
However, misclassification may be common due to two sources of error, 
the presence of undetected minority genotypes before treatment and 
reinfection by the same genotype (a chance match). We used computer 
simulations to model the effect of transmission intensity and complexity 
of infection on the probability of chance matches. Chance matches 
were more common in areas with less diverse parasite populations 
and high transmission levels, leading to underestimation of cure rates. 
Chance matches occurred in more than 50% of patients who had three 
alleles before and after treatment, a conservative representation of the 
complexity of infection observed in high transmission areas; this value 
was under 10% in patients with mono-infections. We developed a simple 
Bayesian approach for adjusting PCR-corrected cure rates for undetected 
minority variants and chance matches. Using simulations to inform prior 
probability distributions for the frequency of chance matches and for the 
prevalence of minority variants before treatment, and data from real trials, 
we repeatedly adjusted the observed number of recrudescent infections. 
The resulting posterior distribution for the cure rate allowed us to generate 
a 95% posterior probability interval for the cure rate instead of a single 
estimate likely to be biased by outcome misclassification.
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Safety and efficacy of artemether-lumefantrine 
(AL; Coartem®) in the treatment of acute, 
uncomplicated falciparum malaria in adults (>16 
years old): a pooled analysis of individual patient 
data

Francois Nosten1, Srivicha Krudsood2, Philip Hunt3, Verena 
Walter4, Hans Peter Beck5, Anne-Claire Marrast4, Marc Cousin4, 
Philip J. Rosenthal6
1Shoklo Malaria Research Unit, Mae Sot Tak, Thailand, 2WHO CC for 
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3Novartis Pharma, Horsham, United Kingdom, 4Novartis Pharma AG, Basel, 
Switzerland, 5Swiss Tropical Institute, Basel, Switzerland, 6Department of 
Medicine, University of California, San Francisco, CA, United States

Safety data from 5 and efficacy data from 4 registration trials were pooled 
and analyzed to assess the safety and efficacy of a 6-dose regimen of 
AL (taken as 4 tablets twice daily for 3 days) in the treatment of acute, 
uncomplicated falciparum malaria (confirmed by blood smear) in adults. 
These studies were conducted in Thailand and in travelers from non-
endemic regions (Europe and Colombia). The primary efficacy endpoint 
was the 28-day parasitological cure rate, corrected for reinfection by 
genotyping. Secondary endpoints included clearance time for parasites 
and fever. Standard safety parameters were evaluated. Adverse events 
(AEs) were recorded, including those related to the nervous system, 
hearing loss, electrocardiographic changes. A total of 599 patients 
were included in the modified intention to treat (mITT) patient set, all 
with AL standard tablets. The 28-day PCR-corrected cure rate in the 
evaluable population was 97.1% (495/510). Median parasite clearance 
time (PCT) in the mITT population was 42.3 hr (95% CI 41.5, 43.2) 
and median fever clearance time was 28.5 hr (95% CI 22.3, 34.0). The 
safety analysis (n=647) showed the most frequent (≥ 25%) AEs were 
nonspecific (headache, anorexia, dizziness, asthenia, arthralgia, myalgia, 
nausea), consistent with acute malaria. The majority of nervous system 
and ear AEs were mild, transient, and reversible. No AEs relating to 
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corrected-QT prolongation occurred. There were no deaths. A total of 
22 serious adverse events of which only 7 were related to AL occurred 
in 1.4% (9/647) of patients. These pooled data show that AL achieved 
rapid PCT and high cure rates in adults from Southeast Asia and in 
travelers. AL was also safe and well-tolerated. These results are consistent 
with recommendations for use of AL as a first-line therapy for acute 
uncomplicated falciparum malaria in adults in both the developing and 
developed world.

