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domains of cg2 gene was analysed by nested PCR. Pfcrt-K76T mutation 
showed significant and complete association with in vitro CQ susceptibility 
status with 100% sensitivity and specificity. Pfmdr1-N86Y mutation also 
showed strong association with in vitro CQ resistance with 99.05% 
sensitivity and 100% specificity. Length polymorphism in cg2-kappa and 
omega repeat domains showed significant but incomplete association with 
CQ resistance with lower sensitivity (88.57% and 67.61% respectively) 
and specificity (65.22% and 60.87 respectively). Furthermore, strong 
linkage disequilibrium was observed between alleles of codon 76 of pfcrt 
and alleles of codon 86 of pfmdr1 gene. The results show that Pfcrt-K76T 
and pfmdr1-N86Y mutations are good diagnostic molecular markers of 
CQ resistance in NE India while length polymorphism in kappa and omega 
repeat domains of cg2 gene are not good markers. Thus, Pfcrt-K76T and 
pfmdr1-N86Y mutations either alone or in combination can be used as 
epidemiological tools for surveillance of CQ resistance in India, especially 
in areas like NE Indian states where falciparum malaria is highly endemic 
and CQ resistance is high.

522
RESPONSE OF FALCIPARUM MALARIAL PARASITE TO 
STANDARD TEST DOSE OF CHLOROQUINE IN PUNJAB, 
PAKISTAN 

Saleem M. Rana
Directorate General Health Services Punjab, Lahore, Pakistan

Present study represents the results of a 28-day follow-up of 404 patients 
treated with chloroquine for uncomplicated falciparum malaria in five 
districts of Punjab, Pakistan. Chloroquine resistance checked in the 
subjects harboring Plasmodium falciparum, using in vivo techniques 
was 35.4%, with 31.2% RI and 4.2% RII and nil RIII. During the 
non-transmission seasons for the years 1999-2005, among the rural 
populations Among five districts maximum P. falciparum (%) noted in 
Muzaffargarh (29.2) and minimum in Jhang (20.8). Among the five 
districts, maximum RI (35.2%) and RII (5.4%) were noted in Multan. 
Maximum resistance was noted in 5-15 year age group, but with a low 
RII (3%) value. Two patient characteristics were found to be independent 
and important predictors of resistance in a Cox proportional hazards 
model i.e. 5-15 years age group and parasitemia count >6000/μl. The 
weekly risk of resistance (%) was 18.7, 35.4, 19.0 and 25.0 during 1st, 2nd, 
3rd and 4th week respectively, with lowest in 1st and highest in 2nd week. 
During the 28-day test 5 cases (1.2%) did not complete follow-up. From 
seven districts of the Punjab, 604 cases of P. falciparum satisfied the entry 
criteria for in vitro test. Out of 604 subjects with uncomplicated malaria 
228 were treated with chloroquine, showed overall 38.6% resistance, with 
higher values in males (79.5%) than females (20.4%).192 subjects tested 
with basoquine in six districts of Punjab, showed 34.8% overall resistance 
with higher values in males (72%) than in females (28.35%). Another 
192 subjects tested with sulphadoxine / pyrimethamine in six districts of 
Punjab, showed 5.7% resistance with higher values in males (63.6%) 
than females (36.4%) (p<0.005). Difference between the resistances 
was highly significant (p<0.000) between sulphadoxine / pyrimethamine 
and chloroquine or basoquine and non significant between basoquine 
and chloroquine (p<0.177). So it is suggested that among these drugs 
sulphadoxine / pyrimethamine could safely replace the present first line 
drugs (chloroquine and basoquine) in Pakistan.

523
Rapid detection of dihydrofolate reductase 
resistance alleles in Plasmodium falciparum using 
real-time PCR with locked nucleic acid TaqMan 
probes 

Olusola Ojurongbe1, Adetayo F. Fagbenro-Beyioku2, Juergen F. 
Kun3, Peter G. Kremsner3

1Ladoke Akintola University of Technology, Osogbo, Osun State, Nigeria, 
2College of Medicine, University of Lagos, Idi Araba, Lagos, Nigeria, 

3Institute of Tropical Medicine, University of Tuebingen, Tuebingen, 
Germany

Drug resistance in Plasmodium falciparum (Pf) is a major problem in 
malaria endemic areas and constant and continuous monitoring is vital 
for effective implementation of control effort. Molecular markers, in vitro 
and in vivo tests have been developed for the purpose of monitoring 
antimalaria drug resistance. Real-time PCR offers a fast and reliable 
method for rapid detection and measurement of molecular markers for 
resistant allele. Pf Dihydrofolate reductase (dhfr) and Dihydropteroate 
synthase (dhps) genes single nucleotide polymorphisms have been shown 
to modulate the resistance of the parasite to Sulfadoxine pyrimethamine 
(SP), an antifolate class of drug. In this study, an assay using real-time PCR 
and sequence specific Locked Nucleic Acid (LNA) probes that detect the 
important mutations on Pfdhfr is described. Using DNA from laboratory Pf 
parasites and one hundred and thirty three clinical samples, real-time PCR 
was able to rapidly, simultaneously and correctly distinguish the important 
Pfdhfr mutations at codon 51, 59 and 108. Moreover, mixed infections 
caused by Pf clones with wild-type or mutant alleles could be efficiently 
distinguished as confirmed by genomic sequencing. The prevalence of 
the mutant I51, R59 and S108 in the clinical isolates was 85%, 95% and 
98.5% respectively. None of the samples had the T108 mutation. The high 
level of the triple dhfr mutation in P. falciparum isolates in the study area 
is an indication that the use of SP either in combination with artemisinin 
or non artemisinin drugs might not be suitable for effective control. The 
lowest detection limit of the assay was about 1.5x10-3ng/µl of DNA below 
40 cycles, that is, parasite density as low as 2 parasites/200 WBCs could 
be detected. In addition to its sensitivity and specificity, the new assay has 
a low per test cost, fast, easily automated and well-suited for large scale 
epidemiological studies.
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Clearance of Amodiaquine-Resistant Plasmodium 
falciparum in Nigerian Children by Immunoglobulin 
G Antibodies to the 19-kDa C-terminal region of 
Merozoite Surface Protein 1 (MSP-119) 

Onikepe A. Folarin1, Christian T. Happi1, Grace O. Gbotosho1, 
Chiaka Anumudu2, Dare O. Idowu2, Akintunde Sowunmi1, Rose-
Angela Nwugba2, Olufunsho O. Olorunsogo3, Wilbur Milhous4, 
Dyann F. Wirth5, Ayoade M. Oduola6
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Training, College of Medicine, University of Ibadan, Ibadan, Nigeria, 
2Department of Zoology, University of Ibadan, Ibadan, Nigeria, 
3Department of Biochemistry, University of Ibadan, Ibadan, Nigeria, 
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Research, Silver Spring, MD, United States, 5Department of Immunology 
and Infectious Diseases, Harvard School of Public Health, Boston, MA, 
United States, 6Special Programme for Research and Training in Tropical 
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In this study, we investigated the role of humoral immune responses 
(IgG, IgG1 and IgG3) against the 19-kDa C-terminal region of merozoite 
surface protein 1 (MSP-119) on clearance of amodiaquine (AQ) resistant 
parasites (harboring mutant alleles of pfcrt and pfmdr1 genes) and 
recovery in Nigerian children under the age of 12 years. 120 children 
with acute uncomplicated falciparum malaria were treated with AQ and 
followed-up for 28 days. Mutations in pfcrt and pfmdr1 associated with 
in vivo resistance to AQ were determined in all patients prior to treatment 
and after treatment in patients who failed treatment with the drug. Sera 
collected from 120 children at enrollment and during follow-up were 
assayed by ELISA for total IgG, IgG1 and IgG3 to recombinant MSP-119. 

Recovery was defined as the absence of severe malaria at any time and 
absence of fever and parasitemia 72 hours post-treatment. IgG3 sub-
class titers to MSP-119 was significantly higher than total IgG (p=0.033; 
95%CI= -0.144 to -1.049) and IgG1 (p=0.000; 96%CI=-1.05 to -0.889) in 
patients at enrollment. In addition, IgG3 titers to MSP-119 were also higher 
in plasma samples taken from children who carried resistant parasites 
with resistant markers (pfcrtT76+pfmdr1Y86) but cleared these parasites. 
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These results not only validates the importance of MSP-119 as an antigen 
associated with protection from malaria, but also point to the importance 
of IgG3 antibodies in clearing amodiaquine resistant parasites.

(ACMCIP Abstract)

525
Identification of single nucleotide polymorphisms 
(SNPs) in Plasmodium falciparum dhfr, Pfdhps 
and Pfcrt genes using a microsphere-based 
minisequencing assay 

Carola J. Salas, Stella M. Chenet, David J. Bacon
US Naval Medical Research Center Detachment, Lima, Peru

The rapid spread of antimalarial drug resistance over the past few decades 
has necessitated increased monitoring for resistance. Constant vigilance 
is required to ensure early detection of the ever-changing patterns of 
resistance so that national treatment policies can be revised. We designed 
a mini-sequencing procedure using FlexMapTM technology to facilitate the 
identification of known SNPs associated with antimalarial drug resistance 
in Plasmodium falciparum. Using P. falciparum genomic DNA, we prepared 
standard PCR reactions to amplify Pfdhfr, Pfdhps and Pfcrt. SNP specific 
primers containing a 5’ capture sequence were designed so that the 
terminal dNTP of the primer anneals directly over the SNP. Two primers 
were designed for each SNP; one primer terminates with the wild type and 
one terminates with the mutant nucleotide. Fluorescently labeled allele-
specific extension products (ASEP) were generated using the PCR amplified 
gene, SNP primers and a standard PCR reaction mixture containing 
biotin-labeled dCTPs and unlabeled dATPs, dGTPs and dTTPs. Following 
the extension step, the tagged ASEPs were captured using fluorescent 
microsphere containing DNA complimentary to the tags. Following 
incubation with streptavidin-R-phycoerythrin the reactions were analyzed 
using a BioplexTM suspension array system. The procedure correctly 
identified fifteen different polymorphisms in three multiplex reactions 
using a total of 32 different allele specific primers and 32 FlexMAP® 
microspheres. The procedure is robust and qualitative and can easily be 
transferred between laboratories and due to the cost savings associated 
with this procedure, it could replace traditional DNA sequencing as the 
gold standard for molecular markers determination in P. falciparum.

(ACMCIP Abstract)
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Mutational analysis of the Dihydrofolate 
Reductase and Dihydropteroate Synthase genes 
from Plasmodium vivax in isolates from Iquitos, 
Peru

Meddly L. Santolalla, Carola J. Salas, Carmen Lucas, David J. 
Bacon
U.S. Naval Medical Research Center Detachment, Lima, Peru

First line treatment of Plasmodium falciparum with Sulfadoxine-
Pyrimethamine (SP) drug in Peruvian Amazon Region was changed in 
2001. During this time, primary infections of P. vivax were not treated 
with SP, but co-infections could have exposed the species to high levels of 
drug inducing mutations in orthologs shown previously in P. falciparum to 
be linked to drug resistance. Double or triple mutations at codons 57, 58 
and 117 in Pvdhfr have been shown to be associated with a decrease in 
in vitro susceptibility to SP. We identified mutations in Pvdhfr and Pvdhps 
in samples from Iquitos collected in 2006 and from 1998-1999 when SP 
was the first line therapy. Using a limited number of isolates, we observed 
an increase in the number of mutations in Pvdhfr from isolates collected 
in 2006 compared to 1998-99 samples. We found that the prevalence 
of double and triple mutations were greater in isolates from 2006 (76% 
and 20%) than in 1998-99 samples (67% and 17%). In addition, we 
found a new genotype in isolates (13%) from 2006, which includes a 

novel insertion joined to 57L/58R. For Pvdhps, 24% of samples had just 
a single mutation that has been implicated in sulfadoxine resistance in P. 
falciparum. The high prevalence of double and triple mutants could signify 
a baseline level of circulating resistant phenotypes to pyrimethamine in 
Peru. However we did not find a correlation between Pvdhfr mutations 
and SP use, signifying that mutational rate in these genes are independent 
of drug pressure.

(ACMCIP Abstract)
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Lumefantrine in Nigerian Children with Acute 
Uncomplicated Malaria
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We assessed Plasmodium falciparum mdr1 (pfmdr1) polymorphisms 
and copy numbers as well as P. falciparum Ca2+ATPase (pfATPase6) gene 
polymorphisms in 96 Nigerian children presenting with uncomplicated 
falciparum malaria and enrolled in an artemether-lumefantrine (AL) 
efficacy study. The nested PCR-RFLP and the quantitative real-time 
PCR methodologies were used to determine alleles of pfmdr1 and 
copy numbers respectively in samples collected from all patients prior 
to treatment and in all recurrent parasites during a 42 day follow-up. 
The pfmdr1 86N (p= P=0.01; z=-2.53 Wilcoxon-signed rank test) and 
184F (P=0.003; z=-2.97; Wilcoxon-signed rank test) alleles increased 
significantly and were strongly selected among post-treatment samples 
obtained from patients with newly acquired or recrudescing infections and 
gametocytes after treatment with AL. All pre- and post-treatment samples 
as well as gametocytes harbored a single copy of the pfmdr1 gene and the 
wild-type allele pfATPase6. These findings suggest that polymorphisms in 
Plasmodium falciparum pfmdr1 gene are under directional AL selection. 
Pfmdr1 polymorphisms may result in reducing the therapeutics efficacy of 
this newly adopted combination for uncomplicated falciparum malaria in 
sub-Saharan countries of Africa.
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Characterization of Four Microsatellites around 
Plasmodium vivax Dihydrofolate Reducatse 
(pvdhfr) Gene Associated with Pyrimethamine 
Resistance 

Mohammad T. Alam1, Sumiti Vinayak1, Hema Bora1, Manoj K. 
Das2, Neeru Singh3, Aditya P. Dash4, Yagya D. Sharma1

1All India Institute of Medical Sciences, New Delhi, India, 2National Institute 
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The antifolate primethamine competitively inhibits dihydrofolate reductase 
(DHFR) enzyme of both Plasmodium falciparum and P. vivax. Although 
primethamine in combination with sulfadoxine (SP) is commonly used 
against P. falciparum malaria, it also causes mutations in the P. vivax 
dhfr gene. Thus, there is a need to monitor the status of P. vivax DHFR 
mutations in the field isolates and to identify genetic markers to study 
the origin and spread of pyrimethamine associated mutations in different 
populations as being studied in the case of P. falciparum dhfr. Further, 
limited numbers of genetic markers are available to study the population 
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genetic structure of P. vivax. Therefore, in a comprehensive study, we 
analyzed DHFR mutations among 177 P. vivax isolates from India. In 
addition, we also identified and characterized four microsatellite loci 
flanking pvdhfr gene (two nearest loci at -38.83kb and +6.15kb, and 
two farthest loci at -230.54kb and +283.28kb) among 110 of these 
P. vivax isolates. Around 43% of the isolates had wild-type PvDHFR 
(F57S58T61S93S117) alleles whereas 57% showed mutant PvDHFR alleles. 
Among mutant type, 1.5 % isolates had single PvDHFR mutation 
(F57S58T61S93N117) whereas ~ 2.2 % and ~ 44 % had double PvDHFR 
mutations with L57R58T61S93S117 and F57R58T61S93N117 alleles respectively. We 
also found quadruple PvDHFR mutations (L57R58M61S93T117) in 9% of the 
isolates. We found all four microsatellite loci as highly polymorphic with 
number of alleles ranging from 4 to 10. The expected heterozygosity 
(He) at these loci ranged from 0.50 to 0.82. However, no associations 
were observed between PvDHFR alleles and the microsatellite genotypes. 
In conclusion (i) the sulfadoxine-pyrimethamine should be used with 
caution to minimize the development of cross-species resistance in the 
field. (ii) Although no association was found between PvDHFR alleles and 
the flanking microsatellite genotypes, these loci in P. vivax were showing 
extensive heterozygosity and rate of variation were comparable with the 
variations observed at P. falciparum microsatellite loci.
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Consumer perceptions and care-seeking for 
febrile illness associated with the availability of 
artemisinin-containing antimalarial combination 
therapy in Rufiji District Tanzania, 2003 to 2006
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Artemisinin-combination therapy (ACT) has been adopted in many malaria 
endemic countries. Introduction of a highly efficacious treatment may be 
associated with shifts in care-seeking behavior if consumers perceive its 
advantages over other treatments. Such changes may also be affected 
by the relative availability of ACT at health facilities and treatments from 
other sources in the community. ACT with sulfadoxine/ pyrimethamine 
plus artesunate was introduced for routine management of uncomplicated 
malaria at all health facilities in Tanzania’s Rufiji District beginning in 
2003 as part of a multi-year evaluation. Availability of ACT was assessed 
through routine audits and prescribing data. We conducted household 
surveys of care-seeking behavior at baseline and annually from 2004 to 
2006 (1500 to 2000 households annually). Qualitative data on community 
perspectives of ACT and alternative treatments were collected in individual 
and group interviews throughout the same period. The introduction 
of ACT was associated with a 78% increase in reported use of health 
facilities for recent febrile illness in 2004. Despite this, a consistent 
proportion (23%) of households continued to rely on drug retail outlets. 
Health facility utilization grew steadily until 2006, when the household 
survey coincided with a period of stockouts affecting ACT and essential 
drugs in general. Consumer perceptions of ACT in qualitative interviews 
were mildly positive when it was first introduced and became substantially 
more so during the stock out period. In conclusion, highly efficacious 
ACTs may be perceived as advantageous by consumers and increase 
demand and utilization of health facilities where they are easily obtainable. 
Maintaining improvements in health facility use and ACT uptake were 
highly dependent on maintaining regular stocks. Expansion of ACT in 
other African countries should anticipate increased demand and must be 
accompanied by improvements in delivery and maintenance of adequate 
supplies.
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Expanded surveillance to confirm the 
disappearance of chloroquine resistant malaria 
following chloroquine withdrawal in Malawi
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Following chloroquine’s withdrawal from Malawi in 1993 the prevalence 
of the chloroquine-resistant PfCRT K76T genotype in Blantyre decreased 
from 85% to 13% by 2000. The K76T mutation has not been detected 
in Blantyre since 2001. To learn how far chloroquine sensitive falciparum 
malaria extends beyond Blantyre, we expanded surveillance to districts 
nearer to Zambia and Mozambique, where chloroquine resistance has 
remained highly prevalent. Filter paper blood samples were collected in 
drug efficacy studies conducted in Lilongwe, closer to Malawi’s western 
border with Zambia and Mozambique; Machinga, on Malawi’s eastern 
border with Mozambique; and Nkhotakota, along Malawi’s central 
lakeshore. Five hundred and seventeen pretreatment blood samples were 
collected (Lilongwe N=208, Machinga N=156 and Nkhotakota N=152). 
Samples were analyzed for PfCRT K76T and mutations in DHFR codons 
59 and 164 and DHPS codon 540. A randomly selected subset of 50 
samples was analyzed for mutations at the DHPS 437 and DHFR 51 and 
108 codons. Genotyping was done by allele specific restriction analysis 
of PCR-amplified parasite DNA. K76T genotyping was completed for 476 
of 517 samples. No K76T mutations were detected. The prevalence of 
the highly SP resistant quintuple mutant (DHPS 437 and 540, DHFR 51, 
59, and 108) was 88% (44/50). None of the 270 samples genotyped 
to date has carried the DHFR I164L mutation that confers the highest 
degree of resistance to pyrimethamine. In conclusion, this study confirms 
a complete absence of the K76T chloroquine resistance marker in isolates 
collected outside of Blantyre and closer to Zambia and Mozambique, 
suggesting that the withdrawal of chloroquine led to the disappearance of 
chloroquine resistance throughout Malawi despite continued chloroquine 
use and high rates of chloroquine resistance in neighboring countries. The 
high prevalence of DHFR and DHPS mutations is consistent with the high 
SP treatment failure rates recently measured in Malawi.

(ACMCIP Abstract)
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DNA Mismatch Repair in Plasmodium falciparum: 
Possible Mechanism for Accelerated Drug 
Resistance 

Meryl Castellini, Jeff Buguliskis, Theodore F. Taraschi
Thomas Jefferson University, Philadelphia, PA, United States

Resistance to antimalarial drugs is spreading at an alarming rate. 
Understanding the mechanisms that lead to resistance is important 
for the discovery of new treatments. The relationship between drug 
resistance and genomic maintenance is unexplored territory in Plasmodium 
falciparum biology. The inability of cells to maintain genomic integrity 
leads to the rapid accumulation of DNA mutations, the underlying 
cause of many diseases. In particular, DNA mismatch repair (MMR) 
facilitates genomic fidelity by approximately a thousand fold and targets 
mispaired bases that arise through errors in replication, recombination 
or due to DNA damaging agents. Ablation of MMR activity has been 
linked to carcinogenesis, microsatellite instability, and resistance to 
chemotherapeutic drugs. Cells containing mutations in MMR genes 
were shown to be resistant to DNA damaging agents used in cancer 
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chemotherapy. This is thought to arise due to DNA damage tolerance, 
where cells acquire non-lethal, highly mutagenic lesions, which persist in 
the genome due to aberrant repair mechanisms. Many antimalarials are 
DNA damaging agents and may select for malaria parasites that possess 
a drug resistance phenotype. This resistance may be directly associated 
with a loss or decrease of parasite MMR activity. Given P. falciparum’s 
rapid development of drug resistance and its unusually A-T rich genome, 
characteristic of a mutator phenotype, it is not difficult to imagine that the 
parasite has diminished post-replication repair efficiency. Human homologs 
of key MMR genes have been identified within the P. falciparum genome. 
Results from our studies have shown that drug sensitive P. falciparum 
lysate has the ability to recognize and repair DNA mismatched substrates. 
Furthermore, repair efficiency of drug resistant P. falciparum lysate is 
reduced as compared to drug sensitive P. falciparum lysate, confering a 
correlation between defective mismatch repair and increased resilience to 
antimalarial therapy.
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A Two-Stage Model of Malaria Transmission and 
its Impact on the Spread of Resistance
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Despite substantial attention spent over the years understanding the 
selection and emergence of de novo resistance to antimalarial drugs, 
there has been relatively less understanding of how resistance spreads 
geographically. The transmission of antimalarial resistant parasites must 
be studied within the context of the ecology and epidemiology of the 
parasite. An earlier epidemiological model concluded that immunity was 
unimportant for the evolution of resistance, but in that model, immune 
individuals were not infectious to mosquitoes. Here, we present a new 
epidemiological model and re-examine how immunity impacts the 
spread of resistance. The model implicitly models clinical disease, and it 
considers two immune stages, called naive and immune. Unlike previous 
models, immune humans remain infectious to mosquitoes, but with 
reduced infectivity. They are also less likely to develop clinical malaria 
and use antimalarial drugs. We simulate the evolution of resistance 
across a range of transmission conditions using rates of antimalarial 
drug use from recent studies that explores the relationship between the 
entomological inoculation rate (EIR), clinical immunity, and the incidence 
of clinical malaria. Because the immune system limits the incidence of 
clinical disease, it plays an important role in selection because sensitive 
phenotypes have a natural ecological refuge. Reduced infectivity limits 
the effect of the refuge, but it does not completely eliminate it. Thus, 
immunity allows sensitive parasites to persist even when population 
biological models without explicit immune structure would predict they 
should go extinct. Thus, immunity does, indeed, play an important role in 
the evolution of resistance to antimalarial drugs.
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Assessing the origin and spread of dihydrofolate 
reductase and dihydropteroate synthase mutant 
alleles in Plasmodium vivax populations  

Vivian N, Hawkins, Stephanie Suzuki, Carol Hopkins Sibley
University of Washington, Seattle, WA, United States

Plasmodium vivax is a serious health concern in many regions; inadvertent 
treatment with sulfadoxine/pyrimethamine (S/P) is common. Mutations 
in dihydrofolate reductase (dhfr) confer resistance to pyrimethamine 
and diminish clinical responsiveness to S/P; the effect of dhps mutations 
on clinical responsiveness to S/P is less clear. Studies in P. falciparum 
have suggested that resistance-conferring mutations in dhfr spread via 
selective sweep. However, mutations in P. vivax dhfr and dhps may have 
arisen and spread in a different manner, as P. vivax dhfr and dhps are 
highly polymorphic, with a variety of point mutations and insertions/

deletions (indels) observed. Single nucleotide polymorphisms (SNPs) 
and indels both within and flanking dhfr and dhps provide information 
about the manner in which resistance-conferring alleles have moved 
through natural populations. We amplified dhfr-ts and a portion of the 
flanking intergenic region (793 bp upstream/683 bp downstream) from 
81 contemporary global isolates; the entire upstream flanking intergenic 
region (an additional 2513 bp) was amplified from a subset. We found 
a range of polymorphisms both within the dhfr coding region and in 
the flanking intergenic regions. Based on our haplotype assessment, 
we have found that the highly resistant dhfr quadruple mutant has two 
distinct origins, one in Thailand and one in Indonesia. The somewhat 
resistant dhfr double mutant 58R/117N, conversely, is associated with at 
least 10 distinct haplotypes. As well, pppk-dhps and its entire flanking 
intergenic region (497 bp upstream/631 bp downstream) were amplified 
and sequenced from all isolates; a variety of polymorphisms were found. 
These polymorphism data are useful in understanding the way in which 
resistance-conferring mutations have arisen and spread in natural P. vivax 
populations.