854
Safety and efficacy of artemether-lumefantrine 
(AL, Coartem®) in the treatment of acute, 
uncomplicated falciparum malaria in children 
(below 16 years old): a pooled analysis of 
individual patient data

Michael Makanga1, Hans Peter Beck2, Philip Hunt3, Verena 
Walter4, Anne-Claire Marrast4, Marc Cousin4, Philip J. Rosenthal5
1European and Developing Countries Clinical Trials Partnership, Cape 
Town, South Africa, 2Swiss Tropical Institute, Basel, Switzerland, 3Novartis 
Pharma, Horsham, United Kingdom, 4Novartis Pharma AG, Basel, 
Switzerland, 5Department of Medicine, University of California, San 
Francisco, CA, United States

Data from 5 clinical studies were pooled and analyzed to assess the 
safety and efficacy of a 6-dose regimen of AL, taken as 6 doses over 
3 days (dosed according to body weight) in the treatment of acute, 
uncomplicated falciparum malaria (confirmed by blood smear) in children. 
These studies were conducted in malaria-endemic areas of Africa and 
Asia. The key efficacy endpoint was the 28-day parasitological cure rate, 
corrected for reinfection by genotyping. Secondary endpoints included 
parasite clearance time and fever clearance time. Standard safety 
parameters were evaluated. Adverse events (AEs) of special interest 
included effects on the nervous system, ear, labyrinth and corrected QT 
interval (QTc). A total of 877 patients were included in the modified 
intention to treat (mITT) patient set, all with standard AL tablets. The 
28-day PCR-corrected cure rate in the evaluable population was 97.3% 
(792/814). Median parasite clearance time was 35.3 hr (95% CI 31.7, 
35.7), and median fever clearance time was 7.9 hr (95% CI 7.9, 8.0) in 
the mITT. The safety analysis (n=1332 treated with standard or dispersible 
AL) showed that the most frequent (>/=10%) AEs were nonspecific 
(pyrexia, cough, vomiting, anorexia, headache), consistent with acute 
malaria. AEs leading to AL discontinuation occurred in 1.6% (21/1332) of 
patients. The majority of nervous system and ear AEs were mild, transient, 
and reversible. There were no AEs relating to QTc prolongation or labyrinth 
disorders. Four deaths occurred, 3 from infection and 1 from hemorrhage: 
all were deemed unrelated to AL. Serious adverse events occurred in 1.3% 
(17/1332) of patients but only one (urticarial rash) was deemed related 
to AL. These pooled data show that AL achieves rapid parasite clearance 
and high cure rate in children with acute, uncomplicated falciparum 
malaria. AL was also safe and well-tolerated. These results are consistent 
with recommendations for use of AL as first-line therapy for acute 
uncomplicated falciparum malaria in children in both the developing and 
developed world.
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Therapeutic Efficacy and Effects of Artesunate-
Mefloquine and Mefloquine on Gametocyte 
Carriage in Children with Uncomplicated 
Plasmodium falciparum Malaria in Southwest 
Nigeria

Akintunde Sowunmi, Grace O. Gbotosho, Christian T. Happi, 
Titilope M. Okuboyejo, Oluchi Nkogho, Onikepe A. Folarin, 
Sulayman T. Balogun
Department of Pharmacology and Therapeutics and Institute for Advanced 
Medical Research and Training, University of Ibadan, Ibadan, Nigeria