(ACMCIP Abstract)
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While 20% of hospitalized children with cerebral malaria die, 25% of 
survivors may develop neurocognitive deficits. Severely ill malaria patients 
cannot tolerate oral treatment. In remote malarious areas, access to 
health facilities providing parenteral treatment is poor and the quality 
of care is variable. In such settings, use of artemisinin suppositories is 
recommended by the World Health Organization to reduce mortality and 
prevent sequelae from severe malaria. A randomized, double-blinded, 
placebo-controlled trial has recently showed a significant survival benefit 
of a single dose of rectal artesunate in young rural children (unpublished). 
We estimate the incremental cost-effectiveness of pre-referral treatment 
with artesunate suppositories in comparison to the standard practice 
of parenteral treatment. A decision-tree model is used to estimate and 
compare the outcomes and costs for a hypothetical cohort of febrile 
children under 5 years of age living in an area with perennial malaria 
transmission. We assume that 45% (range: 30%-60%) of fevers are due 
to malaria. We use the Piot model, employing a probabilistic framework, 
to account for factors affecting treatment-seeking behavior of caregivers 
from the onset of illness to the completion of treatment. We estimate 
that only 17% (7%-32%) of these children receive antimalarials within 48 
hours of fever onset. Treatment alternatives following decisions on oral 
antimalarial treatment are presented as event pathways in the decision-
tree model. Preliminary results assessing the community effectiveness of 
oral antimalarial treatment indicate a malaria cure rate of 6% (2%-14%). 
It is estimated that 2%-5% of the treatment failures would progress to 
severe malaria.
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Previous malaria in pregnancy (MIP) studies in India have demonstrated 
the important role of malaria in maternal and neonatal morbidity and 
mortality. India currently has a national policy recommending chloroquine 
(CQ) prophylaxis in pregnancy. However, it is not known whether this 
policy is widely implemented and whether other effective malaria 
prevention strategies are routinely utilized in pregnancy. This yearlong 
cross-sectional study was conducted to evaluate the burden of disease due 
to MIP at 3 hospital sites, 1 urban and 2 rural, in an area with moderate 
intensity malaria transmission in the state of Jharkhand, India. One 
component of the study involved observation of antenatal visits between 
health care workers (HCWs) and pregnant women (PW) by trained study 
personnel followed by exit interviews to assess availability and utilization 
of malaria prevention measures in pregnancy. Detailed facility assessments 
also were conducted to determine availability of antimalarial medicines, 
laboratory supplies and bednets. Assessments of 3 facilities and 120 paired 
HCW observations/ PW exit interviews were conducted during 2007. 
These observations were noted: 1)  Asks about presence of fever 24/120 
(20.0%); 2) Assesses for signs/symptoms of anemia 49/120 (40.8%);  3) 
Measures temperature 21/120 (17.5%); 4) Obtains blood smear 17/120 
(14.2%); 5) Checks hemoglobin 65/120 (54.2%); 6) Prescribes antimalarial 
prophylaxis 1/120 (0.8%); 7) Recommends bednet use 0/120 (0%). Exit 
interviews included: 1) Malaria a major concern in pregnancy 92/120 
(76.7%); 2) Reports bednet in household 109/120 (90.8%); 3) Sleeps 
under bednet most nights 98/109 (89.9%); 4) Bednet insecticide treated 
4/109 (3.7%); 5) Taken chemoprophylaxis in pregnancy 0/120 (0%); 6) 
Government ever sprayed house w/ insecticide 61/120 (50.8%). The 
facility assessment showed: 1) Bednets available for sale 1/3 (33.3%); 2) 
CQ stockout in past 6 months 0/3 (0%);  3) SP stockout in past 6 months 
1/3 (33.3%). In conclusion, while bednets are widely available and used by 
PW in this district in Jharkhand, other malaria prevention measures known 
to be effective, such as chemoprophylaxis and insecticide-treated bednets, 
are underutilized. For improved prevention of MIP, policymakers should 
target these gaps.
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Insecticide Treated Nets (ITNs) are a key malaria prevention measure for 
countries across Africa. National and international policies correctly target 
subsidies towards infants, under-fives and pregnant women because 
of their vulnerability to severe disease. However, fewer national malaria 
control programs promote or aim for broader coverage of the population 

as a whole even though this is required to achieve a community level mass 
effect. In 2006 we conducted a household survey in 31 villages in Rufiji 
District. In each of 2000 selected households, every member available 
on the day of the interview (6,326 individuals) responded to a structured 
questionnaire about net use the previous evening. Net use by the 
population as a whole (62.6 %) was sufficient to support community-level 
protection. Use was highest for infants (0 - 1 year; 87 %), followed by 
children one to five years (under-fives; 80.1 %), then over fifteen (adults; 
59.6 %). Children between five and fifteen had the lowest proportion of 
net use, 53.7%. Even though large numbers of nets had been provided 
for free through vaccination campaigns (28.4%) the majority of nets 
in use were obtained through private commercial outlets either with 
(14%) or without (45.7%) a voucher subsidy. More infants slept under 
nets subsidized through a discount voucher scheme (42%) than any 
other source whereas under-fives most commonly used nets acquired 
free during the campaign (53 %). Older children and adults largely used 
nets purchased at full market price (42.8 and 60.4 %, respectively). 
In conclusion, although high insecticide treatment levels remain to be 
assured, Rufiji Disrict has already achieved the Roll Back Malaria targets 
for coverage of children with bednets. Importantly, voucher subsidies, full-
cost market systems and mass distribution campaigns targeting vulnerable 
groups appear to be mutually compatible. Crucially, free net campaigns 
had not compromized the commercial sector which extends coverage to 
untargeted groups, enabling coverage levels that could achieve equitable 
mass effects which benefit users and non-users alike.
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On January 24, 2007, it was reported that Plasmodium falciparum was 
found in a 57-year-old man who had been hospitalized because of 
phthisis. Neither the man, nor his family had traveled to areas endemic for 
any malaria recent 30 years. His house was far from an airport or a harbor. 
Since P. falciparum or even vector mosquitoes mediating falciparum 
malaria have never appeared in Korea, an epidemic intelligence survey 
was conducted by Korea Center for Disease Control and Prevention. First, 
the possibility of transfusion malaria was dealt in out after the survey of 
donors’ blood. Under epidemic intelligence survey against the hospital, an 
important clue was found that a foreign crew had died from P. falciparum 
in the same an emergency ward of the hospital on December, 2006. In the 
present study, we described nosocomial transmission of malaria from the 
foreign crew to the Korean man via blood exposure. Genomic DNA was 
extracted from the two thin blood smears of the foreigner crew and 2ml 
whole blood samples from the Korean man. The extent variable blocks 2 
and 17 regions at merozoit surface protein-1 gene of P. falciparum were 
typed by allelic type-specific PCR and sequenced. DNA extraction and PCR 
amplification of two samples were conducted at different place and in 
different time. The sequence analysis revealed that two sequences from 
the foreign crew and Korean man were exactly same. Both sequences 
showed same variable patterns in terms of repeat number and position 
(311111131111121) in block 2 and the same pattern of SNP (Q-KNG-L) 
in block 17. In order to assume the origin of P. falciparum, the full length 
of MSP-1 gene was cloned by using the DNA from Korean man, and is 
now under analysis. In this study, strong possibility of nosocomial infection 
by some reason such as medical staffs or equipments was deduced. The 
further studies to clarify this infection based on epidemic intelligence are 
on the way.
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Malaria is the leading cause of morbidity and mortality in Zambia, with 
an estimated 3.5 million cases annually. An integrated approach has been 
adopted to mitigate the burden of malaria in Zambia, with major focus 
areas being prompt and effective treatment, vector control, environmental 
management and public education. In 2003, Zambia changed its malaria 
treatment policy from using Chloroquine as the first line treatment for 
uncomplicated malaria to the more efficacious Artemisinin combination 
therapy (ACTs), Artemether-lumefantrine. This antimalarial drug was 
deployed to all health facilities in Zambia by last quarter of 2004. The 
efficacy of ACTs has been proven (currently 99% -100%), however the 
overall effect on health outcomes has not been explored. Currently, in 
Zambia ACTs are the most widely deployed malaria interventions in the 
country. To supplement improved case management, preventive measures 
are being applied (these include, IRS, ITNs, IPT, etc). Survey estimates 
show that 44% of Zambians own at least one ITN, 62% pregnant women 
received 3 doses of IPT. Unlike the preventive measures, ACT use is being 
implemented countrywide. Trends in malaria disease burden before and 
after drug policy change coupled with intensified vector control strategies 
were explored. The variables reported on included, malaria incidence, 
anemia, blood transfusions, malaria admissions and malaria deaths by age 
group over time (2000-2006). The study conducted a critical review of all 
health facility records from selected centers and then the same review was 
conducted for Zambia total disease burden based on HMIS data. 
Results: Current trends show that, post drug policy change (including 
vector control scale up), there has been a reduction in malaria disease 
burden and the associated health outcomes explored in this study at 
health facilities. A direct relationship between the health outcomes and 
malaria incidence was observed. In conclusion, the current integrated 
approach to control malaria in Zambia has shown to yield positive 
results. Increase in financing of the programme has improved capacity 
to implement the action plans in line with RBM, MDG and NHSP goals. 
Thus with the current tools for malaria control coupled with increase in 
financing, it is possible to achieve impact.
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Individual based modeling of malarial transmission offers an attractive 
alternative to conventional SIR-type methodology (Ross-Macdonald, Diezt 
et al). It has many advantages, among them relative ease to accommodate 
various heterogeneities in host, vector and parasite populations. One starts 
with a host model where single or mixed parasite species interact with 
host immunity. Immune regulation in a human/mammalian host involves 
a complex web of multiple cell types, signaling/ effector proteins and 
reaction pathways. A full account of these components and processes in a 
mathematical model can be difficult and often impractical. One successful 
strategy employs a simplified ‘feedback-control’ regulation mechanism 
of immunity. We shall outline a few sample models for single and mixed 
infections. They resemble some familiar patterns of population biology: 
predation/ competition/ cooperation. Mathematically, they take the form 
of coupled continuous (differential) or discrete/stochastic equations. We 
study their basic dynamic patterns (equilibria, stability, recrudescence), 
and establish their relation to the available data on long-term disease 

histories. The latter includes both malaria-therapy data of Boyd-Kitchen, 
and the population survey data obtained in PNG studies. Then we outline 
several applications of such individual-based communities and ‘immune-
modulated competition’ to (i) long term effect of ant-malarial therapy and 
the onset of drug-resistance; (ii) effect of preventive interventions (drug 
therapy and vaccination) on disease severity in young ages; (iii) evolution 
of parasite virulence through imperfect vaccination.
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Plasmodium vivax is the most common malaria in the Peruvian Amazon 
where transmission is hypoendemic. We hypothesize that internal 
migration to areas of high transmission related to logging and fishing 
appears has an important role in the geographic expansion of areas 
where malaria occurs. In this way, socioeconomic factors define human 
reservoirs of infection. A community census was done in Mazán. Active 
surveillance was conducted with twice weekly home visits. Clinical 
symptoms and travel information have been systematically collected. 
Mosquito collections using human landing catches were carried out 2 
times monthly. Thick smears were taken every 3 months in all enrollees 
and if the person developed fever or symptoms compatible with malaria or 
traveled outside a 10 km radius of the village. The census revealed a highly 
mobile population. 21% of individuals had traveled outside the village in 
the month prior to census. The number of prior lifetime infections was 
greatest among loggers an fisherman. 
Monthly surveillance in 317 households revealed an incidence rate of vivax 
of 0.25 infections/person-year. 2076 febrile episodes were detected, 8.4% 
of which were positive for P. vivax and 2.1% for P. falciparum. 62.1% of 
parisitemic individuals were febrile, 13.4% were afebrile but with other 
symptoms of malaria, 14% were asymptomatic individuals returning to 
the village in the last 72hrs, and 10.4% were asymptomatic habitants 
without recent travel. In all, 24% of people with P. vivax parasitemia 
were asymptomatic. Individuals traveling outside the 10km perimeter 
around the town in the last 72 hours were 3.63 times more likely to 
be parasitemic with P. vivax and twice as likely to have asymptomatic P. 
falciparum parasitemia as non-migratory residents. The most abundant 
species of Anopheline mosquito collected was Anopheles (Nys.) darlingi 
(84.8%). Peak biting of darlingi took place between the hours of 8p and 
9p (0.086 bites/person*hr). Human and entomologic data support our 
hypothesis that persons infected with malaria are likely to have contracted 
it outside the limits of the village. Migratory labor appears to be the major 
determinant of human reservoirs of Plasmodium vivax in Mazán. Malaria 
control in such areas could be achieved most efficiently by the deployment 
of a targeted intervention to definable high risk groups using either ITN, 
chemoprophylaxis or a transmission blocking vaccine
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The sporozoite threonine-asparagine-rich protein (STARP) of Plasmodium 
falciparum is a promising component for a pre-erythrocytic stage malaria 
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vaccine because both naturally acquired and experimentally induced 
antibodies against STARP protein can block sporozoite invasion into 
hepatocytes. To date, population-based sequence analysis has not been 
available to elucidate the extent of sequence variation in this gene. Here, 
we recruited 101 isolates of P. falciparum from diverse endemic areas in 
Thailand which contained single genotype as determined by analysis of the 
merozoite surface protein-1 and -2 genes. The complete STARP sequences 
of these isolates, encompassing 2 exons and an intron, were directly 
determined from PCR-amplified products generated from a proof reading 
DNA polymerase. Results revealed that the 5’ non-repeat region contained 
4 nonsynonymous substitutions while perfect sequence conservation 
occurred in region M. Both microheterogeneity of sequence and insertion/
deletion of repeat units have been observed in the tandem 45 and 10 
amino acid repeat regions among Thai isolates. However, sequence of the 
3’ non-repeat region was highly conserved except a few codon changes. 
Nucleotide diversity and haplotype diversity (±S.D.) were 0.0024±0.0001 
and 0.936 ±0.011, respectively. Analysis of polymorphism in the STARP 
gene excluding the repeat regions using Tajima’s D, Fu and Li’s D and 
F parameters yielded negative but not significant values. Likewise, the 
McDonald and Kreitman test for these regions did not show significant 
departure from neutrality. Alternatively, the paucity of nucleotide 
substitutions in the STARP gene could compromise the sensitivity of 
these tests. Meanwhile, the rate of nonsynonymous substitutions per 
nonsynonymous site (dN) significantly outnumbered that of synonymous 
substitution per synonymous site (dS) (p<0.05) in the 5’-non-repeat region, 
suggesting that positive selection would operate in this part. Whether 
immunogenic epitopes locate in the N-terminal portion of STARP protein 
would require further investigation. Nevertheless, the highly conserved 
STARP sequences as determined from a large number of clinical isolates 
encourage the incorporation of this protein into a malaria vaccine.

(ACMCIP Abstract)
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Zambia is aggressively scaling up malaria interventions to meet national 
coverage targets. During the rapid scale up interval, we examined the 
availability and use of insecticide-treated nets (ITNs) and examined 
factors associated with ITN use among children under 5 years of age in 
Zambia. Data from the 2006 Zambia National Malaria Indicator Survey 
(MIS), a nationally-representative household survey based on a two-stage 
cluster design, were used in the analysis. Households were surveyed on 
the availability and use of ITNs through a full net roster based on the 
Demographic and Health Survey (DHS) malaria module and the Roll 
Back Malaria (RBM) Monitoring and Evaluation Reference Group (MERG) 
recommendations. Odds ratios were used to associate desired ITN usage 
behavior with background household (rural/urban, asset-based wealth 
index), children (age, gender) and net characteristics, overall measures 
of net availability and mother’s knowledge of malaria and prevention 
methods. Nearly 50% of Zambian households reported having at least one 
mosquito net, with 47% of households reporting having at least one ITN. 
The mean net-to-occupant ratio was 0.19 and 0.20 for rural and urban 
areas, respectively. Of available nets in households, only 70% were used 
by someone the night before the survey, with slightly higher usage of nets 
reported in rural areas (71.3%) than urban areas (67.1%). Forty percent 
(40%) of nets were long-lasting insecticidal nets (LLINs) as identified by 
their brand by survey respondents. Among children under 5 years of age, 
23.4% of children in rural areas and 21.4% of children in urban areas 

slept under an ITN the night before the survey among rural households 
(42.7%) and urban households (48.9%) that have have at least one ITN. 
Having at least two ITNs in the household, being the youngest child, and 
the mother’s knowledge of ITNs as way to protect oneself from malaria, 
were significantly associated with higher usage among children under five. 
In conclusion, results support current national and international efforts to 
scale-up malaria control interventions, specifically ITNs, and emphasizes 
the need to focus on barriers to consistent ITN use among children. 
National malaria control programs must integrate ITN use promotion 
strategies into ITN delivery programs to bridge the gap between ITN 
ownership and use and to ensure that national and regional targets are 
met.
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Although infection with malaria is common in Indonesia, treatment 
seeking behavior in patients with either Plasmodium falciparum or P. 
vivax infection has not been well documented. The aim of this study 
was to ascertain the treatment seeking behavior of patients with fever 
to facilitate appropriate therapeutic interventions to control malaria. A 
cluster randomized survey of treatment seeking practices was conducted 
on 825 households in Timika, Papua Indonesia. Malaria infection was 
diagnosed by microscopy and by symptoms described by the respondents 
using a recall period of one month. The prevalence of asexual parasitaemia 
was 16.3% (634/3,890) with the rate slightly higher for P. falciparum 
(7.5%) compared to P. vivax (6.4%). Overall 35% (1813/5255) of 
people questioned reported a febrile episode in the preceding month, 
with further details on treatment seeking behavior available in 65% 
(1177/1813) of cases. In total 26% (302/1177) of people did not seek 
treatment for their febrile illness, primarily because they did not feel 
unwell enough (62% 198/302). Of those seeking treatment 353 (40%) 
went to a public or malaria control clinic, 239 (27%) went to a pharmacy 
or drug store, 197 (23%) to a private clinic and 86 (10%) took treatment 
at home. Of those patients seeking treatment 60% (521/875) received 
an antimalarial drug and 399 (46%) had a blood test for malaria which 
was confirmed in 313 (78%) of cases. Although there were no significant 
differences between age groups, there were according to ethnicity; only 
57% (340/601) of Papuans sought treatment outside the home for fever 
compared to 78% (449/576) of non Papuans (OR=2.7 [95%CI 2.1-3.5]; 
p<0.001). In conclusion, there were significant differences in treatment 
seeking behavior between different ethnic groups in this region. More 
than half of patient sought treatment at private clinics or from purchasing 
over the counter medicines.
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Southeast Asian macaques are considered to be natural hosts for a 
number of nonhuman primate malaria, some of which can establish 
infection and produce symptoms in humans upon natural, accidental or 
experimental transmission. We have conducted a cross-sectional survey 
of malaria in wild macaques in Ranong Province 570 kilometers from 
Bangkok, southern Thailand using morphological study of malaria by 
giemsa-stained blood smears and analysis of the small subunit ribosomal 
RNA (SSU rRNA) sequences. Blood samples were collected from 21 
macaques, morphologically identified as Macaca fascicularis aurea, by 
capture-and-release method without an uneventful consequence. Results 
of giemsa-stained thin and thick blood smears revealed 8 positive samples 
(38%) for malaria and malaria-like parasites while 6 isolates (29%) yielded 
positive test by PCR targeting the SSU rRNA sequences, spanning 2.2 
kilobases. However, it was not possible to determine the malaria species 
unequivocally based on morphology in blood smears. Identification of the 
A- and S-types of the SSU rRNA genes was obtained from sequencing 
of the PCR-amplified subclones from each isolate. Comparison of the 
A-type sequences in this study with those in the GenBank database has 
identified Plasmodium inui in 4 macaques, two of which were co-infected 
with P. coatneyi and Plasmodium spp. Interestingly, microheterogeneity 
occurred in the A-type SSU rRNA sequences of P. inui, suggesting that 
strain variation exists in this malaria species. Phylogenetic analysis revealed 
that the homologous sequences of malaria-like parasites found in 2 other 
macaques displayed a distinct cluster from those of plasmodia species. 
We further determined the mitochondrial cytochrome b sequences of 
these malaria-like parasites and confirmed them to be Hepatocystis spp., a 
hemoprotozoan parasite of nonhuman primate transmitted by Culicoides 
spp. Consistent results were obtained when analysis was done using 
the S-type SSU rRNA sequences. Importantly, P. inui has previously been 
reported to cause accidental infection in laboratory workers. Whether 
wild macaques can transmit this malaria species to humans under natural 
transmission cycle would require further surveillance.

(ACMCIP Abstract)
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In July and September 2006, 3.4 million long-lasting insecticide-treated 
bednets (LLITNs) were distributed free in a campaign targeting children 
under 5 years (CU5s) of age in 46 districts with a high burden of malaria 
in Kenya. We conducted a survey to evaluate who received campaign 
LLITNs, who owned insecticide treaded bednets (ITNs), and how these 
nets were being used. We evaluated the impact of a distribution strategy 
aimed at a single target population (CU5s) on ITN ownership and usage in 
other populations such as pregnant women, women of reproductive age, 
and ownership in all households. One month after the conclusion of the 
campaign, we conducted a multi-stage cluster survey of 100 enumeration 
areas in 20 of the 46 districts, reaching 2059 households. Handheld 
computers (PDAs) with attached global positioning systems (GPS) were 
used to develop the sampling frame, guide interviewers back to chosen 
households, and collect survey data.The distribution increased ITN 

ownership in households with CU5s by 28.7 %: to 74.4 % (95% CI: 71.8, 
77.0). 51% of CU5s reported sleeping under an ITN during the previous 
night versus 4.6% reported in the 2003 Kenya DHS survey. 39.1% of 
all households received a campaign net, elevating overall household 
ownership of ITNs to 50.7% (95% CI: 48.4, 52.9 %), versus 30.5% prior 
to the survey. One third of homes receiving LLITNs in the distribution 
owned no other nets. 36.3% of pregnant women, a group not targeted 
in the distribution, slept under an ITN during the previous night (95% CI: 
29.0. 43.7%). ITN ownership for HH with women of reproductive age 
increased by 18.6% (from 40.3% to 58.9%). 48.3 % of all households did 
not have a CU5 and therefore were not eligible to receive campaign nets. 
The distribution was successful in reaching a high proportion of the target 
population, families with children under 5, the risk group most vulnerable 
to malaria. Free distributions of LLITNs targeting pregnant women have 
been scheduled. Further work remains to understand and reduce non-
usage of owned nets. The targeted distribution strategy substantially 
increased ITN ownership and usage in non-target populations.
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Although immunity to malaria is reduced in pregnancy, the maternal 
immune system still continues to respond to malaria infection by the 
production of antibodies. IgG has been reported to play significant role 
in immune response against Plasmodium falciparum. Pregnancy and 
malaria have also been reported to induce oxidative stress by the secretion 
of reactive oxygen species. The malaria parasite is sensitive to oxidative 
damage. Anti-MSP1-19 antibodies and reactive oxygen species have 
been reported to be protective against malaria in children. We therefore 
investigated the effect of malaria infection on the level of antibody (IgG) 
response against MSP1-19 (a promising blood stage vaccine candidate 
antigen) and oxidative stress in pregnancy. A total of 250 pregnant 
women were studied in Ibadan, Nigeria. Thick and thin blood smears were 
prepared from each patient for parasite identification and quantification. 
Anti-MSP1-19 IgG was determined in plasma using ELISA technique. 
Oxidative status was monitored by estimating levels of malondialdehyde 
(MDA) as an indicator of lipid peroxidation and reduced glutathione 
(GSH) using standard spectrophotometric methods. 30% of 115 and 
60% of 135 pregnant women were positive for malaria by microscopy 
during the dry and wet seasons respectively. Parasite density was higher 
in the wet than dry season. Mean anti MSP1-19 IgG and MDA levels were 
significantly higher in the dry than wet season. Among primigravidae, 
MDA and IgG levels were significantly higher among malaria positive 
relative to negative in both wet and dry seasons. Among multigravidae, 
IgG level was also significantly higher among malaria positive than malaria 
negative but the higher MDA level was not significant. GSH level was 
significantly lower in malaria positive relative to negative in both seasons. 
Similarly, GSH level was lower among primigravidae compared with 
multigravidae and increased with gravidity.in both seasons. In conclusion, 
IgG and MDA levels were positively associated with malaria infection.
The result indicates that malaria infection induces immune response and 
oxidative stress which may be protective in pregnancy.
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548
Relationship of IL-18 promoter polymorphism  
(-137 G/C) with severe malarial anemia and hyper-
parasitemia in infants and young children

Richard Otieno1, Collins Ouma1, Tom Were1, Gordon Awandare2, 
Gregory Davenport2, John Vulule3, John Michael Ong’echa1, 
Jeremy Martinson2, Robert Ferrell2, Douglas Perkins2

1University of Pittsburgh/KEMRI, Kisumu, Kenya, 2University of Pittsburgh, 
Pittsburgh, PA, United States, 3KEMRI, Kisumu, Kenya

Interleukin (IL)-18 is an important cytokine that regulates both innate 
and acquired immunity. IL-18 promoter polymorphisms have been 
associated with several autoimmune and infectious diseases. However, 
association of IL-18 polymorphisms with malaria disease severity is still 
largely unexplored. To examine the role of genetic variation in the IL-18 
gene in conditioning severe malarial disease outcomes in children from a 
holoendemic Plasmodium falciparum transmission area, the relationship 
of the IL-18 -137 G/C polymorphism, severe malarial anemia (SMA, Hb 
less than 6.0 g/dL), and hyper-parasitemia (HP >50,000 parasites/µL) was 
investigated. Children with acute malaria (n=459) were enrolled at Siaya 
District Hospital in western Kenya. IL-18 -137 G/C genotyping was carried 
out using a Taqman 5’ allelic discrimination by real time PCR. Prevalence 
of the genotypes were: GG, 79.9%; GC, 17.8%; and CC, 2.3%, with 
G and C allele frequencies of 0.89 and 0.11, respectively. Multivariate 
logistic regression revealed that relative to the GG genotype, homozygous 
C alleles had a non-significantly increased risk of developing SMA (OR 
2.37, 95% CI 0.59-9.54, P=0.22). However, relative to homozygous G 
alleles, heterozygous individuals were non-significantly protected against 
HP (OR 0.72, 95% CI 0.38-1.36, P=0.31). Taken together, these analyses 
demonstrate that variation in the IL-18 promoter at -137 may not be 
strongly associated with malarial disease severity in young children residing 
in holoendemic areas of malaria transmission.