The treatment efficacy and effects of artesunate-mefloquine (AMQ) and 
mefloquine (MQ) on gametocyte carriage were evaluated in 335 children 
≤ 10years of age with uncomplicated P. falciparum malaria randomized 
to receive either drug/ drug combination. All children recovered clinically. 
Fever and parasite clearance were significantly faster with AMQ (p<0.001). 
The rate of P. falciparum reappearance (recrudescence or reinfection) 
between 2 and 6 weeks after start of therapy and the polymerase chain 
reaction corrected cure rate (96 vs 93%) were similar. Drug attributable 
fall in hematocrit was significantly lower in AMQ (p<0.01), but the rate of 
resolution of malaria-related anemia 6 weeks after treatment began (28 of 
34 vs 27 of 32) was similar for both treatment. Gametocyte carriage rate 
were significantly lower with AMQ. Both regiments were well tolerated. 
AMQ clears parasitemia and fever more rapidly than MQ but both 
regimens are effective in treatment of uncomplicated P. falciparum malaria 
in Nigerian children.
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coverage in the district of Kolokani, Mali: A 
cluster randomized control trial
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If the efficacy of Intermittent Preventive Treatment in infants (IPTi) with 
Sulfadoxine-Pyrimethamine (SP) against clinical disease and the absence of 
its interaction with EPI vaccines have been established, there are concerns 
that addition of the IPTi will increase the burden and disrupt the routines 
EPI services especially in Africa where the target EPI vaccines coverage 
remain to be met. To evaluate the impact of IPTi with SP on coverage 
of EPI vaccines, the 22 health areas of the district of Kolokani were 
randomized with the intervention in 11 health areas and the remained 
serving as control. After one year of implementation of the IPTi within 
the routine health system, EPI vaccines coverage was assessed in a cross-
sectional survey conducted in December 2007. With the exception of 
Hepatitis B vaccines for which shortages of vaccines occurred through the 
year, the coverage of the vaccines given with IPTi-SP using information on 
the vaccination card, was significantly higher for all the antigens in the 
intervention area compared to the non intervention area, average increase 
of 15.6% [highest increase with DTP3 (62% versus 82.7%) and lowest 
with Polio2 (81% versus 91.4%)]. The coverage of other EPI vaccines was 
slightly or significantly higher in intervention zone than in non-intervention 
zone with an average of 4.3% (highest with Polio 0 [50.4% versus 56.7%] 
and lowest with Polio1, [93.8% versus 94.5%]. These differences persisted 
between the two areas when information from parents or guardian’s 
interview was added to those on the vaccination cards. In summary, twelve 
months of IPTi implementation within the routine health system resulted in 
an increase in coverage of EPI vaccines in Kolokani, more marked with the 
vaccines given with IPTi.
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Direct synthesis of cycloguanil and 
mislocalization of mitochondrial dihydrofolate 
reductase-thymidilate synthase (DHFR-TS) in 
atovaquone-proguanil treated P. falciparum
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Rathod1
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Clinically approved drugs and their targets have much to teach about 
enabling malaria biology and pharmacology. Previous studies have 
pointed to active-site differences and low expression levels of DHFR-TS in 
Plasmodium falciparum, which helps explain some but not all interesting 
pharmacology around this target. Proguanil, a prodrug for the DHFR-
TS inhibitor cycloguanil, is not effective against P. falciparum unless 
combined with atovaquone, a selective inhibitor of the parasite electron 
transport system. This has evoked discussions on possible alternate targets 
of proguanil. Now, sensitive analysis of cycloguanil (after treatment 
with proguanil alone or in concert with atovaquone) shows low levels 
of cycloguanil, without a need for host cytochrome P450s. The role of 
cycloguanil and DHFR-TS in proguanil-atovaquone cytotoxicity is supported 
by cross-resistance patterns with cycloguanil. Immunocytochemical 
profiling of P. falciparum DHFR-TS shows for the first time that DHFR-
TS is normally localized at the mitochondria. Atovaquone-proguanil 
causes delocalization of DHFR-TS, presumably through degeneration 
of membrane potential across the mitochondria. The present study 
reconciles the known action of each partner drug in a clinically useful 
synergistic process, and offers new paradigms for development of effective 
antimalarial drug combinations.
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Dose-Dependent Risk of Neutropenia Following 
Seven-Day Courses of Artesunate Monotherapy in 
Adult Cambodian Patients with Acute Falciparum 
Malaria
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Artemisinin derivatives such as artesunate (AS) remain first-line treatment 
for Plasmodium falciparum malaria. While current treatment guidelines 
recommend combination with a partner drug, AS monotherapy is being 
used as a clinical research tool to investigate reports of declining AS 
sensitivity along Cambodia’s western border. In an open-label dose-
ranging comparison of three AS monotherapy regimens (2, 4 and 6 mg/
kg/day x 7d) complete blood counts (CBC) and plasma ALT were measured 
at baseline, on Days 3 and 6 of treatment and on Day 14. Analysis of 
the first 80 cases (39, 18 and 23 patients receiving 2, 4 and 6 mg/kg/
day respectively), 78 of who had received all 7 doses of AS, showed 
no significant differences between groups in baseline or Day 3 CBC 
parameters. However by Day 6 of treatment, geometric mean WBC and 
absolute neutrophil counts (ANC) remained significantly depressed in the 
AS6 arm compared to the other two dosing arms (p<0.001 and p=0.007 
respectively); this difference was even more marked at Day 14 when WBC 
and ANC had continued to rise in the lower two groups but remained low 
in the high-dose group (p<0.001). There were no major effects of AS dose 
on other CBC parameters. Plasma ALT values after 6 doses of AS6 were 
slightly raised though none were outside the normal range. Subsequent 
safety follow-up of individual subjects with ANC <1.0 x 109/L showed 