549
Decreased IL-10 production is associated with 
lymphocytosis in children with severe malarial 
anemia

Yamo Ouma1, Christopher Keller2, Gordon Awandare3, Collins 
Ouma1, Richard Otieno1, Tom Were1, John Vulule4, Z. Ng’ang’a5, 
Gregory Davenport3, John Michael Ong’echa1, Douglas Perkins3

1University of Pittsburgh/KEMRI, Kisumu, Kenya, 2University of Pittsburgh/
Lake Erie College of Osteopathic Medicine, Pittsburgh, PA, United States, 
3University of Pittsburgh, Pittsburgh, PA, United States, 4KEMRI, Kisumu, 
Kenya, 5Kenyatta University, Nairobi, Kenya

Hematological derangements are common phenomena of acute malaria 
among children in regions with Plasmodium falciparum holoendemicity. 
Our previous studies showed that lymphocyte count and malaria pigment-
containing monocytes were important predictors of severe malarial anemia 
(SMA) in children. Additional studies have shown that lymphocytes are 
important mediators of protective immunity during blood-stage malaria. 
Moreover, IL-10 is associated with lymphocytosis in individuals with 
Epstein Barr virus and Chagas disease. To further explore the role of IL-10 
in modulating lymphocytosis during SMA, we investigated the relationship 
between lymphocytosis and IL-10 in children (n=174, aged 3-31 mos) 
presenting with acute malaria at Siaya District Hospital, western Kenya. 
Complete blood counts were performed by an automated hematological 
analyzer, while parasitemia was determined on Giemsa-stained blood 
films. Lymphocytosis, monocytosis and granulocytosis were defined by an 
absolute count above 5500/μL, 0.8/μL and 8.6/μL respectively. Circulating 
IL-10 levels were measured using enzyme-linked immunosorbent assay. 
Levels of IL-10 in plasma were inversely correlated with the lymphocyte 
count (r=-0.307, P<0.0001). In addition, lymphocytosis was associated 
with significantly lower IL-10 levels (P=0.002) in children with acute 
malaria. However IL-10 levels did not differ among children with or 
without either monocytosis or granulocytosis. Additional analyses revealed 

that lymphocytosis was most prevalent among children with SMA 
(P<0.0001). Results presented here suggest that reduced levels of IL-10 
production may be important for promoting lymphocytosis in children 
with SMA.

550
The Role of PfRh invasion ligands as targets of 
antibodies that protect against Plasmodium 
falciparum malaria 

Linda Reiling1, Jack S. Richards1, Fiona J. MacCallum1, Kristina 
E. Persson1, Katherine Howell1, Sam Kinyanjui2, Kevin Marsh2, Ivo 
Mueller3, Alan F. Cowman1, James G. Beeson1

1The Walter and Eliza Hall Institute of Medical Research, Melbourne, 
Australia, 2Centre for Geographic Medicine Research, Kenya Medical 
Research Institute, Kilifi, Kenya, 3Papua New Guinea Institute of Medical 
Research, Goroka, Eastern Highlands Province, Papua New Guinea

After repeated exposure to Plasmodium falciparum malaria effective 
immunity eventually develops that influences the outcome of the infection 
and protects from severe complications. However, the mechanisms of 
naturally acquired immunity are still poorly understood. Antibodies play 
an important role, but their targets are largely unknown, and antibody 
effector mechanisms are not well defined. P. falciparum expresses different 
ligands for invasion of erythrocytes; these include the family of reticulocyte 
binding homologues (PfRh proteins), which have been recently identified. 
PfRh2 and PfRh4 have been shown to play an important role in sialic 
acid-independent invasion of erythrocyte, but their role as targets of 
acquired immunity has not been established. Our aim is to investigate the 
importance of PfRh invasion ligands in protective immunity as targets of 
antibodies that inhibit erythrocyte invasion and protect against malaria. To 
this end we expressed regions of PfRh2a, PfRh2b and PfRh4 proteins and 
evaluated antibodies to recombinant proteins by ELISAs using sera samples 
from longitudinal cohort studies Papua New Guinea and Kenya. By testing 
different parts of the respective proteins in ELISAs we have identified 
the most immunoreactive regions and have used corresponding peptide 
arrays to identify relevant antibody epitopes. We are also examining the 
relationship between antibodies to specific regions and acquired invasion-
inhibitory antibodies. Our results indicate that antibodies to PfRh proteins 
are acquired with increasing exposure to P. falciparum and antibodies to 
specific regions are associated with protection from symptomatic malaria 
among children. These results reveal important insights into the acquisition 
of protective immunity and will contribute to vaccine development.

(ACMCIP Abstract)
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The importance of the antibody isotype response 
to Plasmodium falciparum merozoite antigens in 
protection from clinical malaria 

Danielle I. Stanisic1, Jack Richards2, Fiona J. McCallum2, Danny 
Wilson2, Pascal Michon3, Christopher L. King4, Robin Anders5, Ivo 
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Australia, 3Papua New Guinea Institute of Medical Research, Madang, 
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Antibodies to merozoite antigens of Plasmodium falciparum are thought 
to play an important role in protection from malaria. Effective immunity is 
likely to depend on sufficient levels of antibody of the correct specificity, 
but may also depend on antibody subclass. It has been observed that for 
some antigens there is a change in the IgG isotype profile with increasing 
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age and exposure to malaria, and that different antigens appear to induce 
IgG of different subclasses. This may determine if a response is protective 
as the subclasses have different biological functions. IgG1 and/or IgG3 
appear to be the predominant subclasses to most merozoite antigens. 
However, the significance of IgG subclasses against merozoite antigens in 
protective immunity or for antibody function is not clearly understood. To 
address these issues, we measured IgG isotypes in a cohort of 206 PNG 
children. All children were initially treated for malaria and subsequently 
followed by active surveillance over 6 months for re-infection (determined 
by PCR) and symptomatic episodes of malaria due to P. falciparum. 
Antigens used include the vaccine candidates AMA-1, MSP1-19, and 
MSP2, as well as other merozoite invasion ligands. We have examined 
isotype responses to a number of P. falciparum merozoite antigens to i) 
determine the nature of isotype responses to different antigens in the 
same population, ii) examine whether specific IgG subclass responses 
are associated with protection from malaria and whether the protective 
isotype response is consistent across different antigens, iii) determine the 
effect of age, prior exposure, or active infection on the nature of isotype 
responses, and iv) examine whether polymorphisms in antigens influence 
the IgG isotype response. Our findings provide important insights into 
the nature of the acquired immune response and are highly relevant for 
vaccine development.

552
In utero humoral immune responses to 
Plasmodium vivax and P. falciparum antigens in 
Papua New Guinea 

Danielle I. Stanisic1, James G. Beeson2, Ivo Mueller3, Stephen 
Rogerson4, Christopher L. King5

1Walter and Eliza Hall Institute of Medical Research, Parkville, Australia/
Papua New Guinea Institute of Medical Research, Madang, Papua New 
Guinea, 2Walter and Eliza Hall Institute of Medical Research, Parkville, 
Australia, 3Papua New Guinea Institute of Medical Research, Goroka, 
Papua New Guinea, 4Department of Medicine, University of Melbourne, 
Parkville, Australia, 5Centre for Global Health and Diseases, Case Western 
Reserve University, Cleveland, OH, United States

In malaria endemic areas, many infants are born to mothers infected 
with malaria during pregnancy. It has previously been demonstrated 
that immunity to blood stage Plasmodium falciparum may be initiated in 
utero by exposure to malaria infected erythrocytes or parasite products 
transferred across the placenta. This fetal exposure may result in either 
the induction of fetal immune priming or tolerance in utero. A recent 
study has shown that the nature of this induced response can affect the 
development of functional immunity during infancy, and may therefore 
also contribute to malaria susceptibility. We aimed to examine the extent 
of in utero exposure to P. vivax and P. falciparum by determining the 
frequency of prenatal B cell sensitization in infants born in an area of 
perennial malaria transmission in Papua New Guinea. A cohort of women 
was followed during pregnancy, with sampling occurring at multiple 
time points including delivery. Malaria infection during pregnancy was 
determined by PCR. Humoral responses (IgG and IgM) in cord blood 
to P. falciparum and P. vivax antigens were examined. Responses were 
examined to several antigens as responsiveness may be differentially 
regulated and be dependent on differing levels of exposure to specific 
antigens. The presence of IgM was indicative of a fetal immune response 
as this isotype does not cross the placenta from the maternal circulation. 
Placental alkaline phosphatase (PLAP) levels were also determined in paired 
maternal and cord samples to exclude admixture of maternal and cord 
blood. Our findings provide a unique insight into the extent of in utero 
exposure to P. vivax as well as contributing to the growing number of 
studies examining fetal responsiveness to different P. falciparum antigens.

553
What would explain the differences in 
susceptibility of DCs subsets to malaria infection 
during pregnancy?

Aliou Mamadou Diallo1, Aldebert Delphine2, Omar Thiaw1, Jean 
Charle Moreau1, Ndiaye Malick3, Jambou Ronan4

1University of Dakar, Dakar, Senegal, 2University Joseph Fourier of 
Grenoble, Grenoble, France, 3Institut Hygiène Service, Dakar, Senegal, 
4Pasteur Institute of Dakar, Dakar, Senegal

The importance of dendritic cells (DCs) for the initiation and regulation 
of immune responses against foreign organisms has raised considerable 
interest in the qualitative and quantitative analysis of these cells and 
their activation-maturation in various human diseases. During pregnancy, 
Plasmodium falciparum accumulates in the placenta and is associated with 
altered immune function and poor birth outcomes. This study, therefore, 
investigated the impact of P. falciparum infection on DCs maturation in 
West African primi-secondigravid malaria. Circulating dendritic cells in 
peripheral, cord and placental blood, and their maturation were analysed 
using flux cytometry technics. In infected pregnant women, plasmocytoid 
DCs showed aignificant decrease in all compartments; their count was 
(8,3 ± 3% versus 20,8 ± 3%) in peripheral blood, (17,11 ± 3 % versus 
24,5 ± 2 %) in placental blood and (10,86 ± 2% versus 20,19 ± 2%) 
in cord blood. The HLA-DR expression was also severely impaired both 
plasmacytoid DCs subsets and in all compartments when compared to 
uninfected pregnant women. For example, in peripheral blood, HLA-DR 
expression was (662,01 ± 98 UA versus 1301,24 ± 218 UA) for mDCs 
(p < 0,005); (415,8 ± 40 UA versus 672,9 ± 69 UA) for pDCs (p < 0,005 
in placental blood, the expression was (662,89 ± 110 UA versus 1421,9 
± 108 UA) for mDCs (p < 0,005); (270,05 ± 39 UA versus 438,64 ± 41 
UA) for pDCs (p < 0,005 and in cord blood the expression was (887,85 
± 118 UA versus 1182,30 ± 83 UA) for mDCs (p < 0,005); (306,7 ± 47,8 
UA versus 412,35 ± 39 UA) for pDCs (p < 0,005). These results suggest 
a difference in DCs susceptibility to Plasmodium falciparum infection 
and probably a difference in the biology of these two subsets. Our study 
suggests deep investigations on DCs biology in case of malaria in order 
to better understand their interaction with P. falciparum and malaria 
immunology. A crucial fact in the control of malaria infection

(ACMCIP Abstract)
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The acquisition and maintenance of antibodies 
against Plasmodium falciparum merozoite 
antigens in childhood 
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1Kenya Medical Research Institute - Wellcome Trust Research Programme 
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Antibodies to merozoite antigens of Plasmodium falciparum are believed 
to be an important component of acquired protective immunity and are 
thought to act by inhibiting erythrocyte invasion by merozoites. However, 
the acquisition, maintenance, and specific targets of naturally acquired 
humoral immunity are still poorly understood. Associations between 
antibody responses and clinical parameters or protective immunity 
have been previously evaluated using data from measuring antibodies 
at a single time point, but few studies have investigated antibodies to 
merozoite antigens in longitudinal cohorts with extended follow-up. 
We have examined the acquisition and maintenance of antibodies to 
merozoite antigens among a cohort of 300 children aged 0-10 years 
followed over a 3 year period. Active weekly surveillance for malaria 
was performed over the entire study period and serum was collected 
for antibody testing every 6 months. Antibodies to recombinant AMA1 
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(3 different alleles), MSP1-19, MSP2, and schizont protein extract were 
measured among all children at each time point by ELISA. AMA1, 
MSP1, and MSP2 are leading vaccine candidates and are believed to 
be important, or essential, for erythrocyte invasion by merozoites. By 
examining antibodies at multiple time points over an extended period our 
results provide important insights into the acquisition and maintenance of 
key immune responses. Longitudinal analysis reveals antibodies measured 
at a single time point may not reliably reflect a person’s immune status 
or immune responsiveness as antibody levels can vary substantially over 
time. Antibody levels wane quickly and are poorly maintained in many 
individuals, raising questions about the adequate development of B cell 
memory. Maintenance of high antibody levels is influenced by exposure, 
parasitization, age, and genetic factors, and may differ for different 
antigens. These results have implications for understanding acquired 
immunity and how it is maintained and may assist the development and 
evaluation of candidate vaccines.

555
Estrogen and Progesterone Synergistically Affect 
Responses to Plasmodium chabaudi in Female 
C57BL/6 Mice

Erin N. Barth, Pamela W. Klein, Michele F. Hannah, Sabra L. Klein
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

Previous data from our laboratory illustrate that intact C57BL/6 males are 
more likely to die during Plasmodium chabaudi infection, recover from 
weight loss and anemia slower, and have lower IFNγ and IL-10 responses 
than intact females. Removal of the ovaries and, hence, the primary 
production of sex steroids in females reverses these differences. Thus, sex 
differences in response to P. chabaudi may be mediated by differential 
transcription and translation of IFNγ and IL-10 that are influenced by 
estrogen, progesterone, or both. In the present study, female mice 
were ovariectomized (ovx) and implanted with pellets containing 0.1 
mg estradiol (E2), 10 mg progesterone (P4), 0.1 mg E2 + 10 mg P4, or 
cholesterol (placebo). Females were inoculated ip with 106 P. chabaudi 
infected erythrocytes, and body mass, body temperature, anemia, 
parasitemia, and cytokine production were monitored at various time 
points post-inoculation. Adminstration of E2, alone or in combination with 
P4, mitigated infection-induced weight loss, anemia, and hypothermia 
as compared with ovx females that received placebo pellets. Hormone 
treatment did not affect levels of parasitemia. Females administered E2 
in combination with P4 produced significantly more IFNγ during peak 
parasitemia than females implanted with either placebo pellets or pellets 
containing E2 or P4 alone. The effects of estrogen and progesterone on IL-
10 production is currently under investigation. Taken together, these data 
suggest that estrogen and progesterone act synergistically to enhance IFNγ 
and, possibly, protect females during malaria infection.
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Temporal Stability of Blood Stage Malaria 
Immune Surrogates of Protection in a Malaria 
Holoendemic Area

Arlene E. Dent1, Kiprotich Chelimo2, Peter Sumba2, Daniel Tisch1, 
Michele Spring3, Ann Moormann1, James Kazura1

1Case Western Reserve University, Cleveland, OH, United States, 2Kenya 
Medical Research Institute, Kisumu, Kenya, 3Walter Reed Army Institute of 
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In malaria endemic areas, individuals acquire immunity through natural 
exposure to the parasite. In order to establish solid immune endpoints for 
human malaria vaccines, it is essential to understand naturally acquired 
humoral and cellular immune responses to malaria antigens. Functional 
anti-malaria antibodies are increasingly being evaluated as important 
correlates of protection, yet little is understood regarding their temporal 
stability and relation to malaria exposure. We evaluated the temporal 

stability of functional anti-malaria antibodies and compared them to 
traditional measures of serology and T cell immunity. We examined 
responses against merozoite surface protein-1 (MSP-1), the most abundant 
blood stage malaria protein and vaccine candidate. Blood samples from 
16 asymptomatic Kenyan adults living in a malaria holoendemic region 
were sampled at 6 time points over the course of 9 months. T cell IFN-γ 
responses to MSP-1 were determined by ELISPOT and antibodies to the 42 
kD and 19 kD C-terminal processed fragments of MSP-1 were determined 
by serology and by two functional assays that quantify a) overall anti-
malaria growth inhibitory activity (GIA) and b) invasion inhibition 
antibodies directed specifically against MSP-119 (MSP-119 IIA). The kappa 
test of agreement was used to determine immune stability over specified 
time intervals (3 weeks, 6 weeks, 6 months, and 9 months). Anti-malaria 
antibodies determined by serology were most consistent over time, 
followed by T cell IFN-γ and GIA. MSP-119 IIA was the least consistent over 
time. On the other hand, a temporal boost in MSP-119 IIA levels correlated 
with increases in rainfall and malaria transmission whereas other measures 
of MSP-1 immunity did not vary over time. In conclusion, MSP-119 IIA is a 
transient but potentially sensitive indicator of immunity that reflects recent 
blood stage infection.

(ACMCIP Abstract)
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Endemic Burkitt’s lymphoma (eBL) is the most prevalent pediatric cancer in 
Equatorial Africa. The etiology of this lymphoma is multi-factorial involving 
early-age infection with Epstein Barr Virus (EBV) and frequent exposure to 
Plasmodium falciparum malaria. Since these co-infections are common in 
African children living in malaria endemic areas, other eBL risk factors are 
being investigated. One potential co-factor could be selenium deficiency. 
Selenium is an essential micronutrient and is an integral component of 
the antioxidant enzyme glutathione peroxidase (GPX). Many populations 
worldwide exhibit selenium deficiencies but little is known about selenium 
deficiency within African populations. Moreover, there is emerging 
data to suggest the selenium deficiency potentiates viral infections. We 
hypothesized that deficiencies in selenium could contribute to increased 
risk for eBL by decreasing host ability to control EBV infection. To test this 
hypothesis, a cross sectional survey was conducted in children living in a 
region of Western Kenya that has high incident rates of eBL. Blood was 
collected from 79 children ages 1 to 11 years, to determine selenium levels 
using pl*GPx enzyme immunoassay for selenium GPX. In addition, EBV 
viral loads were measured by RTQ-PCR. The mean selenium levels were 2.4 
μg/dl ± 0.7 (range 0.63-3.38 μg/dl). This level is lower than those reported 
for developed countries where levels range from 6-8 μg/dl (New Zealand 
and Finland) to 14-25 μg/dl (USA). To test whether the selenium levels 
correlated with EBV viral load, we measured EBV viral load in the same 
study participants. Although several children had elevated EBV viral loads, 
we did not find a correlation of selenium levels with EBV viral load. Our 
data demonstrates that there is evidence of selenium deficiency in children 
living this region in Kenya but more studies are needed to determine what 
impact selenium deficiency has on immune function.
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Sterile protection against malaria infection 
requires TAP in spite of completely operative TAP-
independent vacuolar cross-presentation pathway

Dmitry Liepinsh
Walter Reed Army Institute of Research, Silver Spring, MD, United States

Induction of long-lasting protective immunity to malaria by repetitive 
immunization with Plasmodium berghei γ radiation-attenuated sporozoites 
(γ-spz) requires MHC class I-restricted CD8+ T cells, implying that γ-spz/
liver stage derived antigens have to be presented through one of the 
cross-presentation pathways. Based on accumulation of proliferating and 
IFN-γ producing effector/memory CD8+ T cells in the livers of TAP-/- mice, 
we showed that TAP-independent vacuolar pathway efficiently operates 
in vivo during priming and subsequent boosts with γ-spz. Likewise, 
infectious sporozoite challenge increased the number of IFN-γ+ CD8+ T 
cells in γ-spz immune TAP-/- mice and induced IFN-γ production by wt γ-spz 
immune CD8+ T cells transferred into TAP-/- environment suggesting that 
γ-spz/liver stage derived MHC class I specific peptides generated in a TAP-
independent manner participate in response to infectious sporozoites. 
Nevertheless, the pattern of IFN-γ secretion, parasitemia and survival data 
upon infectious sporozoite challenge clearly indicated that TAP-associated 
antigen processing is indispensable for sterile protection. 

(ACMCIP Abstract)
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complicated with Plasmodium falciparum infection 
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During pregnancy, Plasmodium falciparum-infected erythrocytes sequester 
in the placenta where they induce pathology and increase risks of 
low birth weight (LBW) babies.  In response to the infection, maternal 
macrophages also accumulate in the intervillous space (IVS) of the placenta 
where they secrete cytokines and phagocytose parasites.  The innate 
immune mediator mannose binding lectin (MBL) enhances phagocytosis 
via opsonization.  MBL has been shown to bind to malaria-infected 
erythrocytes.  Thus, we hypothesized that pregnant women might produce 
MBL upon infection and would aid in parasite clearance.  Previously, 
we showed that women who had a genotype for lower production or 
a nonfunctional form of MBL had an increased risk of delivering LBW 
babies. In this study, we measured the level of MBL in plasma of 56 
Cameroonian women during the course of pregnancy who lived in the 
city (low transmission) or village (high transmission). Results showed that, 
in the city,  MBL levels were elevated during pregnancy compared to non-
pregnant women but remained high in the village.  Primigravid women 
in the city who were blood-smear positive for malaria had higher median 
MBL levels during the first trimester and at delivery than non-infected 
women..  Thus, MBL was most likely triggered by microbial infections in 
addition to malaria in these women.  Finally, MBL levels were significantly  
higher in the IVS and fetal cord blood than in the peripheral blood at term 
(p = 0.05) independently of malaria infections.  Thus, it is likely that MBL 
does not play an important role in clearance of parasites from the IVS.
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Distribution of Plasmodium falciparum msp1 
allelic variants in the Artibonite Valley of Haiti, 
2006

Berlin L. Londono, Thomas P. Eisele, Joseph Keating, Adam 
Bennett, Donald J. Krogstad
Tulane University, New Orleans, LA, United States

Both multiplicity of infection and genetic diversity (number of parasite 
genotypes per infection) can serve as proxy indicators of the intensity 
of malaria transmission. In addition, genetic diversity may correlate 
with disease, including severe malaria. The purpose of this study was to 
evaluate the genetic diversity of Plasmodium falciparum isolates from 
Haiti using the 3 allelic families in Block 2 of msp1 as molecular markers 
(K1, RO33, Mad 20). Plasmodium falciparum isolates were obtained 
from: 1] Individuals included in a population-based survey to estimate 
the prevalence of malaria parasite infections in the population (active 
case detection) and 2] Individuals attending the Hôpital Albert Schweitzer 
(passive case detection). 29% of the “cases” included in the study were 
children 11 years of age or younger. A total of 9 distinct msp1 Block 2 
amplicons (differentiated by size and allelic type) were detected in 34 
individuals. 70% of the analyzed samples were RO33 positive; RO33 was 
the most frequent and least polymorphic allotype found, with only one 
genotype of 120 bp. In contrast, K1 was the most polymorphic allotype 
with 6 genotypes based on amplicon size (ranging from 150 - 250 bp). 
59% of the infections harbored 2 or 3 allelic types. The mean number 
of parasite genotypes per infection was 1.7, with a minimum of 1 and a 
maximum of 3 genotypes per infection. The island of Hispanola is the only 
island in the Caribbean where P. falciparum malaria is still endemic and 
chloroquine-susceptible. To our knowledge, this study represents the first 
examination of genetic diversity in Haiti. The results suggest that there is 
relatively little genetic diversity. This observation may reflect a low intensity 
of transmission in Haiti, together with low levels of importation and/or 
mixing with parasites from other malaria-endemic regions which may help 
to explain the absence of chloroquine resistance in Haiti.

(ACMCIP Abstract)
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Human insulin regulates oxidative stress and 
aging in the malaria vector Anopheles stephensi
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Observations from nematodes to mammals indicate that the insulin 
signaling cascade (ISC) regulates lifespan. As in other organisms, the ISC 
is conserved in mosquitoes and signaling occurs in multiple tissues. During 
bloodfeeding, mosquitoes ingest human insulin. This simple observation 
suggested that exogenous insulin could mimic the endogenous hormonal 
control of aging in mosquitoes, providing a new model to examine this 
phenomenon at the organismal and cellular levels. To this end, female 
Anopheles stephensi mosquitoes were maintained on diets containing 
human insulin provided daily in sucrose or three times weekly by 
artificial bloodmeal. Regardless of delivery route, mosquitoes provided 
with insulin at 1.7x10-4µM and at 1.7x10-3µM, doses 0.3-fold and 3.0-
fold higher than non-fasting blood levels, died at a faster rate than did 
controls. In mammals, insulin signaling induces the synthesis of reactive 
oxygen species and down regulates antioxidants, events which increase 
oxidative stress and which have been associated with reduced lifespan. 
In the mosquito, insulin treatment of cells in vitro induced hydrogen 
peroxide synthesis while dietary supplementation reduced total superoxide 
dismutase (SOD) activity and manganese SOD activity relative to controls. 
The effects of insulin on mortality were reversed when diets were 
supplemented with manganese (III) tetrakis (4-benzoic acid) porphyrin 
(MnTBAP), a cell-permeable SOD mimetic agent, suggesting that insulin-
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induced mortality was due to oxidative stress. We have also demonstrated 
that dietary insulin activates Akt/protein kinase B and extracellular signal-
regulated kinase in the mosquito midgut, suggesting that, as observed in 
Caenorhabditis elegans, the midgut may act as a “signaling center” for 
mosquito aging.

562
Disruption of a putative ABC transporter in 
Plasmodium falciparum alters parasite growth 
and responses to antimalarial drugs 

Dipak K. Raj
National Institute of Allergy and Infectious Diseases/National Institutes of 
Health, Rockville, MD, United States

ABC transporters play important roles in drug resistance and nutrient 
transport. In the malarial parasite Plasmodium falciparum, a homolog 
of the human multiple drug resistant gene (Pfmdr1) has been shown to 
be involved in various drug responses; and multiple transporters were 
associated with higher IC50 levels in responses to chloroquine (CQ) and 
quinine (QN) in field isolates. However, subsequent studies could not 
confirm the associations, although inaccuracy in drug tests in the later 
studies could have contributed to the lack of associations. Here we 
performed targeted gene disruption of a putative ABC transporter (PfABC-
C2) that was associated with responses to CQ and QN. Parasite clones 
with disrupted PfABCC2 were obtained from two P. falciparum isolates 
(W2 and Indo). Parasites with disrupted PfABC-C2 grew slower than 
the wild types and did not grow to a parasitemia higher than 5% under 
standard culture conditions, possibly due to lower efficiency in removing 
toxic metabolites produced by the parasites. Compared with wild type 
parasites, the PfABC-C2 knockout parasites showed changes in sensitivity 
to the antimalarial drugs QN and mefloquine (MQ), but showed minimal 
changes in sensitivity to CQ and artemisinine (ART). This study suggests 
that PfABC-C2 plays an important role in transport of toxic metabolites 
and antimalarial drugs in P. falciparum.

(ACMCIP Abstract)

563
Differential changes in Plasmodium falciparum 
var transcription during parasite adaptation to in 
vitro culture 

Jennifer M. Peters1, Elizabeth V. Fowler1, Darren R. Krause1, Qin 
Cheng2, Michelle L. Gatton1

1Queensland Institute of Medical Research, Herston, Australia, 2Australian 
Army Malaria Institute, Brisbane, Australia

Plasmodium falciparum erythrocyte membrane protein 1 (PfEMP1), 
encoded by the var multi-gene family, is expressed on the surface of P. 
falciparum infected erythrocytes and has been implicated in many of 
the complications associated with falciparum malaria. Transcriptional 
switching of var is commonly investigated using in vitro cultured parasites, 
as parasite material from patients is very limited. To ensure these in 
vitro cultured parasites adequately represent parasites within patients, 
we investigated the affect that short term in vitro cultivation has on var 
gene transcription in patient samples. A significant reduction in overall 
abundance of var transcripts was observed during the first ~10 days 
of culture. The rate of down-regulation was not constant among all 
var genes with certain groups of genes having significantly faster rates 
compared to others. Transcriptional changes in var induced by different 
external stresses such as parasite density and drug pressure have been 
considered in an effort to elucidate factors pertinent in generating the 
observed changes. Until the mechanism/s underpinning the transcriptional 
changes are better understood the results of this study have significant 
implications for investigating associations between var transcription and 
clinical manifestations using parasites that have been enriched by in vitro 
culture.

564
Population structure of Plasmodium falciparum in 
the Philippines

Moritoshi Iwagami1, Toshimitsu Hatabu2, Aleyla S. Escueta3, 
Elena A. Villacorte3, Pilarita T. Rivera3, Toshiyuki Hayakawa4, 
Kazuyuki Tanabe4, Toshihide Mitamura1, Shigeyuki Kano1

1Research Institute, International Medical Center of Japan, Tokyo, Japan, 
2Gunma University School of Health Sciences, Gunma, Japan, 3College 
of Public Health, University of the Philippines Manila, Manila, Philippines, 
4Research Institute for Microbial Diseases, Osaka University, Osaka, Japan

Molecular analysis is a powerful tool in the epidemiology of malaria. In 
the present study, we attempted to estimate levels of genetic diversity and 
differentiation of Plasmodium falciparum populations in the Philippines, 
and also tried to evaluate a correlation of the extent of genetic diversity 
of the populations with their malaria endemicity. We used 9 microsatellite 
DNA loci of the parasite genome to analyze 67 P. falciparum isolates 
from 3 malaria endemic provinces (Kalinga, Palawan, Davao del Norte) in 
the Philippines. Expected heterozygosities of the populations in Kalinga, 
Palawan and Davao del Norte were 0.35, 0.56 and 0.50, respectively. 
Effective population sizes of the populations in Kalinga, Palawan and 
Davao del Norte were 800, 3312 and 2309, respectively, by stepwise 
mutation model. These results indicated that the Kalinga population was 
genetically less divergent than the Palawan population. To estimate the 
genetic differentiations among the 3 populations, we calculated FST values 
among them. They were 0.11 (Kalinga - Palawan), 0.14 (Palawan - Davao 
del Norte) and 0.18 (Davao del Norte - Kalinga), suggesting that the 3 
populations were relatively isolated from each other. We also examined 
multilocus linkage disequilibrium in each population using a standardized 
index of association (IA

S). Significant linkage disequilibrium was observed 
in the Kalinga (IA

S = 0.1103: P < 0.01) and Davao del Norte (IA
S = 0.1153: 

P < 0.001) populations, and not in the Palawan population. These results 
are consistent with the previous reports that, in the regions where malaria 
transmission is low, the genetic diversity is low and significant linkage 
disequilibrium is observed in the parasite population, and vice versa. 
Parasitological survey also revealed that malaria transmission in Kalinga is 
low (annual parasite incidence (API): 3.6) and the transmission in Palawan 
is intermediate (API: 16.3). Elucidating the genetic structure of the parasite 
will provide a useful knowledge for understanding the epidemiology of a 
certain malarious area.

565
Development of a Plasmodium generic, falciparum, 
and vivax Specific Real Time PCR Based on 18S rRNA 

Kurt E. Schaecher, Mark Fukuda
Armed Forces Research Institute of Research, Bangkok, Thailand

Despite decades of pain-staking research in drug and vaccine 
development, malaria remains a world wide infectious threat infecting 
over 500 million and killing 1.5-3 million per year. The current “gold 
standard” assay used for diagnosing all four species of human malaria, 
Plasmodium falciparum, malariae, ovale, and vivax, is microscopic 
identification of parasitized red blood cells using giemsa stain. However, 
good malaria microscopy requires extensive training, vast technical 
knowledge, and years of experience without which accuracy and 
precision are compromised producing false positive and negative results. 
Poor microscopy can slow time of diagnosis, as well as, development 
of new drug therapeutics and vaccines. To address these limitations, 
we have developed a real time polymerase chain reaction (RTPCR) 
assay from publicly available data capable of detecting the 18S rRNA 
of Plasmodium generic, P. falciparum, and P. vivax. The assay conditions 
have been optimized ([MgCl2], [Probe], and [Primer]), the limits of 
detection/quantification for P. falciparum and vivax were measured, and 
the specificity of all primer/probe sets against both P. falciparum and P. 
vivax were assessed. Our limit of detection was 1 parasite/µl. Co-efficient 
of variance was measured above 20% at 10 parasites/µl. Our Plasmodium 
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generic probe/primer set was able to detect both P. falciparum and P. vivax, 
while Pf and Pv specific sets only detected their respective targets.

566
Identification and characterization of a novel 
asparagines rich merozoite apical protein that is 
involved in erythrocyte binding and invasion by 
the merozoite

Thilan A. Wickramarachchi, Sangeeta Devi, Asif Mohmmed, 
Virander S. Chauhan
International Centre for Genetic Engineering and Biotechnology, New 
Delhi, India

Proteins that coat Plasmodium falciparum merozoite surface and those 
secreted from its apical secretory organelles are considered promising 
candidates for the vaccine against malaria. In the present study, we 
have identified an asparagine rich parasite protein (AARP) that harbors 
a predicted signal sequence, a C-terminal transmembrane region and 
its transcription and translation patterns are similar to known merozoite 
surface/apical proteins. Using GFP-targeting approach using an inducible, 
schizont-stage expression system and by immunofluorescence, AARP was 
localized to the apical end of the merozoites. Red blood cells binding 
assays with COS cell surface expressed protein showed that it binds to 
red blood cells through its N-terminal region with a receptor on RBC 
surface that is sensitive to trypsin and neuraminidase enzyme treatments. 
Sequencing of this gene from different P. falciparum strains as well as 
field isolates showed that this N-terminal region is highly conserved. 
Recombinant protein corresponding to N-terminal region of AARP was 
produced in its functional form in E. coli. Recombinant AARP showed 
reactivity with immune sera from individuals residing in P. falciparum 
endemic area. The anti-AARP antibodies significantly inhibited parasite 
invasion in vitro. Our data on localization, functional assays and invasion 
inhibition, clearly suggest role of this protein in erythrocyte binding and 
invasion by the merozoite.

(ACMCIP Abstract)

567
DNA vaccine trials using 3 blood stage antigens of 
Plasmodium vivax Korean isolates

Eun-Hee Shin, Hyo-Jin Kim, Jo Woon Yi Lee, Jin-Ju Lee, Jong-Yil 
Chai
Seoul National University College of Medicine, Seoul, Republic of Korea

Since Plasmodium vivax malaria re-emerged in the Republic of Korea in 
1993, studies have focused on identifying the genotypes of Korean isolate. 
In order to reveal the protective immune characteristics of P. vivax surface 
proteins in Korean isolates, genomic DNA was prepared and three major 
vaccine candidate proteins were cloned. That is, DNA fragments of PCR 
products of DBP, MSP-1, and AMA-1 were subcloned into TA vector and 
the genes encoding these candidate antigens were sequenced. These 
confirmed antigens were cloned into pcDNA 3.1(-) vector and expression 
plasmids were finally constructed. The vector used for expression, pcDNA 
3.1(-), were inserted with mutant ubiquitin genes, afterwards, the 
expression plasmids including each candidate antigen are expected to 
be generated by the ubiquitin-proteasome pathway in vivo. COS-7 cells 
were transfected with expression plasmids using lipofectamine and these 
proteins were successfully expressed in vitro. AMA-1 was 56.8 kDa and 
DBP 37.8 kDa in western blotting. Our vector contains mutant ubiquitin 
and induces the antigen preparation to MHC class I molecules. DNA 
vectors carrying 3 kinds of major vaccine candidate DNA were inoculated 
into mice. Our results showed the inoculation of AMA-1-incorporated 
pcDNA vector induced the increase of IFN-r mRNA signals and total IgG 
and IgG2a titers. In the same manner DBP and MSP- incorporated pcDNA 
vector induced the increase of IFN-r mRNA signals. Our results suggest 
that DNA vector carrying DNA of P. vivax Korean isolates induce the 

immune responses in experimental mice although we don’t know whether 
the immune responses of vaccine are enough inducing the protection after 
infection or not.

(ACMCIP Abstract)

568
The use of microsatelites and tandem repeats in 
genetic population analysis of field Plasmodium 
vivax isolates from Brazilian endemic areas

Antônio M. Rezende1, Cor Jésus Fontes2, Eduardo Martín 
Santos3, Cristiana Ferreira Brito1

1Centro de Pesquisas René Rachou - FIOCRUZ, Belo Horizonte - MG, Brazil, 
2Universidade Federal do Mato Grosso, Cuiabá - MT, Brazil, 3Universidade 
Federal de Minas Gerais, Belo Horizonte - MG, Brazil

In Brazil, 600.000 malaria cases were reported last year and around 70% 
of these were caused by Plasmodium vivax. The strategies for parasite 
control depend on the understanding of their genetic variability and 
population structure. The molecular markers are important tools that 
can help in this understanding. Only a few markers have been described 
for P. vivax, including microsatellites and tandem repeats (TRs). The aim 
of this work is to search molecular markers that are polymorphic in the 
Brazilian isolates for populations studies. We selected some polymorphic 
molecular markers have already described in literature, being 5 TRs. It 
has been done the variability analyzes of these molecular markers in 
P. vivax - infected individuals populations from four different Brazilian 
regions (Manaus/AM, Cuiabá/MT, Macapá/AP, Belém/PA). Each locus was 
amplified using specific primers and DNA extracted from whole blood of 
the patients as a template. The amplified products were visualized first in 
agarose gel, and after that they were analyzed in MegaBACE 500 using 
the software MegaBACE™ Genetic Profiler Software Suite v2.2 and some 
specific fragments were sequenced. The genetic population analyzes are 
being done with software Fstat. Until the moment, we observed that all 
studied loci were polymorphic among brazilian populations. The locus 
MN25 is been the most variable and the locus MN23 showed the higher 
number of alleles being the second most variable. The locus MN7 is been 
the least variable one, showing only two alleles in the studied populations. 
The P. vivax subpopulation from Manaus/AM is been the most polymorphic 
ones, due to the higher average of alleles. Some samples were selected 
for DNA sequencing to confirm the size polymorphism showed on agarose 
gel. They exhibited deletion or insertion of some nucleotides, including 
the repeat units. Moreover, amplified fragments of the same size showed 
point mutations, also within of the repeat units. The analysis of several 
sequences will help to better understand the mechanisms generating the 
variability in TRs.

(ACMCIP Abstract)

569
The Frequency of SP and CQ Resistance Markers in 
Seven Districts in Zambia

Busiku Hamainza1, Moonga Hawela1, Pascalina Chanda1, Hirva 
Porta2, Sungano Mharakurwa3, Cally Roper4, Nawa Sipilanyambe1

1National Malaria Control Center, Lusaka, Zambia, 2London School of 
Hygiene, London, United Kingdom, 3Malaria Institute In Macha, Macha, 
Zambia, 4MRC, Johannesburg, South Africa

Chloroquine (CQ) and sulfadoxine-pyrimethamine (SP) are both failing 
antimalarials in Zambia as was evidenced by upward surge in all 
epidemiological indicators of the malaria disease. Chloroquine and SP 
treatment failures of 52% and 32.6% respectively were encountered 
in Zambia. Many studies suggest an association between treatment 
failures to CQ, SP and frequency of resistance markers. The frequency 
of SP and CQ resistance markers was determined. Molecular typing of 
point mutations in the dihydrofolate reductase (dhfr), dihydropteroate 
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synthase (dhps) and chloroquine resistance transporter (crt) genes was 
analyzed among children with uncomplicated malaria for the presence 
of mutations conferring resistance in the Plasmodium falciparum. The 
prevalence of molecular markers for SP and CQ resistance from all sites 
was high. Most resistant dhfr encountered were the triple and double 
mutants. Double and single mutations were dominant for dhfs. Patients 
carrying both sensitive and resistant strains to CQ were frequently 
encountered. Sensitive alleles for SP and CQ were relatively rare or absent. 
This molecular analysis demonstrates that resistant strains of Plasmodium 
falciparum to SP and CQ exist in Zambia in high propositions. This is the 
first data demonstrating the alleles responsible for resistance to SP and 
CQ in Zambia and is essential for policy direction in managing malaria in 
pregnancy and children weighing less than 5Kg and the return of CQ. 
In onclusion, in Zambia, SP and CQ treatment failure rates are attributed 
to high prevalence of SP and CQ resistance molecular mutations in the 
parasite gene pool detected in multiple sites.

(ACMCIP Abstract)

570
Recombination Generating Haplotype Diversity in 
the Ligand Domain of Plasmodium vivax Duffy-
Binding Protein

Taís N. Sousa1, Eduardo Tarazona-Santos2, Paula R. Kuser3, Luzia 
H. Carvalho1, Cristiana F. Brito1

1Rene Rachou Institute/Oswaldo Cruz Foundation, Belo Horizonte/MG, 
Brazil, 2Federal University of Minas Gerais, Belo Horizonte/MG, Brazil, 
3Laboratory of Bioinformatics/EMBRAPA, Campinas/SP, Brazil

Plasmodium vivax is the human malaria species with a most widely 
world distribution and is highly endemic in Brazilian Amazon region. The 
establishing of the disease in the host depends on the merozoite invasion 
of new blood cells. In P. vivax, this invasion is exclusively mediated by 
interaction of Duffy-binding protein (DBP) to the cognate erythrocyte 
receptor. Since the immunity against DBP has been demonstrated 
being allele-specific and the variability being region-specific, it is very 
important to identify the DBP variants among different malaria endemic 
areas and the genetic structure of the parasite field populations. In a 
previously published study, we analyzed the presence of variants in 
some polymorphic loci identified among Papua New Guinea isolates, 
however little is yet know about the DBP genetic structure of Brazilian 
parasites among different geographical sub-populations. The current 
investigation undertakes a comprehensive analysis of genetic diversity at 
the binding domain of DBP (DBPII) from different Brazilian populations 
using DNA sequencing and analyzing the impact of these polymorphisms 
in the structure of the protein. We report that genetic diversity varies 
between Brazilian regions, which may reflect differences of transmission 
intensity, geographic isolation and possible divergent selection between 
populations. Comparisons of interpopulation genetic divergences reveal 
that the dbpII haplotype repertoire in Brazilian regions overlap only slightly. 
We also find that meiotic recombination seems to play an important role 
in generating haplotype diversity at this locus. Mapping of diversity onto 
a 3D structural model of the protein indicates that some polymorphisms 
lie close to the binding site and may have functional importance for 
erythrocyte binding, while others may be likely to bear epitopes for 
antibody recognition. Further investigations are needed to determine the 
role of these residues in erythrocyte binding and the importance of allelic 
diversity for immune evasion.

(ACMCIP Abstract)

571
Plasmodium vivax TRAP: Immunogenicity and 
protective efficacy in rodents and Aotus monkeys

Angélica M. Castellanos
Universidad del Valle, Cali, Colombia

The thrombospondin related adhesion protein (TRAP) is a malaria pre-
erythrocytic antigen currently pursued as malaria vaccine candidate to 
Plasmodium falciparum. In this study, a long synthetic peptide (LSP) 
representing a P. vivax TRAP fragment involved in hepatocyte invasion 
was formulated in both Freund and Montanide ISA 720 adjutants and 
administered by IM and SC routes to BALB/c mice and Aotus monkeys. 
We measured specific humoral immune responses in both animal species 
and performed a sporozoite challenge in Aotus monkeys to assess the 
protective efficacy of the vaccine. After immunization both mice and 
Aotus seroconverted as shown by ELISA, and the specific anti-peptide 
antibodies cross reacted with the parasite in IFAT assays. Only two out of 
six immunized animals became infected after P. vivax sporozoite challenge 
as compared with four out of six animals from the control group. These 
results suggest that this TRAP fragment has protective potential against P. 
vivax malaria and deserves further studies as vaccine candidate.

(ACMCIP Abstract)

572
A Phase I/IIb randomized, double-blind, controlled 
clinical trial of the safety, immunogenicity and 
efficacy of RTS,S/AS02D, a candidate malaria 
vaccine in Mozambican infants  

John J. Aponte1, Pedro Aide2, Montse Renom1, Inacio 
Mandomando2, Quique Bassat1, Jahit Sacarlal2, Maria N. Manaca2, 
Sarah Lafuente1, Eusebio Macete2, Amanda Leach3, Ripley Ballou3, 
Marc Lievens3, Johan Vekemans3, Marie-Claude Dubois3, Marie-
Ange Demotie3, Joe Cohen3, Filip Dubovsky4, Jessica Millman4, 
Marla Sillman4, Pedro L. Alonso1

1Barcelona Centre For International Health Research (CRESIB), Hospital 
Clinic/IDIBAPS, University of Barcelona, Barcelona, Spain, 2Manhiça 
Health Research Centre (CISM), Manhiça, Mozambique, 3GlaxoSmithKline 
Biologicals, Rixensart, Belgium, 4PATH Malaria Vaccine Initiative, Bethesda, 
MD, United States

Results from a major Phase IIb trial of GlaxoSmithKline’s malaria vaccine 
candidate in children aged 1 to 4 years in Southern Mozambique showed 
that the vaccine has a good safety profile and is immunogenic. Efficacy 
against clinical and severe disease was demonstrated, as previously 
reported. In accordance with the clinical development plan, we conducted 
the first trial in infants of this candidate vaccine. The RTS,S-based 
candidate malaria vaccine is being developed to be integrated into the 
Expanded Program on Immunization (EPI) in malaria endemic regions 
of Sub-Saharan Africa. The primary objective of this study was to assess 
vaccine safety of RTS,S/AS02D when administered two weeks post 
DTPw/Hib vaccine in young infants. It also provided key development 
information on the non-inferiority of the hepatitis B response induced by 
RTS,S/AS02D compared to a licensed hepatitis B vaccine, and proof-of-
concept of efficacy. RTS,S/AS02D or the comparator vaccine (Engerix-BTM 
hepatitis B vaccine [GSK]) were administered at 10, 14 and 18 weeks 
of age staggered with the administration of TETRActHibTM (DTPw/Hib 
[Sanofi Pasteur]) at 8, 12 and 16 weeks of age. After each vaccination, 
infants were followed up at home for 7 days to evaluate reactogenicity. 
Hematology, renal and hepatic function were measured at one week 
post Dose 1, one month post Dose 3, 3½ months post Dose 3 and 12 
months post Dose 3 of RTS,S/AS02D or Engerix-BTM vaccines. Anti-HBs 
and anti-CS antibody titers were measured one month post Dose 3. Cases 
of malaria infection by P. falciparum were monitored by active detection 
of infection up to 12 weeks after the third dose of study vaccine (RTS,S/
AS02D or Engerix-BTM) and by passive case detection at health facilities in 
the study area. Serious adverse events were reported throughout the study 
period. Children will be followed up to 14 months after their first dose of 
TETRActHibTM. Results corresponding to the safety, immunogenicity and 
efficacy analyses up to 6 months after the third dose of RTS,S/AS02D or 
Engerix-BTM vaccines will be presented.
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573
Effect of CPG on stability of BSAM-1/Alhydrogel 
formulation 

Daming Zhu, Elizabeth M. Gebregeorgis, Holly A. McClellan, 
Shuhui Huang, Louis H. Miller, Laura B. Martin
Malaria Vaccine Development Branch, National Institute of Allergy and 
Infectious Diseases, National Institutes of Health, Rockville, MD, United 
States

BSAM-1/Alhydrogel, a tetravalent candidate vaccine against the blood-
stage malaria parasite, is composed of AMA1-FVO, AMA1-3D7, MSP142-
FVO and MSP142-3D7 formulated on Alhydrogel (aluminum hydroxide) at 
a ratio of 1:1:2:2. The immunogenicity of Alhydrogel-based vaccines can 
be greatly enhanced by the addition of the CpG oligodeoxynucleotide. 
However, the biochemical stability of BSAM-1/Alhydrogel in the presence 
of CPG 7909 has not been reported. In this study, we assessed the effect 
of CPG 7909 on the stability of BSAM-1/Alhydrogel by determining the 
level of protein dissociated from the Alhydrogel using SDS-PAGE/silver 
staining. AMA1, MSP142 and total proteins detected in the supernatant 
of BSAM-1/Alhydrogel+CPG 7909 formulation following centrifugation 
were considered dissociated. Protein band density was quantified by 
the ImageQuant software. CPG 7909 at a final concentration of 1.02 
mg/mL was added to 120 μg/mL and 480 μg/mL BSAM-1/Alhydrogel 
formulations, and the protein dissociation was determined following 0 
or 6h incubation at 4oC or 37oC. Protein dissociation was undetectable 
either in formulation without CPG 7909, or in 120 μg/mL formulation 
with CPG 7909 under the test conditions. However, protein dissociation 
was detected in 480 μg/mL formulation in the presence of CPG 7909 
at time 0 and increased with higher incubation temperature and longer 
incubation time. Total protein dissociation increased from 147 ng (3.1 %) 
at time 0 to 194 ng (4.0 %) at 4oC and to 337 ng (7.0 %) at 37oC over 
the 6h incubation period. Following 6h incubation, the amount of AMA1 
dissociation was approximately 4 or 8 times greater than that of MSP142 
at 4oC (155 vs. 40 ng) or at 37oC (366 vs. 43 ng), respectively. CPG 7909 
addition did not significantly modify protein integrity at 4oC; however, 
lower molecular weight fragments were also detected in 480 µg/mL 
formulation incubated at 37oC for 6h and were identified as degradation 
products of MSP142-3D7. The results of the present study indicate that low 
levels of protein are dissociated from BSAM-1/Alhydrogel+CPG 7909 and 
the biochemical stability and integrity of the vaccine were not significantly 
altered.