rapid recovery of both WBC and ANC values after Day 14. Neutropenia 
in these individuals was asymptomatic; there were no cases of febrile 
neutropenia or evidence of increased susceptibility to infection. There 
is limited high quality safety data available for AS. This study uniquely 
characterizes its safety without the confounding influence of the partner 
drug in patients already compromised by acute malaria infection. Seven-
day courses of AS when given at high dose have a significant impact on 
recovery of ANC in patients with malaria; future attempts to optimize 
dosing must take this into account.

859
The effects of chronic administration of lopinavir/
ritonavir on the pharmacokinetics of quinine in 
healthy volunteers 

Myaing M. Nyunt, Edward Fuchs, Stehen W. Eisenger, Craig W. 
Hendrix
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

Geographical distribution of falciparum malaria and HIV greatly overlaps, 
particularly in sub-Saharan Africa where more than two-third of all 
persons living with HIV reside and where Plasmodium falciparum infection 
claims millions of lives each year. Many of antiretroviral and antimalarial 
drugs undergo complex and overlapping metabolic pathways, indicating 
a potential for drug interaction. With greater availability of antiretroviral 
drugs in malaria endemic countries, clinically important pharmacokinetic 
drug interaction among these drugs, influencing drug efficacy and/or 
toxicity has been an emerging concern. We conducted a phase I, single 
center, open label, multiple dose, sequential design pharmacokinetic 
study to explore the interaction between antimalarial quinine sulfate and 
lopinavir/ritonavir (HIV protease inhibitors) in healthy volunteers. A total 
of 12 eligible healthy male and female volunteers received a single oral 
dose of quinine sulfate 648 mg (538 mg quinine base) on Day 1; a single 
oral dose of lopinavir/ritonavir 400/100 mg on Day 4; and twice daily 
oral doses of lopinavir/ritonavir 400/100 mg on Day 5-17, inclusive. On 
Day 15, a single oral dose of quinine sulfate 648 mg (538 mg base) was 
administered, in addition to lopinavir/ritonavir. The study was conducted 
in both inpatient and outpatient settings and lasted for 29 days for 
each volunteer. The safety and tolerability of oral quinine sulfate and 
lopinavir/ritonavir when administered individually, and in combination 
were evaluated throughout the study. Blood samples were collected at 
pre-specified time points, and analyzed for the pharmacokinetics of free 
and bound quinine, major active metabolite 3-hydroxy-quinine, lopinavir 
and ritonavir. A high-performance liquid chromatography (HPLC) method 
with appropriate detection techniques were employed for each study 
compound. A single-dose pharmacokinetics of quinine, lopinavir and 
ritonavir, alone and in combination will be reported, and clinical findings in 
association with drug pharmacokinetics will be discussed.