574
Novel sporozoite antigen discovery of Plasmodium 
falciparum screened using human immunesera  

Ling Jin1, Satoru Takeo1, Hideyuki Iriko2, Osamu Kaneko3, 
Jetsumon Sattabongkot4, Motomi Torii5, Joao Carlos Aguiar6, 
Takafumi Tsuboi1

1Ehime University, Matsuyama, Ehime, Japan, 2Tottori University, Yonago, 
Tottori, Japan, 3Nagasaki University, Nagasaki, Nagasaki, Japan, 4Armed 
Forces Research Institute of the Medical Sciences, Bangkok, Thailand, 
5Ehime University, Toon, Ehime, Japan, 6Naval Medical Research Center, 
Silver Spring, MD, United States

The pre-erythrocytic malaria vaccine is aimed to block sporozoite invasion 
and/or liver stage development and therefore to protects humans from 
the infection. Only small numbers of candidate antigens in this type 
of vaccine are currently being studied for their potential to induce 
protective immunity, including CSP (circumsporozoite protein), SSP2 
(sporozoite surface protein 2), and LSA1 (liver stage antigen 1). In order 
to identify novel vaccine candidates, we set up a post-genome strategy 
as follows. First we selected and cloned 96 genes which are expected 
to be expressed in sporozoite stage based on Plasmodium falciparum 
genome database, then prepared transcription template through PCR-
based high throughput procedures, followed by protein expression by 
the wheat germ cell-free system. Using this approach, we succeeded in 

obtaining 88 (92%) recombinant proteins, with the majority of proteins 
expressed in the soluble form. All of these proteins were then screened 
by ELISA for reactivity to panels of immune sera from naturally immune 
individuals in Thailand. Following affinity purification of the selected 
recombinant proteins, we raised polyclonal mouse and rabbit sera for 
antigen characterization studies such as parasite stage expression and 
subcellular localization. This characterization by immuno fluorescence 
assay (IFA) have identified 7 novel proteins expressed in sporozoite stages, 
having 5 expressed on the surface and the other two in the cytoplasm of 
the sporozoite. Future studies will help to qualify the potential of these 
antigens to serve as vaccine candidates.

(ACMCIP Abstract)

575
Transmission-blocking activity of DNA vaccine 
encording Plasmodium vivax gametocyte protein, 
Pvs230  

Mayumi Tachibana1, Chiho Eitoku1, Hitoshi Otsuki1, Jetsumon 
Sattabongkot2, Motomi Torii1, Takafumi Tsuboi3
1Department of Molecular Parasitology, Ehime University Graduate School 
of Medicine, Ehime, Japan, 2Department of Entomology, United States 
Army Medical Component Armed Forces Research Institute of the Medical 
Sciences, Bangkok, Thailand, 3Cell-Free Science and Technology Research 
Center, Ehime University, Ehime, Japan

The aim of the transmission-blocking vaccine (TBV) is to interfere the 
development of malaria parasite in the mosquito and prevent next 
infection to the host. The target molecule of TBV that is under the clinical 
development is currently Pvs25 alone in Plasmodium vivax. However, 
since the Pvs25 molecule is expressed mainly in the mosquito vector, 
we would not expect the boosting effect by the natural infection after 
the immunization. Here, we identified gametocyte protein, Pvs230, may 
be the basis for an infection-boostable TBV. Pvs230 has seven cysteine 
motif domains that were conserved among orthologs in Plasmodium spp. 
Transcription of Pvs230 gene was specifically detected in gametocyte-stage 
parasites. We produced mouse antiserum against the first and the second 
cysteine motif domains of Pvs230 by DNA immunization. This antiserum 
reacted with native protein of P. vivax gametocytes by western-blotting 
analysis, and Pvs230 was localized on the gametocyte surface determined 
by confocal microscopy. In addition, feeding Anopheles dirus mosquitoes 
with a mixture of this antiserum and gametocytemic blood derived from P. 
vivax patients in Thailand resulted in interference of oocyst development 
in mosquito midguts. Accordingly, Pvs230 is involved in the transmission-
blocking, and could be expected as the novel TBV candidate in P. vivax.

576
A Platform for Generating Conjugated Malarial 
Vaccines to Pseudomonas aeruginosa ExoProtein A  

Feng Qian1, Karine Reiter1, Yanling Zhang1, Richard L. Shimp, Jr.1, 
Vu Nguyen1, Jacob Lebowitz2, Lynn Lambert1, Gregory E. Mullen1, 
Laura B. Martin1, Louis H. Miller1, David L. Narum1

1National Institutes of Health, Rockville, MD, United States, 2National 
Institutes of Health, Bethesda, MD, United States

The potential of conjugate vaccines to significantly increase antibody 
responses is well established and has recently been demonstrated for 
the Plasmodium falciparum transmission blocking vaccine candidate 
Pfs25 when conjugated to the Neisseria meningitidis serogroup B outer 
membrane complex or Pseudomonas aeruginosa ExoProtein A (rEPA). 
Based on the findings for Pfs25 conjugated with rEPA, we aimed to 
develop a platform for generating conjugate malarial vaccines. MSP142 
is a leading blood-stage malaria vaccine candidate but it is increasingly 
evident that the best of our current vaccine formulations do not induce 
sufficient levels of antibodies to markedly interfere with parasite 
development in vivo. We selected MSP142FUP for conjugation to rEPA 
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due to the presence of a free cysteine residue, which provides a free 
thiol for chemical conjugation to an activated maleimide derivatized rEPA 
containing either an aliphatic spacer (APA) or a hydrophilic spacer (PEO). 
The conditions for rEPA modification were developed using a design of 
experiment for multivariant analysis of temperature, linker concentration 
and incubation time. The activated rEPA was characterized by an Ellman’s 
reaction, reverse-phase HPLC and maldi-mass spectroscopy. Conditions 
were selected such that the molar ratio is approximately 1 rEPA with 4 to 5 
linkers. The conjugation reaction was conducted by mixing modified rEPA 
with MSP142FUP at a 1: 6.2 molar ratio, which was empirically optimized 
by small-scale conjugation studies. The conjugated proteins were purified 
by size exclusion column chromatography and analyzed using SDS-
PAGE, Western blot, SEC-MALS-HPLC, sedimentation velocity and amino 
acid analysis. The ratios of MSP142FUP to rEPA for rEPAAPA and rEPAPEO 
conjugates were 3.9 and 3.8 based on amino acid analysis, respectively. 
The overall recovery of MSP142FUP was about 40%. The results of small 
animal immunogenicity studies with these conjugates will be presented. 
This platform is suitable for conjugating rEPA to other malarial antigens 
containing an innate or bioengineered free cysteine.

(ACMCIP Abstract)

577
Plasmodium vivax vaccine: Immunological 
characterization of new candidate vaccine using 
genomic and proteomic data 

Elizabeth Ampudia
Instituto de Inmunología, Cali, Colombia

The recent explosion of genomic sequencing has made available a 
wealth of data that can now be analyzed to identify protein as potential 
targets for vaccine development. Actually, more than 70 proteins from 
Plasmodium falciparum had been discovering to use as a development 
vaccine however in P. vivax, only 5 candidate vaccines had tested in 
clinical trial. We decide to study new candidate vaccine using genomic/
proteomic tools, to asses the antigenicinity using sample from individual 
endemic area and immunogenicity of DNA vaccine in murine model. We 
standardized an eukaryotic system to express new antigen and evaluate 
their immunological recognized by IFA test with serum from endemic area 
and immunized mice. To evaluate the cellular response we carried out the 
ex vivo assay to determined IFN-γ production using cells from exposed and 
unexposed individual samples. Additionally, spleen and node lymphatic 
cell from mice were evaluated. We identified, ten new genes/proteins 
have the following characteristics: a gene length <5 Kb; they are encoded 
by a single exon; the presence or absence of predicted signal peptides, 
signal anchors, or transmembrane domains; orthology to genes in other 
Plasmodium spp. for which there is proteomic or transcriptome data 
on the stage specificity. All genes/proteins were expressed in eukaryotic 
system, and all sequences were verified using automatic sequence and 
their expression with mab by IFA. The total genes were recognized and 
correspond to predicted sequence. Sera from 16 exposed individuals 
recognized three new genes/proteins that corresponding pre-eritrocitic 
stage. Eight of them recognized one gene/protein from erythrocytic stage, 
six sera recognized eight genes/proteins that expressing erythrocitic stage, 
and two sera samples recognized six genes/proteins that corresponding to 
liver and erythrocitic stage. No genes/proteins were recognized by the sera 
samples from unexposed individuals. Three genes/proteins were classified 
with high immunity reactivity since were recognized by all sera. Maybe 
can used as P.vivax vaccine antigens possibly these genes/proteins are 
important for the hepatic stage P. vivax development. We describe a novel 
strategy to mine genomic sequences databases for the identification and 
prioritization of novel target antigens and the immunological recognized 
by naturally exposed humans and mice. Three new antigens could be used 
to design a multigene malaria DNA vaccine.

578
Impact of RTS,S/AS02A and RTS,S/AS01B on 
Multiplicity of Infections and CSP T-cell Epitopes of 
Plasmodium falciparum in Adults Participating in a 
Malaria Vaccine Clinical Trial 

Samuel B. Anyona1, Carol W. Hunja1, Carolyne M. Kifude1, Mark 
E. Polhemus1, D. Gray Heppner2, Amanda Leach3, Marc Lievens3, 
Ripley Ballou3, Joe Cohen3, Colin Sutherland4, John N. Waitumbi1

1Walter Reed Project, Kenya Medical Research Institute, Kisumu, Kenya, 
2Division of Malaria Vaccine Development, Walter Reed Army Institute of 
Research, Silver Spring, MD, United States, 3GlaxoSmithKline Biologicals, 
Rixensart, Belgium, 4London School of Hygiene and Tropical Medicine, 
London, United Kingdom

RTS,S is a recombinant protein expressed in yeast, and contains a part of 
the circumsporozite protein (CSP) sequence of Plasmodium falciparum 
linked to the hepatitis B surface antigen in a hybrid protein. The RTS,S 
antigen is formulated with GSK Biologicals’ proprietary adjuvant systems 
AS02A or AS01B. A recent trial conducted in semi-immune adults in 
Kombewa District, western Kenya, tested safety, immunogenicity and 
efficacy of the RTS,S/AS02A and RTS,S/AS01B vaccines. In this study we 
sought to determine the molecular impact of these two vaccines on the 
surviving malaria parasites. The distribution of csp sequences and the 
multiplicity of infecting strains were examined at baseline (199 isolates) 
and in break-through infections in vaccine trial participants. Comparisons 
of the multiplicity of infection and of the distribution of csp genotypes 
in parasite isolates from vaccinated individuals and from those receiving 
a non-malarial vaccine were consistent with similar genotyping analyses 
conducted in the context of previous trials of the RTS,S vaccine in African 
adults and children. The cohort in the RTS,S/AS01B arm contained 
significantly fewer break-through genotypes parasites as revealed by 
MSP-1 microsatellite markers than the control arm (P = 0.0258). This was 
not the case for subjects in the RTS,S/AS02A arm (P = 0.1353). Although 
some findings at the level of individual amino acids (Q339 in th2r and 
D371 in th3r) were in opposite directions, analysis of the overall sequence 
combining both polymorphic t-cell epitopes did not reveal specific strain 
specificity for either of the vaccine formulations.

579
A Novel Population Genomic Approach for 
Identifying Vaccine Targets

Daniel E. Neafsey1, Danny Park1, Sarah K. Volkman2, Pardis C. 
Sabeti1, Dyann F. Wirth2, James E. Galagan1

1Broad Institute of MIT and Harvard, Cambridge, MA, United States, 
2Harvard School of Public Health, Cambridge, MA, United States

We report a new metric that specifically identifies genetic loci subject 
to selective pressure from the human immune system. The test is 
based on the identity of segregating polymorphic amino acid residues 
in a pathogen population rather than counts of nonsynonymous and 
synonymous nucleotide mutations, and relies on empirical knowledge of 
peptide binding affinity to common HLA alleles. We find that this novel 
metric yields results that are concordant with traditional polymorphism/
divergence analyses used to identify immune (diversifying) selection at 
pathogen genes. For example, previously reported studies found through 
population genetic analysis that the malaria protein TRAP exhibits strong 
evidence of immune selection relative to the CSP protein, though both are 
leading vaccine candidates. Our metric confirms that TRAP is likely subject 
to much greater immune pressure than CSP, making it a potentially more 
effective vaccine target. As our method does not require an outgroup 
genome sequence, nor a complete survey of polymorphism at each 
gene, it may be more practical as well as more sensitive in some cases for 
detecting immunogenic genes in pathogen genomes. We further use the 
approach to demonstrate that human immune pressure is an important 
driver of genome-wide functional divergence across populations of the 
malaria parasite Plasmodium falciparum. Given the increasing availability 
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of genome-wide SNP data from pathogen resequencing projects and 
genotyping analyses, we expect population genomic analyses of immune 
selection to have an important impact on the future prioritization of 
genetic loci in vaccine development pipelines.

580
E.coli-expressed and refolded VAR2CSA domains 
induce antibodies against native structural 
epitopes on the surface of CSA-binding parasites

Andrew V. Oleinikov, Jeffrey R. Dorfman, Eddie Rossnagle, 
Susan Francis, Michal Fried, Stephanie Balcaitis, Tony Getz, Marion 
Avril, Joe D. Smith, Patrick E. Duffy
Seattle Biomedical Research Institute, Seattle, WA, United States

VAR2CSA is the leading candidate antigen for a vaccine against pregnancy 
malaria (PM), but its large size and polymorphisms pose a challenge for 
vaccine development. We expressed one GST-tagged (DBL6) and four His-
tagged (DBL1, DBL3, DBL4, and DBL5) domains of this antigen from 3D7 
parasite in Esherichia coli. All His-tagged domains were purified by affinity 
chromatography followed by reverse-phase HPLC from inclusion bodies 
in denaturing conditions and then refolded. The GST-tagged domain was 
expressed and affinity purified in soluble form. After immunization, rabbit 
and mouse sera were tested for reactivity with 3D7 and FCR3 parasites 
selected for adherence to the placental adhesion receptor chondroitin 
sulfate A (CSA). Sera raised against 3D7 DBL5ε recognized VAR2CSA on 
the surface of parasitized erythrocytes (PE) of both laboratory strains, 
while sera raised against DBL6ε recognized only 3D7 PE. Reactivity of these 
sera with the surface of CSA-binding isolates collected from pregnant 
women is currently being evaluated. This is the first report showing that 
refolded E.coli-expressed VAR2CSA domains are capable of inducing 
antibodies against native VAR2CSA, and these antibodies cross-react with 
heterologous VAR2CSA of different parasite strains, an important step in 
developing a PM vaccine.

(ACMCIP Abstract)

581
Developing DNA-prime Adenovirus-boost Vaccines 
for the Prevention of Malaria

Ilin Chuang1, David R. Regis1, Martha Sedegah1, José Mendoza-
Silveiras1, Joseph T. Bruder2, Richter C. King2, Noelle B. Patterson1, 
Keith Limbach1, Sofia Casares1, Santina Maiolatesi1, Lorraine 
Soisson3, Carter Diggs3, Walter Weiss1, Denise L. Doolan1, Thomas 
L. Richie1

1Naval Medical Research Center, Silver Spring, MD, United States, 
2GenVec Inc., Gaithersburg, MD, United States, 3United States Agency for 
International Development, Washington, DC, United States

Malaria vaccine development has been challenging due to the parasite’s 
complex life cycle, large genome, and ability to evade the host immune 
response. Genetically-based vaccines such as DNA plasmids and viral 
vectors induce higher levels of CD4+ and CD8+ T cells in humans than 
recombinant protein-based vaccines, particularly when administered in 
prime-boost combination. Because strong cell-mediated immunity has 
been associated with protection against the pre-erythrocytic stages of 
malaria in animal models, these vaccine platforms may improve vaccine 
efficacy. Pre-clinical data have demonstrated that priming with DNA 
and boosting with adenovirus serotype 5 (Ad5) is safe, immunogenic 
and protective. Based on these findings, Naval Medical Research Center, 
GenVec Inc. and USAID are developing a DNA prime-adenovector boost 
regimen for clinical testing, sponsored by US Army. Vaccine constructs 
encode the P. falciparum circumsporozoite protein and apical membrane 
antigen 1 (mammalian codon optimized), in hope to induce protection 
against both pre-erythrocytic and erythrocytic stages. In the initial clinical 
trial, malaria-naïve adults will be divided into study groups based on level 
of antibody to the Ad5 backbone, defined as an Ad5 neutralizing antibody 

titer of < or >500, denoting negative (-) and positive (+) status respectively. 
Our hypothesis is that DNA priming will enhance immune responses 
relative to Ad5 alone, circumvent the inhibitory effects of pre-existing 
immunity to Ad5 and induce protection against sporozoite challenge. 
Groups 1 and 2 [Ad5 (-) and (+) respectively, n=12/group] will receive a 
heterologous prime-boost regimen containing 3 doses of DNA at months 
0, 1 and 3, followed by 1 dose of Ad5 at month 9, while groups 3 and 
4 [Ad5 (-) and (+) respectively, n=12/group] will receive a homologous 
prime-boost with 2 doses of Ad5 at months 3 and 9; all groups will 
be challenged 28 days after the last immunization. Safety, tolerability, 
immunogenicity and efficacy will be assessed. The supporting pre-clinical 
data and rationale for the design of the trial will be presented.

582
Vector competence of Florida Aedes aegypti and 
Ae. albopictus to La Réunion strain (LR2006 OPY1) of 
chikungunya virus

Michael H. Reiskind, Kendra Pesko, Catherine J. Westbrook, 
Christopher N. Mores
University of Florida, Vero Beach, FL, United States

Chikungunya virus (CHIK) is responsible for ongoing large-scale epidemics 
in the Indian Ocean basin and southern India, raising the possibility of 
a global CHIK epidemic. These epidemics are due to a new, emergent 
strain of CHIK, which may be more effective at being vectored by Aedes 
albopictus, previously described as a CHIKvector of secondary importance 
to Ae. aegypti. Aedes albopictus is an invasive species in the eastern 
United States, and can achieve high densities in some locales. In order 
to characterize the potential for this virus to cause an outbreak in the 
southeastern United States, we examined the vector competence to 
CHIK (strain LR2006 OPY1) of Florida strains of Ae. aegypti (common 
in urbanized areas) and Ae. albopictus (common in suburban and 
rural areas), and two well characterized laboratory strains (Ae. aegypti 
Rockefeller and Ae. albopictus Lake Charles). Using quantitative real time 
RT-PCR, we determined infection, dissemination, and total body titer for 
blood fed mosquitoes 7 days post infection (p.i.) (Ae. albopictus) and 3, 
7 and 10 days p.i. (Ae. aegypti). We found F1, Florida Ae. aegypti to be 
the most refractory to the virus, although all mosquito strains were highly 
susceptible to both infection and dissemination. Percent disseminated 
increased from days 3 to 10 for both strains of Ae. aegypti, as did body 
titer for F1 Florida Ae. aegypti. Our results suggest the southeastern United 
States would be susceptible to an emergence of CHIK, and that both 
urban and rural areas are vulnerable. In addition, the comparison of Ae. 
aegypti strains demonstrates the necessity of using recently field-derived 
material to determine vector competence.

583
Field comparison of anopheline collection 
methods: CO2-baited CDC light traps versus human 
landing catches in Belize, Central America

Nicole L. Achee1, Isabelle Dusfour1, David Claborn1, Ireneo 
Briceno2, Russell King2, John Grieco1

1Uniformed Services University of the Health Sciences, Bethesda, MD, 
United States, 2Belize Ministry of Health, Belmopan, Belize

There is increasing concern over the ethical use of volunteers to conduct 
human-baited mosquito collections for vector behavior research within 
disease endemic settings. A pilot study was performed in February 
2007 in Belize, Central America to gather preliminary data on tent entry 
behavior of the target malaria vector, Anopheles albimanus, for future 
insecticide evaluation. Collections were conducted over four nights from 
1800-1950 h inside and outside of tents (1 m x 2 m) that were placed 
adjacent to a known An. albimanus habitat (i.e., Eleocharis marsh). Two 
tents contained C02-baited CDC light traps and two tents contained Belize 
Ministry of Health human volunteers. An additional two persons were 
situated outside at either end of the designated field site. All anophelines 
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landing on the exposed lower leg of volunteers during a 50-min sampling 
period were aspirated and maintained in individual cartons. During a 10-
min resting period, collectors rotated between tents and inside/outside 
positions. Trap collection bags were also removed and new ones replaced. 
A total of 1,686 anophelines were captured including: 492 An. albimanus; 
455 An. crucians; 433 An. punctimacula, and 306 An. vestitipennis. 
Similar numbers were collected inside and outside of the tents; however, 
there was a species-specific difference in the densities collected between 
the CDC light traps compared to human-landing catches. Overall, human 
volunteers collected the highest totals of An. albimanus (99%) and An. 
vestitipennis (88%), both important malaria transmitters in Belize, as well 
as An. punctimacula (73%). In contrast, 64% of An. crucians, a non-
vector, were collected from traps. Results from this pilot study indicate that 
human volunteer catches are more productive at collecting malaria vector 
species in Belize than CO2-baited CDC light traps.

584
Mosquitoes in space and time: meteorologic 
and edaphic factors affecting Culex tarsalis 
abundance in California

Christopher M. Barker1, William K. Reisen1, Bruce F. Eldridge1, 
Wesley O. Johnson2, Jeff Gill1
1University of California, Davis, CA, United States, 2University of California, 
Irvine, CA, United States

Culex tarsalis varies substantially in its abundance and phenology across 
the diverse ecological regions of California. Previous publications on the 
distribution of this species only briefly addressed temporal variations 
in abundance and were based on the experience of investigators and 
reviews of published accounts rather than spatially extensive and semi-
continuous mosquito trapping records. Using a 10-year surveillance 
dataset from 868 trapping sites located throughout California, we 
developed Bayesian Poisson regression models to examine the effects of 
meteorologic and edaphic factors on the abundance and phenology of 
Culex tarsalis, an important vector of several viruses in the western United 
States. We also characterized and accounted for spatial and temporal 
dependence among trap counts, two aspects typically ignored in other 
studies. Temperature, precipitation, snowpack, land use, and human 
population density were associated with trap counts, but the direction and 
magnitude of these associations differed among ecological regions and 
over time. The predictive value of the models and the relative importance 
of the predictors will be discussed. Effects of these factors on mosquito 
distribution and abundance have important implications for transmission 
of endemic mosquitoborne viruses as well as other viruses with the 
potential for introduction.

585
Automated detection and recording of 
mosquitoes flying through eaves of an African 
village hut

Philipp Kirsch1, John Mclaughlin1, Darek Czokajlo1, Aubrey 
Moore2

1APTIV Inc., Portland, OR, United States, 2University of Guam, Mangilao, 
GU, United States

APTIV Inc’s FAST-ID™ technology is designed to count and identify 
individual flying insects. When an insect flies between a light source and 
photosensor, a flight signature is captured by a datalogger. Individual 
insects are automatically identified by comparing their flight signature 
with a library of signatures using a statistical classifier or an artificial neural 
network. The APTIV system consists of three components: a light source 
(sun or artificial), a photosensor and a data acquisition system. These 
are integrated into a single compact, light-weight and field proven unit. 
A field trial in Mbita, Kenya in January 2006 was established to test the 
application of ground based optical sensors (FAST-ID) for malaria early 
warning and research. The aims of this field trial were to 1. Build a library 

of recorded flight signatures for the principal mosquito species that vector 
malaria in western Kenya; 2. Demonstrate the capability to automatically 
identify malaria vectors using their flight signature; 3. Demonstrate the 
concept of sentinel huts; and 4. Demonstrate the capability to monitor 
vector behaviour in the field. A typical village hut in Lwanda, Kenya was 
fitted with the FAST-ID sensor system. Each wall was fitted with a FAST-ID 
sensor and IR light source to monitor mosquitoes, entering through the 
eave gaps, as they passed through a sensed area that ran the length of 
the wall. The FAST-ID unit, including an IR illuminator, was activated at 
sunset (about 1800 hours) and turned off at sunrise (about 0600 hours). 
Immediately after each FAST-ID unit (4 per hut) was shut down at sunrise, 
the digital flight recording was transferred to a laptop computer and a 
one hour search for resting mosquitoes in the hut was conducted by two 
persons. Illuminators were checked at the same time. Recordings in the 
village hut were undertaken every night for almost three weeks. Individual 
mosquitoes were recorded flying through the eaves on several different 
nights. This is the first report of unattended mosquito flight activity 
recording in a village hut.