248

www.astmh.org

860
Global Sequence variation in the Histidine-Rich 
Protein 2 of Plasmodium falciparum: implications 
for performance of Rapid Diagnostic Tests for 
Malaria
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Malaria rapid diagnostic tests (RDTs) offer great potential to improve the 
diagnosis of malaria, particularly in remote areas. However, RDT sensitivity 
in operational use has been reported to be highly variable. Detection 
of falciparum histidine-rich protein 2 (Pf hrp2) is the basis for many of 
these tests, although this protein has previously been shown to be highly 
variable in its genetic structure. The extent of HRP2 variation on a global 
scale, and its effect on the performance of RDTs, is unclear. To contribute 
to understanding the significance of genetic variation in the hrp2 gene, 
we have sequenced this gene from 458 isolates originating from African, 
South American, Pacific and South-East Asian countries. A total of 318 
unique sequence types were identified, of which 259 sequences were 
seen once only, while the remaining 199 sequences combined to give 
a total 59 sequence types seen in >1 parasite isolate. A selection of 
sequence features have been compared across geographical regions. The 
relationships between parasite sequence features and RDT test sensitivity 
for approximately 20 commercial products involved in the first round 
of World Health Organisation (WHO) and Foundation for Innovative 
Diagnostics (FIND) malaria RDT evaluation were assessed. The outcome 
of the study will help to assess the performance of HRP2-detecting RDTs 
globally, and has the potential to improve and optimise RDT sensitivities 
so that they perform with acceptable sensitivity across a broad range of 
parasites found in geographically distinct regions. This has significant 
public health implications.

861
Malaria diagnosis by polymerase chain reaction 
based assay using a pooling strategy

Ajay Bharti, Scott L. Letendre, Kailash P. Patra, Joseph M. Vinetz, 
Davey M. Smith
University of California San Diego, La Jolla, CA, United States

Pooling of clinical specimens has been used to reduce the number of 
assays needed when screening for various infectious diseases. Polymerase 

chain reaction (PCR) based assays are the most sensitive tests to 
diagnose malaria, but its use is limited by its high cost. We evaluated 
if pooling methods using stored serum samples can be used to screen 
for malaria infection. The pooling platform to detect malaria infection 
involves arranging 100 individual clinical samples in rows and columns 
in a 10 x 10 matrix format. Ten individual samples are pooled vertically 
and horizontally such that each sample is represented in two of the 
20 constituted minipools. DNA is then extracted from these pools and 
used for PCR amplification. Negative PCR of the 20 pools would ‘rule 
out’ malaria infection in the 100 samples and preclude further testing. 
Positive results would require further PCR assays on the individual samples 
constituting the positive row and column pools. We tested the feasibility 
of detecting parasite DNA in pools of 10 (1:10 dilution) and 100 (1:100 
dilution) serum samples. Serum, cryostored up to 54 months, from 15 
microscopy positive malaria cases from Iquitos, Peru was used. 100 μL 
of serum from malaria positive cases was added to 900 μL of malaria 
negative to make pools of 10. 100 μL of serum from these pools was 
added to 900 μL of malaria negative serum to simulate pools of 100. DNA 
was extracted from 400 μL of pooled sera, in both pools of 10 and 100, 
and detected by ethidium bromide staining following agarose gel (1.8%) 
electrophoresis. Plasmodium vivax was the predominant infecting species 
in our study (12/15) with P. falciparum accounting for the remainder. The 
mean parasite counts, as measured by microscopy, were 2,704 parasites/
μL for subjects with P. vivax malaria and 7,778 parasites/μL for subjects 
with P. falciparum malaria. The PCR-based assay detected parasite DNA 
in all 15 (100%) undiluted samples as well as in minipools with a 1:10 
dilution. In master-pools with a 1:100 dilution, 12/15 (80%) samples 
had detectable DNA with mean parasite count of 4,083 parasites/μL. In 
the 3 negative samples, the mean parasitemia was 2,260 parasites/μL. In 
conclusion, screening for malaria infection using stored serum samples 
with PCR-based pooling platforms is sensitive and efficient. Field studies 
with various population prevalences are needed to validate and prove its 
cost-effectiveness.