586
The evidence of increasing level on susceptible 
to Pyrethroid of Aedes aegypti in Pang Mai Daeng 
Village in northern Thailand

Wannapa Suwonkerd1, Nantawan Suwannachote1, Thum 
Boonti1, Theeraphap Chareonviriyaphap2

1Office of Disease Prevention and Control, Ministry of Public Health, 
Chiang Mai, Thailand, 2Department of Entomology, Faculty of Agriculture, 
Kasetsart University, Bang Khen, Bangkok, Thailand

DDT was used for indoor residual spraying (IRS) to control malaria 
vectors in Thailand from 1949-1995. In 1995, DDT was terminated from 
the national malaria control programme with the favor of synthetic 
pyrethroids. The reason for this removal is unclear but are due mostly to 
public concerns of its adverse effects on the environmental and health 
issues. In spite of long term use of DDT, several anopheline mosquitoes 
remain physiological susceptible to DDT particularly the main malaria 
vectors in Thailand. In contrast, most Aedes aegypti populations 
from Thailand were found physiological resistant to DDT. In addition, 
resistance to other organophosphate and carbamate insecticides were 
also documented in those Ae. aegypti populations. Recently, Ae. aegypti 
was reported to resistant to pyrethroids ie. permethrin and deltamethrin. 
This may possibly due to the increase use of synthetic pyrethroids and/or 
cross-resistance. During 2001-2007, the susceptibility status of Ae. aegypti 
population from Pang Mai Deang District, Chaing Mai Province was 
monitored by the World Health Organization (WHO) standard susceptibility 
test kit. In this assay, the immature mosquitoes were collected from 
various containers inside the houses and reared to adults. Results revealed 
that Ae. aegypti adults demonstrated the increase in susceptibility level to 
permethrin with the mortality rate of 69.9 % in 1997 to 88%, 99% and 
100% in 2001, 2006 and 2007, respectively. Conversely, high resistance 
to DDT in Ae. aegypti during the period of observation (2001-2007) was 
documented. The reasons of these phenomena are discussed based on 
several factors, including the application of insecticides in both private and 
government sectors. Results of this study would be most benefit to the 
insecticide management for the vector control in the future.

587
Logistics of large scale larval Anopheles gambiae 
control: tracking insecticide application with 
digital technology  

M. N. Bayoh1, Allen Hightower2, Maurice Ombok1, Francis 
Mutuku1, Edward D. Walker3, John M. Vulule1, John E. Gimnig2

1Kenya Medical Research Institute, Kisumu, Kenya, 2Centers for Disease 
Control and Prevention, Atlanta, GA, United States, 3Michigan State 
University, East Lansing, MI, United States
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Attempts to control larval mosquitoes in habitats that are scattered across 
large rural landscapes are often hampered by the challenge of determining 
whether every patch of the landscape is visited by control teams. To 
address this operational issue, we employed personal digital assistants 
(PDAs) to record movement patterns and frequency of insecticide 
application by control teams during the course of an Anopheles gambiae 
larval control trial in western Kenya. The PDAs (Dell Axim X50 with Global 
Sat GPS) were configured with Navio Global Satellite and Position Tracker 
software and Visual CE data acquisition software. Locally hired individuals, 
each assigned a 2 x 2 km rural area for pump sprayer application of 
larvicide but with little or no experience in use of computers, were easily 
trained to utilize these devices during the course of their assigned weekly 
spray rounds, recording land area visited, amount of time on task, and 
amount of insecticide applied. The workers used the devices to create 
tracking files consisting of geographic co-ordinates and time intervals 
documenting movement patterns of each individual, which were dumped 
into Microsoft Access files for spatial display of data. This process allowed 
project managers to quantify effort of field teams and monitor quality 
control of their work.

588
Lights, camera, action: A method to study male 
Anopheles gambiae mating behavior in the field 

Nicholas C. Manoukis1, Abdoulaye Diabate1, Adama Dao2, 
Fuyuki Tokumasu1, Tovi Lehmann1

1National Institute of Allergy and Infectious Diseases/National Institutes of 
Health, Bethesda, MD, United States, 2MRTC/FMPOS, Bamako, Mali

The behavior of male mosquitoes is poorly understood and knowledge 
of the factors that determine male mating success is almost non existent. 
Understanding these is key to the success of mosquito control strategies 
based on the release of males (e.g. sterile male release and transgenics), 
but studies of male An. gambiae and their mating behavior are typically 
hard to conduct under field conditions. Problems include identifying 
swarm locations and how to perform noninvasive data collection. To date 
few studies have quantitatively addressed hypotheses relating to male 
swarms due to such factors. We present a video graphic and computer 
assisted method which can be used to analyze questions about male 
mosquito swarming behavior by tracking their movement in space. The 
system allows us to examine the movement of individual mosquitoes 
within a swarm in a two dimensional plane, enabling us to test novel 
hypotheses about mating behavior. Preliminary results of tests with other 
species are presented.

589
Laboratory Oviposition Responses of Aedes aegypti 
to Volatiles from Plant Infusions and Cultured 
Bacterial Isolates from Plant Infusions

Loganathan Ponnusamy, Coby Schal, Charles Apperson
North Carolina State University, Raleigh, NC, United States

Oviposition responses of gravid Aedes aegypti to native and sterile 
infusions made from the senescent leaves from white oak trees were 
evaluated in behavioral bioassays. Native infusions were significantly 
more attractive than sterilized infusions. Bacteria from bamboo and white 
oak leaf infusions were cultured in R2A medium. Bacterial species were 
purified and identified through sequencing of 16S rDNA PCR amplicons. 
The responses of gravid mosquitoes to bamboo bacterial isolates was 
evaluated in behavioral bioassays as single-species isolates and mixtures 
of species. Gravid females exhibited a significant response to bacterial 
cultures composed of a mixture of species. However, the response of 
gravid females varied markedly between single-species isolates with some 
isolates being highly attractive while other isolates were repellent.

590
Identification of Mosquito Proteins Involved in the 
Mosquito-Borne Flavivirus Lifecycle

Jonathan T. Cox1, John F. Anderson2, Erol Fikrig1

1Yale University, New Haven, CT, United States, 2Connecticut Agircultural 
Experiment Station, New Haven, CT, United States

Little is known about the specific interactions between pathogens and 
their vector hosts. We previously reported several common and unique 
proteins that are differential expressed during dengue virus and West 
Nile virus infection in the larval derived Aedes albopictus cell line, C6/36. 
Our analysis has expended to include a third flavivirus, Yellow Fever virus, 
allowing for the identification of common mosquito proteins which may 
play an important role in the replication of flavivirus from all three of 
the major mosquito-borne flavivirus clades. Two dimensional differential 
fluorescence gel electrophoresis was used to identify proteins that are 
differentially expressed during flavivirus infection. Further confirmation 
was obtained by RT-PCR in C6/36 cells and Ae. aegypti mosquitoes. We 
group these potential anti-flavivirus targets into one of two categories: 
antiviral vector proteins and pro-viral vector proteins. We are currently 
overexpressing specific transcriptional targets and using RNA interference 
against others in the C6/36 cell line and in Ae. aegypti mosquitoes. Our 
aim is to identify which of these differentially expressed proteins are 
essential for or help defend against flavivirus in mosquitoes by inhibiting 
viral replication and reducing transmission of dengue virus and West Nile 
virus from mosquitoes.

591
Complexities in the recognition and differentiation 
of vectors and non-vectors of malaria in 
southern Zambia

Douglas E. Norris1, E. A. Misiani2, Christen M. Fornadel1, Lizette 
L. Koekemoer2, Richard H. Hunt2, Maureen Coetzee2

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2National Institute for Communicable Diseases, Johannesburg, 
South Africa

Anopheles arabiensis and A. funestus are considered to be the primary 
vectors of Plasmodium falciparum malaria in the Southern Province of 
Zambia. In addition to these species, routine indoor spray catch, CDC 
light trap and human landing catch collections for mosquitoes reveal 
an array of anophelines that either are not known to be involved in 
malaria transmission or may be easily morphologically mistaken for these 
confirmed vectors of Plasmodium. These observations expose the dearth 
of knowledge concerning many anopheline species, their feeding behavior 
and their vector competence. Incorrect identification of “vectors” may 
lead to misdirection of limited control resources. As an example, our 
investigations of A. longipalpis, a non-vector species easily mistaken for A. 
funestus, has revealed a complex group of molecular types that may make 
the differentiation of vector and non-vector species even more complex.

592
Measuring the impact of unpredictable 
environments on mosquito vectors and 
implications for disease risk modeling

Constantianus J. Koenraadt, Hong Fei Gong, Laura C. 
Harrington
Cornell University, Ithaca, NY, United States

It is well known that the immature stages of mosquito vectors face many 
challenges during their development, such as continuously changing 
temperatures and ephemeral aquatic habitats. Most disease risk models, 
however, use development and survival data of mosquito vectors under 
constant temperature regimes, and water is often provided ad libitum. 
We investigated and compared how the variable environment of two 
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important disease vectors, the tropical dengue vector Aedes aegypti L. 
and the temperate West Nile vector Culex pipiens pipiens L., impacts 
development and survival. More specifically, we studied the impact of 
alternating temperature regimens by comparing their effects with those 
at constant temperatures. For rainfall, we investigated if immature 
populations of both species (eggs, larvae and pupae) are flushed out due 
to heavy rainfall. A rain simulator was used for these experiments. Egg 
rafts and pupae of Cx. p. pipiens were highly sensitive to heavy rainfall, 
whereas larvae of the same species, as well as the eggs, larvae and pupae 
of Ae. aegypti were not. Alternating temperatures affected development 
and survival of both species, but the effect (enhancing or detrimental) 
was different over the various temperatures tested. Mosquito population 
models that incorporate these new parameters will be presented and 
discussed.

593
Is vertebrate blood quality correlated with the 
host species specialization of African malaria 
vectors?

Heather Ferguson
University of Glasgow, Glasgow, United Kingdom

The Anopheles gambiae s.s. mosquitoes that transmit malaria in Africa 
can produce eggs from the blood of many vertebrate species but generally 
specialize on humans; a behaviour that makes them highly efficient 
vectors. The ecological and evolutionary factors that have led to this 
specialization are largely unknown, and identifying them may suggest 
novel methods for how this behaviour could be changed to reduce 
transmission. Here I tested one potential explanation for the specialization 
of An. gambiae: that human blood yields higher fitness benefits than 
obtained from blood of other host species readily available in their 
environment. Cohorts of An. gambiae were provided with human, cow, 
goat or chicken blood every four days until death by membrane feeder 
(n= 366), and their survival and total lifetime egg production compared. 
The hemoglobin content of chicken blood was higher than other hosts 
(F1,16=8.71, p<0.01), and mosquitoes consumed a greater mass of blood 
(as indexed by hematin excretion) from this species than others (p<0.01). 
Mosquitoes fed cow blood had the highest probability of producing at 
least one egg before death (2.7 times more likely than human blood, 
χ2=5.77, p=0.02). However, amongst mosquitoes that did produce eggs, 
the total number was highest on human blood (F3,78=7.84, p<0.01). The 
survival of mosquitoes fed human and chicken blood was similar; with 
these groups living an average of 3-4 days longer than those fed goat 
or cow blood. Goat-fed mosquitoes consistently had the poorest survival 
and reproduction. Overall An. gambiae that fed on human blood had 
high fitness, but their survival and reproduction did not consistently rank 
above mosquitoes fed on all other blood types. Thus while human blood 
may be a high quality resource for An. gambiae, it does not provide a 
unique benefit above all other readily available hosts that could account 
for specialization on people. Alternative hypotheses for host species 
specialization, including variation in defensive behaviour and availability, 
are currently being investigated in the field.

594
Future threat from vivax malaria in the United 
Kingdom

Steve W. Lindsay, D.G. Hole, Rob Hutchinson, Steven G. Willis
University of Durham, Durham City, United Kingdom

Malaria was common in the coastal marshes of southern England in the 
nineteenth century 1900s. Because of the increasing threat from new and 
emerging diseases, and the likelihood that climate change will expand 
areas suitable for transmission of vector borne diseases, we explored the 
likelihood of malaria returning to the United Kingdom. We generated 
climate-suitability maps for vivax malaria using a simple process-based 
model driven by temperature alone. The processed-based model was 

linked with future UKCIP02 climate change scenarios to generate future 
risk maps for malaria. Since Anopheles atroparvus, the historical vector 
of malaria, breeds largely in brackish water, we over-laid our climate 
suitability maps for malaria on areas of saltmarsh to demonstrate where 
both climate and habitat could support malaria. The process-based model 
showed excellent correspondence with the clinical data. Our climate-
suitability maps show that large areas of central and southern England 
could support malaria transmission now and increase in extent in the 
future. Places at greatest risk will be salt marshes lying within these areas. 
However, the real threat of disease transmission needs to be considered 
at the local level where data are woefully inadequate. Nonetheless on the 
available evidence, climate change is not considered a serious threat to 
increase the risk of vivax malaria returning to the U.K.

595
A predictive landscape model of Anopheles 
gambiae larval habitats in lowland western Kenya  

Francis Mutuku1, M.N. Bayoh1, John E. Gimnig2, John M. Vulule1, 
Jones M. Mueke3, Edward D. Walker4

1Kenya Medical Research Institute, Kisumu, Kenya, 2Centers for Disease 
Control and Prevention, Atlanta, GA, United States, 3Kenyatta University, 
Nairobi, Kenya, 4Michigan State University, East Lansing, MI, United States

A landscape model predicting habitat distribution for Anopheles gambiae 
larvae was developed from a supervised landcover classification of IKONOS 
satellite images and topographic data in a 10.34 sq. km area of rural, 
lowland western Kenya. The study area was divided into 12 x 12 meter 
cells, numbering 71,824. A reconnaissance of potential larval habitats 
in the area in 2006 revealed 1,198 of which 86% were occupied by 
Anopheles larvae (19,776 sampled quantitatively) including An. gambiae 
s.l. Only 1,120 (1.56%) of the 12 x 12 m cells contained habitats, thus a 
very small area of land was producing malaria vectors in this landscape. 
A logistic regression model was developed and verified using randomly 
chosen cells as sampling units. Explanatory independent variables included 
elevation (habitats were more common at lower elevations); landcover 
type (positive associations were with maize fields and wet, grassy fields); 
distance from stream beds (most [76%] larval habitats were within 200 
m of a stream); slope of land; and water flow accumulation. The model 
correctly predicted habitats to occur in 77.6% of randomly chosen cells, 
and correctly predicted habitats not to occur in 66.8 % of randomly 
chosen cells. A landscape model like this one could guide efforts to reduce 
sources of malaria vectors, and could inform other models of malaria risk 
relative to aggregated distribution of infectious bites. Current work aims 
to refine the model and to include other local Anopheles species.

596
Studies on insecticide usage pattern and resistance 
status of Anopheles gambiae s.s in the Ashanti 
Region of Ghana

Joseph B. Stiles-Ocran1, Michael D. Wilson1, Margaret T. 
Frempong2, Williams K. Owiredu2, Daniel A. Boakye1

1Noguchi Memorial Institute for Medical Research, Legon, Accra, Ghana, 
2Kwame Nkrumah University of Science and Technology, Kumasi, Ghana

Information on insecticide usage was obtained from seven localities in 
the Ashanti Region, Ghana in a questionnaire survey from September 
2004 to February 2006. Also, blood-fed Anopheles gambiae s.l. (for 
Plasmodium falciparum infectivity studies) and larvae (reared to adults 
in the laboratory for bioassays) were collected from the same localities 
during the same period. Susceptibility levels to some pyrethroid, 
organophosphate and organochlorine insecticides; were assayed using 
WHO-guidelines for testing adult mosquitoes. PCR was used to identify 
An. gambiae s.l. to species level, M and S molecular forms of An. gambiae 
s.s and the presence of the knockdown resistance (kdr) mutation. 330 
farmers, 9 Agric Extension Officers, 47 Agro-chemical Sellers, 468 
householders and 39 domestic insecticide sellers were enrolled into 
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the survey. The survey revealed high levels of agricultural insecticide 
application (49.7% Lambda-cyhalothrin-, 27.1% Endosulfan-, 12.5% 
Cypermethrin-, 7.3% Cyfluthrin-, 2.8% Deltamethrin-, 0.3% Bifenthrin-, 
0.3% Cypermethrin-Dimethoate-based; n=288). Domestic aerosols were 
found to contain various insecticides but insecticide coils were 100% 
D-Allethrin-based. Bioassay results revealed overall mortalities of 17% 
(DDT), 20% (Cyfluthrin), 42% (Permethrin), 48% (Lambda-cyhalothrin), 
65% (Propoxur), 75% (Deltamethrin), and 100% (Malathion). Except 
for Malathion, there was a high level of resistance in the An. gambiae 
populations to all the insecticides tested. The resistance levels correlated 
with the high insecticide usage at the study sites except for carbamate. All 
An. gambiae s.l. identified were An. gambiae s.s (96.8% S-form and 3.2% 
M-form; n=1734). The kdr allele was found in 86% of bioassay survivors 
indicating the kdr mechanism as the basis for the observed resistance. The 
kdr phenotypes were found only in the S-form. The overall P. falciparum 
infectivity rates were 0.083 for An. gambiae s.s S-form (n=1172) and 
0.031 for An. funestus s.s (n=32). None of the An. gambiae s.s M-form 
(n=50) was found to be infected.

597
Malaria transmission risk and irrigation in 
northern Ghana

Maxwell A. Appawu1, Samuel Dadzie1, Victor Asoala2, Francis 
Anto2, Kwadwo Koram1, William Rogers3, David J. Fryauff4

1Noguchi Medical Research Institute, Accra, Ghana, 2Navrongo Health 
Research Center, Navrongo, Ghana, 3United States Naval Medical Research 
Unit No. 3, Cairo, Egypt, 4Naval Medical Research Center, Silver Spring, 
MD, United States

Many governments in Africa have sought ways of improving food 
production by initiating large-scale irrigation projects, involving 
reclamation of semi-arid and arid areas for cultivation of crops. The 
introduction of irrigation has substantially prolonged the season during 
which adult malaria vectors can be found in areas with seasonal rainfall 
as mosquitoes have access to larval habitats perennially. In general, it 
has often been assumed that the prevalence of malaria increases in local 
communities following the development of irrigation and this has been a 
perennial subject of debate. However, contradictory results are reported 
on the effect of irrigation on malaria risk in Africa, however, the general 
trend seems to favor the belief that development of rice irrigation in 
Africa has seldom resulted in increased malaria transmission A recent 
study in northern Ghana has shown that prevalence of parasitaemia 
of children was greater among those residing in the irrigated area 
than the surrounding non-irrigated areas. We conducted concurrent 
entomological studies to determine the level of malaria transmission in 
some communities served by an irrigation system and the surrounding 
non-irrigated areas in the Kassena-Nankana district in the northern part of 
Ghana. Although the sporozoite rate in the irrigated area was lower than 
the non-irrigated area, the high biting rate in the irrigated area, gave a 
much higher annual entomological inoculation rate (EIR) of 629 than 277 
in the non-irrigated area. Factors contributing to the high risk of malaria 
transmission in the irrigated compared to the non-irrigated areas are 
discussed against those found in other parts of Africa.

598
Vector competence of selected Kenyan mosquito 
(Diptera: Culicidae) species for Rift Valley fever 
virus

Michael J. Turell1, John S. Lee1, Jason H. Richardson2, Rosemary 
C. Sang3, Elizabeth N. Kioko2, Maurice O. Agawo2, James Pecor4, 
Monica L. O’Guinn1

1United States Army Medical Research Institute for Infectious Diseases, 
Frederick, MD, United States, 2US Army Medical Research Unit, Nairobi, 
Kenya, 3Kenya Medical Research Institute, Nairobi, Kenya, 4Walter Reed 
Army Institute of Research, Washington, DC, United States

Rift Valley fever (RVF) continues to be a significant problem in Kenya 
as well as in Egypt, Yemen, and Saudi Arabia. Mosquitoes collected in 
the Lake Naivasha region of Kenya were evaluated for their potential to 
transmit RVF virus (RVFV) under laboratory conditions. After feeding on a 
hamster with a viremia of 109.7 plaque-forming units of virus/ml of blood, 
Culex zombaensis Theobald were highly susceptible to infection with 
RVFV, with 89% becoming infected. In contrast, Cx. quinquefasciatus Say 
that were fed on the same hamsters, were marginally susceptible, with 
only 20% becoming infected. Differences in percentages of mosquitoes 
that developed a disseminated infection were equally disparate, with 55 
and 8%, for Cx. zombaensis and Cx. quinquefasciatus, respectively. Forty-
eight percent of the Cx. zombaensis with a disseminated infection that fed 
on a susceptible hamster transmitted virus by bite, indicating a moderate 
salivary gland barrier. However, the presence of a salivary gland barrier 
could not be determined for Cx. quinquefasciatus because none of the 18 
mosquitoes that took a second blood meal had a disseminated infection. 
These studies illustrate the need to identify the ability of individual 
mosquito species to transmit RVFV so that correct decisions can be made 
concerning the application of appropriate control measures during an 
outbreak.

599
Temporal and spatial patterns of West Nile virus 
transmission in Saginaw County, Michigan, 2003-
2005: Evidence from mosquito pools, dead birds, 
and sentinel pheasants suggest human risk 
factors

Ting-Wu Chuang1, Randall G. Knepper2, William W. Stanuszek2, 
Edward D. Walker3, Mark L. Wilson1

1Department of Epidemiology, School of Public Health, University of 
Michigan, Ann Arbor, MI, United States, 2Saginaw County Mosquito 
Abatement Commission, Saginaw, MI, United States, 3Department of 
Microbiology and Molecular Genetics, Michigan State University, Lansing, 
MI, United States

West Nile virus (WNV) was first recognized in Michigan in 2002, where 
transmission has become endemic, with at least 711 human cases having 
been recognized. Michigan’s Saginaw County Mosquito Abatement 
Commission (SCMAC) has maintained a mosquito monitoring system 
since 1982, and began testing these mosquitoes for WNV infection in 
2002. We analyzed these data to identify how WNV transmission varies 
in time and space by integrating laboratory testing of mosquito pools, 
submitted dead birds, and sentinel pheasants. Mosquitoes were collected 
by New Jersey Light Traps at 22 sites during May-September, 2003-
2005. Specimen preparation and tests for WNV followed CDC guidelines 
using ≤25 mosquitoes in species-specific pools. Wild dead birds were 
reported by area residents and an oral swab was taken from each for 
virus testing. Sentinel pheasants were systematically bled each week for 
WNV antibodies. Standard, spatial and time-series statistical analyses were 
undertaken. Totals of 1,471, 2,308 and 704 mosquito pools were tested 
during 2003-2005, respectively. Aedes vexans was most abundant, but 
had a low minimum infection rate (MIR) (0.06-2.11) compared to less 
abundant Culex pipiens (1.75-4.66) and Cx. restuans (1.22-15.63). Annual 
average wild dead bird infection was 27.5% (11/40), 46.5% (59/127), 
and 49.2% (31/63) during 2003-2005, respectively. Positive Crows 
appeared earlier than Blue Jays, but incidence for both species peaked 
around mid-August. Spatial clusters were found in different locations each 
year. Sentinel pheasant incidence was 6.6% (33/502), 7.5% (21/279), 
and 2.7% (9/330) during the same period. Different analyses of time-
lagged variability in mosquito abundance during 1989-2005, in relation 
to precipitation and temperature in that period, showed significant 
associations with species-specific mosquito abundances. The high WNV 
infection incidence among mosquitoes and wild birds demonstrates 
significant transmission. Both Cx. pipiens and Cx. restuans appear to be 
important vectors. Our results suggest that transmission to people may be 
limited by spatial and/or behavioral factors, and that risk varies within the 
transmission season and over years.
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A modified Y-tube olfactometer to investigate the 
host density-dependent behavioral response of 
mosquitoes

Ivo M. Foppa1, Richard G. Vogt2
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Carolina, Columbia, SC, United States

The ratio between host-seeking mosquitoes and hosts is a critical 
parameter of mosquito-borne transmission because it affects the number 
of mosquitoes that will become infected by an infectious host. Host-
seeking behavior in mosquitoes is, at least partly, odor mediated. As 
host odor intensity is a function of host density, the behavioral response 
of mosquitoes to simultaneous presentation of two odor intensities has 
potentially important epidemiological implications. We will present results 
of a series of experiments in which we investigate the behavioral response 
of female Culex pipiens mosquitoes to simultaneous presentation of two 
host odor concentrations. We use the prototype of a modified Y-tube 
olfactometer that uses live chicks as odor source and discuss potential 
future applications of this experimental setup.