862
A comparison of the sensitivities of detection of 
Plasmodium falciparum gametocytes by magnetic 
fractionation, thick blood film, and RT-PCR 
techniques 

Stephan Karl, Tim G. St. Pierre, Timothy M. Davis
The University of Western Australia, Perth, Australia

Several studies have exploited the magnetic properties of Plasmodium-
infected erythrocytes for a variety of different purposes. A recent study 
in a rural clinical setting in Papua New Guinea has demonstrated that 
Plasmodium falciparum gametocyte detection is facilitated by magnetic 
deposition microscopy. No study has yet determined the sensitivity and 
limit of detection of a magnetic fractionation technique for P. falciparum 
gametocytes on serial gametocyte dilutions. The present study compares 
the detection limit and sensitivity of a technique based on the use of 
commercially available magnetic fractionation columns with those for 
thick blood film microscopy and reverse transcriptase polymerase chain 
reaction (RT-PCR) methods. Protocols for the detection of gametocytes 
in six series of dilutions of parasite culture with known gametocytaemia 
were conducted using magnetic fractionation, thick blood film and RT-
PCR techniques. The preparations obtained by the magnetic fractionation 
method were of thin film quality allowing easy gametocyte identification 
by light microscopy. Magnetic fractionation had a higher sensitivity and 
approximately two orders of magnitude better limit of detection than thick 
blood film microscopy. Gametocytes were also more readily detectable 
on the magnetically fractionated preparations. Magnetic fractionation 
had a similar limit of detection to that of RT-PCR. In conclusion, magnetic 
fractionation is a highly sensitive and convenient method for gametocyte 
detection in comparison with the standard thick blood film and RT-PCR 
methods.
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Malaria-related mortality in hospitalized Ugandan 
children in an area of high malaria transmission
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In areas of seasonal malaria transmission in sub-Saharan Africa, the 
presumptive treatment of febrile illnesses as malaria without laboratory 
confirmation of the diagnosis is associated with high impatient mortality. 
However this presumptive diagnosis and treatment of malaria and the 
related inpatient mortality in high malaria endemic areas is not well 
characterized.  A retrospective chart review was conducted of all children 
up to 15 years of age admitted to Soroti Hospital, Uganda from January 
2002 to December 2004, with a diagnosis of malaria and clinical outcome 
analyzed according to microscopic confirmation of diagnosis. A total of 
10,387 children were admitted with a diagnosis of malaria during the 
study period, 746 (7.2%) of whom died. Severe malarial anemia 3,794 
(36.5%) and malaria with convulsions 1,764 (17.0%) were the two 
common causes of malaria related admissions. Children who did not 
receive microscopy testing had a higher case fatality rate than those with a 
positive blood smear (9.0% vs 6.5%, P<0.001). After adjustment for age, 
malaria complications and co-morbid conditions, children who did not 
have a smear done had a higher risk of death than those with a positive 
blood smear, Odds Ratio (OR) 2.08, 95% Confidence Interval (CI) 1.71, 
2.53, P< 0.001. In conclusion, in high malaria endemic areas, diagnosis 
of malaria in the absence of microscopic confirmation is associated 
with significantly increased mortality in hospitalized Ugandan children. 
In patient diagnoses of malaria should be supported by laboratory 
confirmation of diagnosis.
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Health workers’ use of malaria rapid diagnostic 
tests (RDTs) to guide clinical decision-making in 
rural dispensaries, Tanzania