601
Mosquito and Biting Midge Midgut Structures and 
Processes that May Affect Arbovirus Infection and 
Dissemination

William S. Romoser1, Marco Neira2, Renato Leon3, Lisa A. 
Patrican4, William K. Reisen5

1College of Osteopathic Medicine, Tropical Disease Institute, Athens, OH, 
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3College of Health Sciences, Universidad San Francisco de Quito, Quito, 
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University, Ithaca, NY, United States, 5Arbovirus Field Station, Center for 
Vector Borne Disease, University of California, Bakersfield, CA, United 
States

Females of several species of mosquitoes (Diptera: Culicidae) and 
biting midges (Diptera: Ceratopogonidae) are competent to transmit 
arboviruses to vertebrate hosts following ingestion of a viremic blood 
meal, infection of midgut epithelial cells, dissemination of virus into 
the hemocoel, and finally infection of the salivary glands. Based on 
histological and immunocytochemical studies, we propose three midgut 
structures/processes which may influence arbovirus midgut infection and 
dissemination: (1) the formation and persistence of a remnant of the non-
cellular larval foregut intima (LIR) at the foregut-midgut junction in several 
mosquito species and the biting midge, Culicoides varipennis; (2) early 
events in the formation of the non-cellular peritrophic matrix (PM); and 
(3) midgut cell sloughing into the lumen. Each of these, while perhaps not 
completely blocking virus, is likely to influence which midgut cells become 
infected and to what extent. The LIR and early-formed layers of PM may 
act as physical barriers relative to the midgut cell membrane surfaces. The 
LIR is located in the proventriculus and could influence virus contact with 
the cardial epithelium. This is the first report of a LIR in biting midges. 
The idea of PM acting as a physical barrier to arbovirus infection has been 
challenged on the basis that its formation is not complete until long after 
virus would have engaged receptors on the midgut cell surfaces. However, 
histological studies, e.g. of Aedes triseriatus (Diptera: Culicidae), have 
revealed a well-defined layer of PM, perhaps not completely formed, but a 
distinct layer none-the-less, in the region of the anterior-posterior midgut 
junction and in the region of the pyloric valve. By removing infected cells 
from contact with the rest of the midgut epithelium, cell sloughing may 
have a modulating influence on midgut cell infection and the rate of cell 
sloughing may very between mosquito strains and species.

602
Effects of landscape patterns and bird community 
composition on West Nile virus transmission 
patterns in CT

Maria Diuk-Wasser1, Goudarz Molaei2, Anna Milkowski1, Heidi 
Brown1, Theodore Andreadis2, Durland Fish1
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Experiment Station, New Haven, CT, United States

The intensity of West Nile virus (WNV) transmission is highly variable 
within and among urban areas in southwestern CT. The most important 
enzootic vector for WNV in the northeastern US is Culex pipiens, an 
urban/suburban mosquito that feeds predominantly on birds, especially 
the American robin. We examined whether differences in Cx. pipiens 
infection rates were associated with certain landscape patterns, the 
abundance of reservoir-competent bird species, and bird diversity in 21 
sites in CT. We found that the best fitting negative binomial regression 
model included mosquito abundance, three landscape metrics (number 
and shape of commercial patches and patch diversity), and the proportion 
of three bird species (European starlings, Mourning doves and Gray 
catbirds). In addition, in a subset of four sites, we examined the degree 
of host specialization of Cx. pipiens by comparing the proportion of Cx. 
pipiens blood meals from a particular bird host with the proportion of 
that host in the bird community. We found that Cx pipiens preferentially 
fed on American robins and that the preference was higher in the most 
urbanized sites, where the proportion of robins was actually lower. Our 
research showed that landscape and bird community are highly predictive 
of Cx. pipiens infection rates and should therefore be included in models 
estimating entomological risk. The finding that landscape patterns may 
affect the degree of Cx. pipiens host specialization may have important 
implications for WNV transmission dynamics and merits further study.

603
Comparative Clusters of Orthologous Gene 
Analysis of Babesia, Plasmodium and Theileria  

Audrey O. Lau
Washington State University, Pullman, WA, United States

At 8.2 Mb, Babesia bovis has one of the smallest apicomplexan genome 
sequenced to date. Structural features of the B. bovis and Theileria parva 
genomes are remarkably similar, and extensive synteny is present. In 
contrast, B. bovis and Plasmodium falciparum have major differences in 
genome size, chromosome number, and gene complement. Similarity 
clustering using the predicted proteomes of B. bovis, T. parva and P. 
falciparum created 1,945 three-way Clusters of Orthologous Groups 
(COGs). The data were then used to search for B. bovis orthologs of 
proteins that have been characterized in T. parva and P. falciparum as 
targets of protective immune responses, as well as those that play a 
role in stage-specific parasite biology. Many P. falciparum sexual stage-
specific genes do not share Jf-COGs with T. parva or B. bovis. Likewise, P. 
falciparum sporozoite genes that are expressed initially in the mosquito 
also do not cluster with T. parva or B. bovis.  Large blocks of synteny are 
evident between B. bovis and T. parva chromosomes although synteny 
rarely extends to telomeres. At a gross level B. bovis chromosomes 2 and 4 
primarily consist of sections of T. parva chromosome 4 and 2, and 3 and 1, 
respectively. B. bovis chromosome 3 contains sections from all four T. parva 
chromosomes, while B. bovis chromosome 1 contains DNA from T. parva 
chromosomes 3, 1 and 2. Closer examination of syntenic blocks indicates 
that inversions in gene order have also taken place. The completion of the 
Babesia bovis genome project allows for a detailed comparison between 
Plasmodium and Theileria. Findings generated from this study will aid our 
understanding in mechanisms of antigenic variation employed by these 
organisms and in identifying targets for chemotherapies.
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ON ACUTE AND CHRONIC TOXOPLASMOSIS
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Acute and chronic Toxoplasma infections were assessed in mice using 
stage-specific antibodies and immunocytochemistry. The effects of 
pyrimethamine and artesunate treatment were investigated at various 
time points post-drug administration. During acute toxoplasmosis, in 
the untreated toxoplasmosis group, tachyzoites were initially identified 
on the surfaces of the liver and spleen. There was a rapid increase in 
the number of tachyzoites associated with invasion of the liver from the 
surrounding connective tissue, resulting in formation of inflammatory 
lesions containing increasing numbers of tachyzoites. Similar increases 
in tachyzoites were also observed within the spleen. In contrast, only a 
few individual tachyzoites were seen in the brain at the final time point. 
Similar results were observed in the artesunate treated group although 
the mice survived 3 days longer. In contrast in the pyrimethamine treated 
group, only a few parasites were observed at the first time point post-
infection; thereafter, no parasites were observed and all mice survived. 
Pyrimethamine was very effective in treating acute toxoplasmosis, even 
when a virulent parasite strain was used. In chronic infections, the brains 
of the untreated group contained an average of 310 ± 2.06 tissue cysts 
with an average size 45.85 ± 12.08 µm. No significant differences in either 
number or size of tissue cysts were found in the brains of mice treated 
with pyrimethamine or artesunate. This study showed that pyrimethamine 
and artesunate were ineffective against tissue cysts in mouse brains. 
Double immunocytochemical labelling confirmed the exclusive presence 
of tachyzoites during the acute phase, and bradyzoites during the chronic 
phase.
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Characterisation of the effects of pentamidine-
derivatives in Neospora caninum- and Toxoplasma 
gondii-infected cell cultures  
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Pentamidines have a long-standing history as anti-trypanosomal, anti-
leishmanial and anti-malarial drugs. In this study, we report on the effects 
of a series of pentamidine-derivatives against the apicomplexan parasite 
Neospora caninum and Toxoplasma gondii. For this, HFF monolayers 
were infected with tachyzoites, at 1 h p.i. drugs were added once at 
concentrations of 0.05 µg/ml, and proliferation of tachyzoites was 
measured by real-time PCR at day 3 p.i.. Of 20 pentamidines tested, the 
best efficacies against N. caninum were noted for DB768 and DB750 
(IC50 between 0.150 and 0.237µM), with maximal proliferation inhibition 
at 1.5 µM. These two drugs were chosen for further studies. Tachyzoite 
proliferation was also stopped when treatments were initiated at days 
2 or 3 p.i.. At 1.5 µM, a treatment duration of 24 h was suifficient 
to exert a true parasitocidal effect. Electron microscopy of treated 
infected cultures revealed distinct alterations in parasite ultrastructure 
including vacuole formation, electron-dense cytoplasmic inclusions and 
membrane stacks, distortion of the PV tubular network, and lipid droplet 
formation. Pentamidines acted exclusively upon intracellular parasites, 
since pretreatment of tachyzoites for 1 hour had no effect on infectivity. 
Treatments of uninfected HFF with DB768 and DB750 did affect host 
cell proliferation/viability. However, 24 hour-pretreatment of uninfected 

HFF monolayers with both drugs, followed by infection with N. caninum 
tachyzoites and subsequent culture, resulted in complete inhibition of 
parasite prolfieration for a period of 2-3 days. This suggests that either 
these compounds or respective active metabolites were still present after 
removal of the drugs, or that drug treatments impaired some functional 
activities in HFF, which were essential for parasite survival. Since the effects 
seen upon pretreatment of host cells suggest an involvement of the host 
cell, the respective targets must be identified. DB750 has been coupled to 
epoxy-agarose, and affinity chromatography using parasite extracts and/or 
HFF lysates is being performed in order to identify pentamidine-binding 
proteins, and thus potentially novel pentamidine drug targets.
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Effectiveness of a riboflavin and light based 
Pathogen Reduction Technology (PRT) system to 
eliminate Babesia microti from Apheresis Platelets 
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Babesia microti is an intraerythrocytic parasite transmitted naturally 
to vertebrate hosts by ixodid ticks. In recent years, B. microti has also 
emerged as a critical blood safety issue, with > 60 cases of transfusion-
transmission reported, but appropriate interventions are lacking. As a 
result, we evaluated the ability of Mirasol PRT system, developed by 
Navigant Biotechnologies, to reduce the presence of B. microti in apheresis 
plasma and platelets. In this study, apheresis plasma and platelets 
units were spiked with high titer B. microti-infected hamster blood. 
Subsequently, riboflavin was added to the infected plasma and platelet 
units and illuminated with 6.24 J/ml of ultraviolet light. Various samples 
were collected at different stages during the Mirasol PRT treatment 
protocol: a positive control (after injection of parasite), a riboflavin 
control (after injection of the riboflavin into the infected unit, but before 
illumination) and test sample (after illumination). Also, sample aliquots 
were stored at appropriate condition (5 days at 22-24°C for the platelets 
and 7 days at -20°C for the plasma) for later evaluation. To detect the 
presence of viable parasites, each sample was injected into groups of 6 
hamsters. Four weeks post-inoculation, hamster blood was tested for B. 
microti infection by blood smear and real time PCR (RT-PCR) analysis. To 
date, we tested two units of plasma in separate experiments and one 
unit of platelet concentrate. Plasma positive controls showed over 90% 
parasitemia by blood smear while the parasite was not detectable in the 
blood smears of the hamsters receiving treated samples. By RT-PCR, one 
treated unit was negative while the second one showed a 5 log reduction 
in parasite load. The platelets unit tested gave similar result, with negative 
blood smears and a 4 log reduction by RT-PCR in the treated sample. 
Freezing of samples and the presence of riboflavin in the absence of UV 
light activation also had pronounced negative effects on parasite viability. 
The data indicate that use of riboflavin and ultraviolet light has the 
potential to greatly reduce the risk of transfusion-transmitted B. microti 
from plasma and platelets. This ability may be conferred in part by a direct 
inactivation of Babesia parasites by riboflavin alone. Given the absence 
of B. microti screening of the blood supply, this process represents an 
efficient option for improving blood safety.

(ACMCIP Abstract)
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The proinflammatory cytokine expressions were 
suppressed by TLR2 in macrophages treated with 
Toxoplasma gondii lysate

Myoung-Hee Ahn
Hanyang University College of Medicine, Seoul, Republic of Korea

Toll like receptors (TLRs) are important transmembrane molecules for 
recognition and signaling in the immune system. TLRs are capable of 
recognizing wide range of organisms from bacteria virus, fungi, and 
protozoa. Toxoplasma gondii is an intracellular protozoan parasite and 
infection of this parasite is in world wide distributed. The infection was 
mediated by an inflammatory response which IL-12 dependent IFN-γ 
plays a crucial role. However, little is known about how TLRs mediate 
innate immunity to eukaryptic pathogens including T. gondii. In this study, 
we evaluated that interactions between the TLR2 and T. gondii lysate 
mediated NF-kB activation and the induction of cytokine mRNA and 
protein expression were studied. THP-1 cells, HEK293 cells were cultured 
in culture plates with RPMI1640/10% FBS at 37°C, 5% CO2 conditions. 
In 96 well plates, THP-1 cells (1x105 cells/well) were cultured with LPS (10 
μg/ml) or T. gondii lysate (50 μg/ml) for 24 h or 48 h. The supernatant was 
collected and measured IL-12, IL-10 by ELISA. T. gondii lysate inhibits LPS- 
induced IL-12 and IL-10 productions via TLR2. Neutralization experiments 
with Abs blocking TLR2 demonstrate that this receptor plays a critical role 
in the signal transduction pathway induced by T. gondii. HEK293 cells 
were transiently transfected with the NF-kB luciferase, MyD88, pCH110 
plasmid DNA and expression plasmids for human TLR2, TLR4 or empty 
control vector. At 24 h following transfection, cells were challenged with 
10μg of LPS and/or T. gondii lysate for a futher 24h. The cells were then 
lysed and luciferase reporter levels measured using the Dual-Luciferase 
System (Promega). T. gondii lysate trigger NF-kB dependent expression 
of IL-8 in HEK293 cells transfection with TLR2. We observed that the 
expression of TNF-α mRNA was increased with LPS treatment and 
suppressed with T. gondii lysate by RT-PCR. Through transfection studies 
and the use of blocking monoclonal anti-TLR2 and anti-TLR4 Abs, we have 
found that T. gondii lysate induced the suppressions of IL-12 TNF-a, IL-10 
expression and increase of IL-8 via TLR2 and NF-kB activation.

(ACMCIP Abstract)

608
Immunosuppression of Mice after Intraperitoneal 
or Gastroduodenal Injection with a Virulent 
Toxoplasma gondii Korean Isolate (KI-1)

Jong-Yil Chai, Hyo-Jin Kim, Jo Woon Yi Lee, Jin-Ju Lee, Eun-Hee 
Shin
Seoul National University College of Medicine, Seoul, Republic of Korea

Toxoplasma gondii KI-1 tachyzoites were isolated from blood of an ocular 
patient in the Republic of Korea, and have been successfully passaged 
in the laboratory. The morphology, pathogenicity, infectivity, and genetic 
and cell culture characteristics of KI-1 were similar to those of RH strain. 
In the present study, BALB/c mice were infected intraperitoneally with 103 
tachyzoites, or gastroduodenally with 106 tachyzoites of KI-1, and host 
immune responses were compared according to the two infection routes. 
The gastroduodenal infection was done using a slender tube inserted into 
the duodenum of mice, and found successful by confirming the parasite 
B1 and SAG1 gene expressions in visceral organs of mice. Survival of mice, 
proliferation of T cells (CD4+ and CD8+ cells), NK cells, and macrophages 
among the spleen and mesenteric lymph node cells, cytokine signals in 
the tissues, and cytokine production in vitro were examined. Survival of 
gastroduodenally infected mice was longer than that of intraperitoneally 
infected mice. However, in both groups, NK cells, macrophages, and 
CD4+/CD8+ T cells were unchanged during the 9 days of experimental 
period, and CD8+ T cells were only slightly increased on day 9 post-
infection. INF-γ and TNF-α signals were unchanged in the tissues of 

both groups. In vitro IFN-γ and IL-12 productions were also unchanged. 
Tachyzoite infection by either route induced immune suppression of mice 
on the basis of no responses of the spleen and mesenteric lymph node 
cells to Con A stimulation. The infected mice in both groups eventually 
died. Our results show that KI-1 tachyzoites induce immune suppression of 
BALB/c mice during the early stage of infection regardless of the infection 
routes.

(ACMCIP Abstract)

609
Serum Antibody Responses to Cp27, an 
immunodominant Cryptosporidium spp. antigen 
in Bangladeshi Children with Diarrhea and 
Cryptosporidiosis 

Anoli J. Borad1, Geneve Allison1, Wasif A. Khan2, Anne V. Kane1, 
Kathleen Rogers1, Mohammad M. Karim2, Sabeena Ahmed2, 
Patricia L. Hibberd1, Stephen B. Calderwood3, Edward T. Ryan3, 
Honorine D. Ward1

1Tufts-New England Medical Center, Boston, MA, United States, 
2International Centre for Diarrheal Disease Research, Dhaka, Bangladesh, 
3Massachusetts General Hospital, Boston, MA, United States

Cryptosporidium spp. are a significant cause of diarrheal disease 
worldwide. In children in developing countries, cryptosporidial infection 
under the age of 2 years may result in persistent diarrhea as well as 
subsequent delays in physical and cognitive development. Currently 
there is no vaccine available for cryptosporidiosis. Cp27 is a 27 kDa 
immunodominant Cryptosporidium surface antigen that induces protective 
immune responses in animal models of cryptosporidiosis and is a putative 
vaccine candidate. The aim of this study was to investigate immune 
responses to this antigen in Bangladeshi children with cryptosporidiosis. 
This study is part of a prospective case-control study of children under 
age 5 years who presented with diarrhea to the ICDDR, B. Children 
with Cryptosporidium spp. detected in the stool by PCR (cases) and age-
matched children with diarrhea but no Cryptosporidium spp. detected 
in the stool by PCR (controls) were studied. Sera were analyzed from 49 
cases and 40 controls at initial presentation and from 33 cases and 17 
controls at follow up 21 days later. Serum IgG, IgA, and IgM levels were 
measured by ELISA using recombinant (r) Cp27 as antigen. Serum IgA 
(p=0.0258) and IgM (p<0.0001) levels to Cp27 were significantly higher in 
cases compared to controls at presentation. Also, there was a significant 
increase in serum IgG (p<0.0001), IgA (p<0.0001), and IgM (p=0.0056) 
levels to Cp27 from the initial to the follow up time points in cases but 
there was no significant increase in controls. The results of this study 
indicate that Cryptosporidium-infected children develop an increase in IgG, 
IgA, and IgM levels to Cp27 over time and support development of this 
antigen as a putative vaccine candidate.

(ACMCIP Abstract)

610
Osteoprotegerin (OPG) protects Cryptosporidium 
against death induced by TRAIL (TNF-related 
apoptosis-inducing ligand)

Alejandro Castellanos1, Linda S. Yancey2, Heuy-Ching Wang2, 
Birte Pantenburg1, Kathleen R. Liscum2, Dorothy E. Lewis2, A. 
Clinton White Jr.1

1University of Texas Medical Branch, Galveston, TX, United States, 2Baylor 
College of Medicine, Houston, TX, United States

Cryptosporidiosis is caused by protozoan parasites that infect human 
intestinal epithelial cells. The mechanisms by which parasites are cleared 
and the mechanisms used by the parasites to evade the host response are 
poorly understood. Previously our group has shown that Cryptosporidium 
infection induces the up-regulation of the Osteoprotegerin (OPG), which is 
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a member of the TNFR family that functions as soluble decoy receptor and 
known TNF family ligands include TNF-related apoptosis-inducing ligand 
(TRAIL) and TNF-related activation-inducing cytokine (TRANCE), both of 
which have been implicated in host defenses. Since TRAIL is an important 
ligand for OPG, we reasoned that OPG might promote parasite survival by 
antagonizing an anti-apoptotic effect of TRAIL. We found that Treatment 
of infected cells with TRAIL induced epithelial cell apoptosis and reduced 
parasite numbers around 50%. By contrast addition of recombinant 
OPG blocked these effects. These results suggest a novel TRAIL-mediated 
pathway for elimination of Cryptosporidium infection and a role for OPG 
in modulating this host response.

611
A Role for Amino Acids 212KLR214 of Ebola Virus VP40 
in Assembly and Budding

Sarah E. McCarthy, Reed F. Johnson, Ronald N. Harty
University of Pennsylvania, Philadelphia, PA, United States

The Ebola virus matrix protein VP40 is the most abundant viral protein 
found in virions and is able to produce virus-like particles (VLPs) in the 
absence of other viral proteins. Similar to other RNA viruses, VP40 is 
thought to contain three domains which facilitate budding from the 
plasma membrane: the late (L) domain, the membrane (M) association 
domain, and the self-interacting (I) domain. While the L-domain of Ebola 
VP40 has been well characterized, the exact mechanism by which VP40 
mediates budding through the M and I domains remains unclear. Based 
upon the previously published crystal structure of VP40, we targeted 
amino acids 212KLR214 for mutagenesis since Lys212 and Arg214 are part of 
an exposed region in the C-terminal domain and are potentially important 
for overall structure and/or oligomerization of VP40. To determine if 
these residues were important for VLP budding and VP40 function, a 
series of alanine substitutions were generated in the 212KLR214 region of 
VP40, and these mutants were examined for VLP budding, intracellular 
localization, membrane association, and oligomerization. We found that 
the 212KLR214 residues of VP40 are critical for efficient release of VP40 
VLPs, with Leu213 being most important. In addition, VP40 KLR mutants 
displayed altered patterns of cellular localization compared to that of wild-
type VP40 and self-assembly of VP40 KLR mutants into oligomers was 
also altered compared to that of wild-type VP40. Interestingly, the KLR 
mutants retaining the Leu213 displayed localization and oligomerization 
patterns that were similar to that of wild-type VP40 while the mutants 
lacking Leu213 were significantly different from wild-type VP40. These 
results suggest that the 212KLR214 residues of VP40, particularly Leu213, 
are important for proper assembly/oligomerization of VP40 which 
subsequently leads to efficient budding of VLPs.

612
Crimean-Congo hemorrhagic fever virus encodes 
an NSM protein

Louis A. Altamura1, Jose Stubbs1, Connie S. Schmaljohn2, Robert 
W. Doms1

1University of Pennsylvania, Philadelphia, PA, United States, 2United States 
Army Medical Research Institute for Infectious Diseases, Fort Detrick, 
Frederick, MD, United States

The medium (M) RNA segment of Crimean-Congo hemorrhagic fever 
virus encodes a relatively large (225 kDa) polytopic membrane protein 
that undergoes extensive processing by cellular proteases to yield not only 
the GN (37 kDa) and GC (75 kDa) envelope glycoproteins found in virions, 
but also several nonstructural proteins that are derived from N-terminal 
cleavage of the GN precursor. Recently, we found that the GN precursor 
also undergoes C-terminal cleavage in the region of its second predicted 
transmembrane domain. Using a polyclonal antiserum specific to the 
cytoplasmic loop preceding the signal sequence of the GC precursor, we 
identified a novel 15 kDa protein derived from transiently expressed M 
polyproteins of several CCHFV strains. We also confirmed the presence 

of this species in lysates of cells infected with the IbAr10200 strain of 
CCHFV. This protein was not detected in lysates of semi-purified virions, 
and so we have named it NSM by analogy to the similarly positioned and 
topologically identical nonstructural protein found in the M polyproteins of 
orthobunyaviruses. Currently, we are attempting to identify the protease(s) 
responsible for generation of NSM, as well as characterizing its intracellular 
trafficking within cells and its interactions with viral and cellular factors. 
We have found that small proteins comprising only the GN-NSM junction 
and some flanking regions can be efficiently cleaved both in transfected 
cells and in rabbit reticulocyte lysates in the presence of microsomal 
membranes, thereby providing a convenient system for identifying the 
protease in vitro. Preliminary immunofluorescence microscopy studies with 
epitope-tagged NSM proteins in the context of full length M polyproteins 
suggest that the NSM traffics to a perinuclear region, possibly the Golgi. 
Accumulation in the Golgi compartment may implicate the NSM in 
glycoprotein trafficking and/or CCHFV morphogenesis. Indeed, we find 
that NSM coprecipitates with GN and GC in mammalian cells. Finally, we 
have begun to develop systems to identify novel interactions of the NSM 
with both viral and cellular proteins.