M. Irene Masanja1, Meredith McMorrow2, Elizeus Kahigwa1, 
Salim M. Abdulla1, S. Patrick Kachur2
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Rapid diagnostic tests (RDTs) were developed to improve the quality of 
malaria diagnosis in resource-limited settings. RDTs can detect specific 
malaria parasite antigens in whole blood with high sensitivity and 
specificity. We assessed health worker prescription practices following 
the introduction of RDTs in health facilities without laboratory services. 
From December 2007 to October 2008, we introduced P. falciparum 
HRP-2 based ParaHIT® RDTs for routine use in 12 health facilities in Rufiji 
District, Tanzania. Health workers received training on how to perform 
RDTs for patients five years of age and older, with fever or suspected 
malaria. National guidelines recommended empiric treatment in children 
less than five years of age with suspected malaria. Among the 30,195 
patients seen at these 12 health facilities, 10,737 (35.6%) were tested 
with an RDT for malaria. 88.3% (9,405/10,648) of tested patients 
reported fever or history of fever and 2.7% (289/10,677) of all tested 
individuals were children under five. RDT results were recorded for 10,650 
patients (99.2%). Among the 5488 RDT positive patients (51.5%), 5,256 
(98.6%) were treated with an appropriate antimalarial per national 
guidelines (artemether-lumefantrine or quinine). Among the 5162 RDT 
negative patients, 205 (4.0%) were treated with an antimalarial. Other 
reported treatments included antibiotics and antipyretics. In conclusion, 
implementation of RDTs in rural health facilities without other diagnostic 
services resulted in high adherence to national treatment guidelines. 
Patients testing negative by RDT were rarely treated with antimalarials. For 
RDT positive patients, unapproved antimalarials were seldom used. Health 

workers continued to follow guidelines for the empiric treatment of febrile 
children.
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Comparison of real-time PCR and microscopy 
for diagnosis of malaria in Malawian pregnant 
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In sub-Saharan Africa, pregnancy-associated malaria contributes to pre-
term delivery, low birth weight, and fetal growth retardation. Microscopy 
remains the gold-standard test for parasite detection, but polymerase 
chain reaction (PCR) may be more sensitive. We compared the diagnostic 
utility of microscopy to real-time PCR in a cohort of 475 pregnant women 
in Malawi attending a single rural antenatal clinic. At delivery, thick smears 
of peripheral blood were prepared and blood spots were collected on filter 
paper. The blood smears were evaluated for parasitemia by an experienced 
microscopist in a local research laboratory. Genomic DNA (gDNA) was 
extracted from the blood spots and amplified in a real-time PCR assay that 
targets the Plasmodium falciparum lactate dehydrogenase gene (pfldh). 
Subsequently, all samples with discordant microscopy and real-time PCR 
results were speciated in a real-time PCR assay targeting species-specific 
sequences of the ribosomal DNA of P. falciparum, P. ovale, and P. malariae. 
Of the 475 patients, 11 (2%) were microscopy positive and 51 (11%) 
were real-time PCR positive for infection with P. falciparum; compared to 
microscopy, the sensitivity of real-time PCR for detection of P. falciparum 
was 90.9% and the specificity 91.2%. Of the samples amplified in the 
speciation assay, P. falciparum alone accounted for all but three infections, 
with 2 mixed infections with P. falciparum and P. malariae and one pure 
P. malariae infection. There was good concordance between the pfldh 
assay and the speciation assay overall. Our study demonstrates that the 
prevalence of submicroscopic P. falciparum infections among pregnant 
women at delivery in Malawi is high and that, compared with microscopy, 
real-time PCR can detect substantially more of these infections. We plan to 
examine the correlation between these submicroscopic parasitemias and 
clinical birth outcomes.
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for polymerase chain reaction (PCR) analysis of 
Plasmodium falciparum rna analysis in Zambia
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Malaria diagnostic tools play an essential role in cost-effective malaria case 
management, especially as malaria parasitemia levels decline. In Zambia, 
ICT Mal Pf rapid diagnostic tests (RDTs) are widely used in field activities 
and research studies and offer an opportunity for greater diagnostic 
confirmation in areas not well served by trained microscopists. Further, 
under field conditions, where diagnostic confirmation is preferred with 
PCR-based analyses, we examined the ability of ICT Mal Pf RDT cassettes 
to perform PCR-based rna extraction. Among 31 children age 0-5 years 
tested with ICT Mal Pf RDTs, a sensitivity of 96% and specificity of 80% 
was determined against standard filter paper-based PCR analysis. These 
results indicate that RDT cassettes are useful and similar in sensitivity 