613
Infectious Clones of Chikungunya Virus (La Réunion 
Isolate) for Vector Competence Studies

Konstantin A. Tsetsarkin, Dana L. Vanlandingham, Charles E. 
McGee, Stephen Higgs
University of Texas Medical Branch, Galveston, TX, United States

The ongoing outbreak of Chikungunya virus (CHIKV) on several islands 
in the Indian Ocean and in India, and the importation of numerous 
cases into Europe and the United States has focused attention on this 
reemerging virus and highlighted the need for the development of new 
tools to study vector-virus-host interactions. Infectious cDNA clones of 
CHIKV using a recent isolate from La Réunion Island (LR2006 OPY1), were 
constructed and characterized in vitro, and in Aedes aegypti and Ae. 
albopictus mosquitoes. Comparison of the growth kinetics and infection 
rates of the viral isolate CHIKV strain LR2006 OPY1 (CHIKV-LR) and a full-
length infectious clone (CHIKV-LR ic) indicate that the infectious clone 
retained the original viral phenotypes. Infectious clones that express 
green fluorescent protein (GFP) were also produced and characterized in 
cell culture and in Aedes mosquitoes. The CHIKV-LR 5’GFP infected Ae. 
aegypti and Ae. albopictus mosquitoes at a similar rate to the parent virus 
and to the full length infectious clone. The CHIKV-LR 3’GFP only infected 
Ae. albopictus mosquitoes at similar rates. To investigate the molecular 
basis of the recent outbreak, specific mutations have been introduced 
into the CHIKV-LR ic. Comparative studies to determine the capacity of 
these mutant viruses to replicate in vitro, and to infect and disseminate in 
mosquitoes are ongoing. The epidemiological significance of our findings 
will be discussed.

(ACMCIP Abstract)

614
Monkeypox: Ecological and Laboratory 
Investigations of Host-Virus Dynamics

Darin S. Carroll, Christina L. Hutson, Joshua S. Self, Victoria A. 
Olson, Mary G. Reynolds, Jason A. Abel, Russell L. Regnery, Inger 
K. Damon
Centers for Disease Control and Prevention, Atlanta, GA, United States

Over the past several years several examples of human infection with 
strains of Orthopoxvirus monkeypox has garnered significant academic 
and political attention due to the emergence of monkeypox as a 
public health threat. Current concerns stem from waning immunity to 
monkeypox conferred from smallpox vaccinations, an increase in the 
number of individuals with compromised immune systems, and a paucity 
of data regarding this historically problematic disease. This presentation 



176

www.astmh.org

will provide an update on the current state of knowledge regarding the 
ecological factors contributing to the primary transmission events (i.e., 
non-human species to human) within the native geographic range of this 
viral species. The early recognition of the zoonotic nature of this disease 
led to the inclusion of ecological investigations as a component of even 
the earliest recognized outbreaks of human disease in Africa. Subsequent 
to most of these investigations, several laboratory studies have been 
conducted with the primary goal of identifying animal models to facilitate 
the development of treatments and prophylaxis. These laboratory data, 
obtained from our recent studies as well as from historical literature, 
combined with those obtained from the early and recent ecological 
investigations, taken together offer insight into the poorly understood 
dynamics of the monkeypox host-virus relationship.

615
A Phylogenetic Analysis of South American Eastern 
Equine Encephalitis Virus

Nicole C. Arrigo, Douglas M. Watts, Scott C. Weaver
University of Texas Medical Branch, Galveston, TX, United States

Eastern equine encephalitis virus (EEEV) is an arbovirus belonging to 
one of seven antigenic complexes of the Alphavirus genus, family 
Togaviridae. The EEE complex is further divided into four distinct genetic 
and antigenic lineages: Lineage I circulating in North America and lineages 
II-IV circulating in Central and South America. Previous phylogenetic 
analyses demonstrated the highly conserved monophyletic nature of 
North American (NA) EEEV with clustering primarily by year of isolation. 
Alternatively, a less robust analysis including only small regions of the 
NSP4, E2 and 3’ untranslated region sequences of South American (SA) 
EEEV resulted in considerable diversity and no clear pattern of evolution. 
This difference in genetic conservation between NA and SA EEEV may be 
the result of variations in their enzootic transmission cycles and adaptation 
to different vertebrate hosts. However, while the enzootic transmission 
cycle of NA EEEV is well-described and primarily involves the Culiseta 
melanura mosquito vector and passerine birds in hardwood swamp 
habitats, that of SA EEEV remains unclear and a particular amplifying host 
has not yet been implicated. Limited ecologic and genomic information for 
SA EEEV constrains assumptions regarding the evolutionary relationships 
among and between members of each lineage and the transmission of 
EEEV in Central and South America. Therefore, sequences of all available 
SA EEEV isolates spanning a diverse geographical and temporal spectrum 
were expanded and included in a phylogenetic analysis. Multiple methods 
were used to analyze both nucleotide and amino acid sequences and 
the resultant phylogenies confirmed the diversity among and within 
the multiple SA EEEV lineages with robust bootstrap values for many 
geographic clusters of genetically-conserved isolates. This pattern of 
evolution supports the local use of ground-dwelling amplifying hosts with 
limited dispersal in the enzootic transmission of SA EEEV, however a few 
strong relationships between geographically-distant isolates suggest that 
avian species could play an important role in dispersal of the virus.

616
Genetic diversity and positive selection in Eastern 
equine encephalitis virus

Orchid M. Allicock1, Albert J. Auguste1, Eleca J. Dunham2, Oliver 
G. Pybus3, Edward C. Holmes2, Christine V. Carrington1

1University of the West Indies, St. Augustine, Trinidad and Tobago, 
2Pennsylvania State University, State College, PA, United States, 3University 
of Oxford, Oxford, United Kingdom

We used the skyline plot from the BEAST program (Drummond & 
Rambaut, 2003) to infer the demographic histories of Eastern equine 
encephalitis virus (EEEV) in North and South America from previously 
published sequences, and the REL method available at the Datamonkey 
web facility (Pond & Frost 2005) to check for positive selection. For North 
America, data sets of both full and partial structural polyprotein genes 

were used. For South America analyses were based on partial E2 and nsP4 
sequences. All sequences were confirmed as non-recombinant. Results for 
North American EEEV indicated that the level of genetic diversity remained 
constant from 1933 (when the most recent common ancestor is estimated 
to have existed) to about 1982 when there was an exponential increase in 
the number of lineages lasting up to 1990. This was followed by another 
constant phase. The increase in genetic diversity may not reflect changes 
in viral population size since we detected positive selection in E2 (A29T/P 
and R66S) and E1 (G403A). In the case of the sites in E2 both the ancestral 
and derived states were found in isolates sampled before and after the 
exponential phase. In contrast, with the exception of a single isolate from 
1950, the G to A change in E1 was only seen in isolates sampled after 
1990. The skyline plot for South American isolates suggested a constant 
level of genetic diversity, however, the highest posterior density intervals 
were large and analyses using constant, exponential and logistic models 
of population growth indicated that none of these was favored. There 
was weak evidence for positive selection at position 383 in E2 (I/V to T), 
a site that showed no variation (V only) in North American isolates. The 
relevance of the various amino acid changes (if any) is unclear, particularly 
since the R (+ve) to S (no charge) change is the only non-conservative 
one. However, a single amino acid change in E2 of Venezuelan equine 
encephalitis virus (a close relative of EEEV) from an uncharged to positively 
charged residue has been shown to confer increased virulence.

617
Genotype Shift and Reemergence of Chikungunya in 
India

Paban K. Dash, Manmohan Parida, S.R. Santhosh, N.K. Tripathi, 
A. Srivastava, Parag Saxena, Nimesh Gupta, S.K. Verma, P.V. 
Lakshmana Rao
Defence Research and Development Establishment, Gwalior, India

Chikungunya is an emerging arboviral infection of immense public health 
significance. An unprecedented Chikungunya epidemic was reported 
from many parts of India in 2006. We report a detailed serological, 
virological and molecular investigation of this epidemic by collecting 585 
clinical samples of suspected patients from all the affected regions. The 
serological investigation revealed 66% seropositivity for Chikungunya 
specific IgM and/or IgG antibodies. The RT-PCR analysis using CHIKV 
specific amplimer revealed the presence of CHIKV specific RNA in 48% 
of samples. The viral load was found to vary from 0.1 to 107 PFU/ml in 
viremic patient as determined from a quantitative RT-PCR assay. Thirty five 
Chikungunya viruses were also isolated from representative PCR positive 
samples. The genotyping by nucleotide sequencing classified these viruses 
into East Central South (ECS) African genotype. In earlier outbreaks, 
Asian genotype was implicated as the etiology of major CHIK outbreaks 
in India. The sequence analysis also revealed many unique substitutions 
across the genome of Indian Chikungunya viruses. This study conclusively 
proved the involvement of a novel ECS African genotype in resurgence of 
Chikungunya in India after a gap of 32 years.

618
Biosurety and Regional Preparedness for a 
Potential Influenza Pandemic and other Threats 
Posed by Biological Select Agents and Toxins: The 
Armed Forces Research Institute of the Medical 
Sciences Experience

Fernando Guerena-Burgueno1, Bonnie L. Smoak1, Sorachai 
Nitayapan1, James D. McLain1, Tippawan T. Na Ayuttaya1, 
Duangsuda Siriyanonda1, Richard G. Jarman1, Kathleen W. Carr2, 
Clifford E. Wendel3   

1Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand, 
2Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
3US Army Medical Research and Materiel Command, Fort Detrick, MD, 
United States  
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Following acts of terrorism in the United States during 2001 that included 
the release of anthrax spores, the US Congress passed laws to ensure the 
safe and secure handling of Biological Select Agents and Toxins (BSAT) 
to prevent their potential use as weapons of mass destruction. Federal 
regulations prescribe the handling of BSAT in laboratories located within 
the Continental United States (CONUS); however, these regulations are 
not applicable to US laboratories located outside CONUS, (OCONUS). 
The US Department of Defense requires that all military laboratories 
that possess BSAT regardless of their geographic location establish a 
biosurety program. Conducting safe and secure BSAT research in OCONUS 
laboratories pose unique operational and diplomatic challenges and offer 
unique opportunities. Armed Forces Research Institute of the Medical 
Sciences is the first US OCONUS laboratory to implement a biosurety 
program. Armed Forces Research Institute of the Medical Sciences is 
located in Thailand, a country in which some of its endemic diseases are 
caused by BSAT, including the Highly Pathogenic Avian Influenza H5N1 
virus. Armed Forces Research Institute of the Medical Sciences is preparing 
to support global Pandemic Influenza Preparedness and other BSAT-related 
efforts at a regional level by developing organizational and infrastructure 
assets, including the construction of a state-of-the-art Biosafety Level 3 
containment facility, to conduct safe, reliable, accountable, and secure 
basic and epidemiological research. These efforts require a high level of 
cooperation and coordination between the US and Thai Governments’ 
agencies, including the US Army, the Royal Thai Army, with the support 
of the US Embassy, Thailand and the US Department of State. The Armed 
Forces Research Institute of the Medical Sciences experience can be 
applicable to other international research laboratories.

(ACMCIP Abstract)

619
A Serosurvey of the Kenyan Somali Herder 
Population in Northeast Province during the Rift 
Valley Fever Virus Epidemic of 2006/07

David Schnabel1, Daniel Feikin2, Kariuki Njenga3, Allen 
Hightower3, O.A. Omar4, Patrick Nguku5, Rashid Osman4, Omar 
Farah6, Ahmed Mohamed7, Rob Breiman3

1United States Army Medical Research Unit - Kenya, Nairobi, Kenya, 
2Centers for Disease Control and Prevention, Kisumu, Kenya, 3Centers 
for Disease Control and Prevention, Nairobi, Kenya, 4Kenya Ministry of 
Health, Garissa, Kenya, 5Kenya Ministry of Health, Nairobi, Kenya, 6Garissa 
Provincial Hospital, Garissa, Kenya, 7Istin Subdistrict Hospital, Garissa, 
Kenya

In November 2006 increased Indian Ocean temperatures caused El 
Nino-like weather patterns throughout Kenya resulting in wide-scale 
flooding in Northeast Province. This flooding led to a dramatic increase 
in the mosquito vector population and subsequent Rift Valley fever virus 
(RVFV) transmission among the livestock and human population in the 
province’s primarily pastoralist Somali population. A case/control study 
was initiated in January 2007 in the province (and later in two other) to 
examine risk factors for severe disease caused by RVFV versus mild or 
subclinical disease and for RVFV infection versus non-infection. Field teams 
identified 23 cases and collected 374 samples from 176 households. 
Only 3 male controls between 15 and 35 years of age were identified 
even though numerous cases were young males. Because many males in 
this community within this age bracket spend most of the year herding 
livestock far away from their home village, they were not captured within 
our study. To help correct the resulting selection bias, a team visited 4 
water-points in Northeast Province and interviewed 102 herders from 
16-19 February, 2007. All were male, and the median age was 28. 
36% described mild symptoms during the outbreak time period, and 2 
described hemorrhagic symptoms. 16% reported bed net use, and 59% 
reported contact with sick animals. Collected sera have been tested for 
the presence of IgM and IgG antibodies to RVFV. Because a significant 
number of subjects were likely infected in early December, determination 
of recent infection by the presence of IgM antibodies alone will likely 

cause misclassification because of waning IgM levels in some subjects. 
Threshold IgM values and IgG values will be analyzed to better classify 
serum samples as positive or negative. Once disease and infection status 
is fully determined, logistic regression will be used to determine significant 
risk factors. The sub-study’s data will supplement the larger case/control 
study but also offers unique insight into the little studied population of 
Kenyan Somali herders.

620
REDUCING MEASLES BURDEN IN NIGERIA: LESSONS 
FROM THE ANAMBRA STATE INTEGRATED MEASLES 
IMMUNIZATION CAMPAIGN 2006

Amobi L. Ilika
Nnamdi Azikiwe University Teaching Hospital, Nnewi, Anambra State, 
Nigeria

Measles remains a major cause of child mortality and morbidity in Nigeria 
affecting children aged between 9 months and 15 years. To reduce 
measles burden in Nigeria and reduce child mortality and morbidity in line 
with the Millennium Development Goals, Nigeria carried out Integrated 
Accelerated Measles Immunization campaign which incorporated OPV 
and Vitamin A. Lessons learnt are highlighted in this presentation. The 
immunization campaign was carried out from 3rd-17th October, 2006, 
in all the 21 local governments in Anambra State, Nigeria covering 
1050 vaccination posts for a target children population of 1,602,362 
between 9 months to 15 years. Each post was manned by six member 
health team who were either stationed in designated health facilities 
or moving from school to school or community by community. Measles 
vaccine, OPV and oral polio vaccine were given to children according to 
appropriate age. The exercise was preceded by community mobilization 
and advocacy. Out of a total of 1,797,307 targeted children, 1,602,362 
(89%) received measles immunization. For polio 831,855 (97%) out of 
855,860 received immunization, while 98% received Vitamin supplement. 
Vaccine wastage rate for measles was 4% and OPV 9%. Adverse vaccine 
reaction was less than 1%. Major constraints were - persistent rainfall 
during the implementation because it was the rainy season resulting in 
inaccessibility to some areas especially riverine areas and subsequent 
extension of the programme by seven days. Rejection was fueled by 
rumour and false information which started in a nearby State, alleging 
that children were dying as a result of the immunization and needed 
to drink coconut water to neutralize the vaccine, and that vaccines 
contained contraceptives for population control. The rumour was so 
damaging that it necessitated a state wide radio broadcast by the State 
Governor to debunk. Generated waste management was not adequately 
planned for. Conclusion, the exercise was very successful as coverage rose 
significantly from pre-campaign level of 26% to post campaign level of 
89%. Future immunization campaigns should hold in dry seasons to allow 
for accessibility to riverine areas, crowd mobilization and health team 
movement. Waste management should be emphasized and strengthened. 
Rumour remain a key issue and should be considered in planning future 
mass immunization programs.

621
Evidence of metabolic resistance in pyrethroid 
resistant populations of Anopheles gambiae from 
Benin, West Africa

Clare Strode1, Rousseau F. Djouaka2, Adekunle A. Bakare3, Martin 
C. Akogbeto2, Janet Hemingway1

1Liverpool School of Tropical Medicine, Liverpool, United Kingdom, 2Centre 
de Recherche Entomologique de Cotonou, Cotonou, Benin, 3University of 
Ibadan, Ibadan, Nigeria

Widespread pyrethroid resistance in Anopheles gambiae populations 
is threatening the use of ITNs and IRS in West Africa. We set out to 
determine whether metabolic resistance, involving the genes encoding 
cytochrome P450s, glutathione transferases and carboxylesterases, is 
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contributing to resistance in W. Africa. Also if this is the case does different 
selection pressures e.g. agricultural pesticide use or oil contamination of 
mosquito breeding sites, in turn lead to different gene expression profiles? 
We used the An. gambiae detox chip to investigate gene expression in 
field mosquitoes collected from areas of an agricultural setting and from 
an area contaminated by oil spillage in Southern Benin. Measured against 
a susceptible population from the same geographical region, P450s and 
GSTs were differentially expressed between the susceptible and resistant 
populations. Interestingly a cohort of three genes including two P450s was 
expressed in both resistant populations. We present evidence that target 
site resistance such as kdr is not solely responsible for insecticide resistance 
in Benin and the significance of these findings will be discussed.

623
Control of Culicines and Anophelines using 
pyriproxyfen - field scale evaluations

Gregor J. Devine1, Amy Morrison2, David Florin3, Victor Lopez4, 
Helvio Astete4, Jhon Ramirez4, Stephen Yanoviak5

1Rothamsted Research, Harpenden, United Kingdom, 2University of 
California Davis, Davis, CA, United States, 3Naval Medical Research Center 
Detachment, Lima, Peru, 4Naval Medical Research Center Detachment, 
Iquitos, Peru, 5University of Arkansas, Little Rock, AR, United States

Field comparisons of larvicides in and around the Amazon city of Iquitos 
showed that pyriproxyfen is an impressive tool for the control of a range 
of potential disease vectors (Aedes aegypti, Culex spp, Anopheles spp, 
Ceratopogonids). We present the results of trials comparing different 
larviciding strategies (pyriproxyfen, temephos, and dissemination of 
larvicides using granule spreaders) against Ae. aegypti involving the 
treatment of >1500 households. We also present field data that shows 
that adult female mosquitoes that oviposit in containers dusted with 
pyriproxyfen can transfer enough larvicide to other breeding sites to affect 
immature mosquitoes developing therein. Additionally, ecotoxicological 
data from large water bodies (disused fishponds) shows that pyriproxyfen 
is suitable for use in sensitive environments. Treatment with pyriproxyfen 
(at 50 ppb), did not affect the abundance of most non-target arthropods 
(e.g Odonata, Hemiptera, Coleoptera) but it caused dramatic decreases 
in the production of dipteran adults. Emergence trap data showed a 
53% decrease in the emergence of all diptera, and a 100% decrease in 
the emergence of culicids, over a 10 week period). We conclude that 
pyriproxyfen is a cost effective alternative to the larvicides currently in use 
in Peru, that it can be used in the wider environment without undue risk 
and that it is amenable for use in combination with oviposition traps to 
effect a more targeted means of mosquito control.

624
A paratransgenic approach to control of visceral 
leishmaniasis: Aerobic Gut bacterial identification 
from Phleotomus argentipus

Amber L. Read1, Ravi Durvasula1, Ivy Hurwitz1, Bobban 
Subhadra1, Mathews Scott1, Kashinath Ghosh2, Robin McKelvey1, 
Heidi Hillesland1, Pradeep Das3

1University of New Mexico, Albuquerque, NM, United States, 2Walter 
Reed Army Research Institute, Washington, DC, United States, 3Rajendra 
Memorial Research Institute of Medical Sciences, Patna, India

Visceral leishmanasis (VL) causes significant global disease with 500,000 
reported cases per year. Three-hundred-fifty million people are at risk and 
incidence is thought to be underreported. Treatments are lengthy, toxic, 
costly and rendered ineffective by HIV co-infection. Attempts to eradicate 
phlebotomine sandflies, the vectors of Leishmania, are expensive, toxic 
and select for sandfly resistance. We are developing a paratransgenic 
approach to control VL. Paratransgenesis involves identification of bacteria 
living commensally within the gut of the sandfly, genetically transforming 
the bacteria to release an anti-leishmanial protein, and colonizing sandflies 
with transformed bacteria to inactivate leishmania within the sandfly. 

Phlebotomus argentipes is the sandfly vector of L. donovani in eastern 
India. Previous studies of Phlebotomine vectors demonstrated aerobic 
gut bacteria. Additionally, breeding sites of P. argentipes in the Indian 
states of Bihar and West Bengal have been characterized. Therefore, we 
hypothesize that a paratransgenic strategy involving delivery of engineered 
bacteria to sandfly breeding sites in eastern India will disrupt vectorial 
transmission of L. donovani. Our first study involved collection of 103 
sandflies from four endemic regions of Bihar. Sandflies were surface 
sterilized, homogenized and plated on BHI agar at 28oC. 16S ribosomal 
gene sequencing was performed to identify the isolated bacteria. Bacteria 
were isolated from 68% of collected flies and were predominantly 
environmental Gram positives and Enterobacteriaceae. Among the 
microbes were Brevibacterium linens and Bacillus megaterium, both non-
pathogenic bacteria with wide-reaching industrial applications in Bihar. B. 
megaterium is a component of biofertilizers and B. linens is an organism 
used in cheese production. Both microbes have been transformed with 
a broad-range plasmid, pRrMDWK6, which encodes a three domain 
single chain antibody. Engineered bacteria are currently being deployed 
to laboratory colonies of P. argentipes. Studies with paratransgenic flies 
carrying bacteria which express the antibody will be a precursor to future 
trials with bacteria expressing anti-leishmanial proteins. Data from ongoing 
paratransgenic trials will be presented.

(ACMCIP Abstract)

625
A large scale laboratory cage investigation 
of Aedes Densonucleosis Virus (AeDNV) as a 
sustainable biocontrol method of Aedes aegypti 
mosquitoes 

Megan R. Wise de Valdez, Erica L. Suchman, Jonathan O. 
Carlson, William C. Black
Colorado State University, Fort Collins, CO, United States

The geographical area in which Dengue viruses (DENV1-4) are now 
endemic has expanded rapidly in the last two decades and novel methods 
of reducing DENV transmission are needed. We are exploring the use 
of Aedes Densonucleosis Virus (AeDNV) to increase mortality of Aedes 
aegypti larvae and adults and to reduce the average adult age below 
the extrinsic incubation period of DENV. AeDNV is transferred among 
oviposition sites (OPS) by adults. All previous studies have been completed 
in small population cages (8 ft3). Herein we report on expansion of these 
studies into large (>300 ft3) cages over a 25 week period as a prelude to 
field greenhouse trials in Tapachula, Mexico. These cages were seeded 
with AeDNV in a single OPS. Additional OPSs were established at varied 
distances from the seed OPS. Unlike previous experiments, larvae were 
allowed to mature in OPSs, egg counts were assessed for each OPS, and 
quantitive real time PCR of select mRNAs was used to estimate the age 
structure of mosquitoes. The questions asked were: 1) How efficiently 
will AeDNV spread from the seed OPS, 2) What AeDNV titers will be 
reached in newly colonized OPSs 3) Does the availability of uninfected 
OPSs affect the efficacy of AeDNV on population size and age reduction? 
4) Do females prefer infected or uninfected OPSs? 5) Is the average age 
of mosquito populations reduced below that of the extrinsic incubation 
period of DENV?

626
QTL mapping of genes controlling permethrin 
resistance in Aedes aegypti

Karla L. Saavedra-Rodriguez1, Adriana E. Flores-Suarez1, 
Ildefonso Fernandez-Salas1, William C. Black2
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Permethrin is an adulticide widely used in dengue control campaigns. 
As a result of selection pressure, metabolic and target site resistance 
mechanisms have developed in several locations throughout the world. 
In this study, Quantitative Trait Loci (QTL) controlling permethrin survival 
in Ae. aegypti were mapped in a F3 advanced intercross line (AIL). 
Parents consisted of an insecticide-susceptible strain (New Orleans) and 
a permethrin-selected strain from Islas Mujeres, Mexico. A total of 439 
adult mosquitoes were phenotyped as alive, recovered or dead following a 
permethrin exposure in a bottle bioassay (1.2 ug/ bottle). Single nucleotide 
polymorphisms (SNPs) were analyzed at 24 novel cytochrome P-450 (CYP), 
esterase or glutathione transferase loci and at 10 previously mapped loci. 
SNPs were detected by melting curve analysis of allele specific primers. 
Seven insecticide-resistance genes mapped to chromosome I, six to 
chromosome II and 10 to chromosome III. Two QTLs controlling mosquito 
survival following permethrin exposure were detected on chromosome 
III. The first QTL corresponded with the para sodium channel gene, the 
CCEunk0 esterase gene, and the CYP4H32 and CYP325R1 genes. A 
second QTL in chromosome III included the esterase CCEae1o esterase 
gene and a CYP9J29, CYP9J19 and CYP6BY1 genes. The para gene 
accounted for most of the variation in survival. A single point mutation at 
residue Val1,016 of para was strongly correlated with mosquito survival. 
The mutation consisted in a G-->A transition at the first position of codon 
1,016, conferring a valine → isoleucine substitution. We designed an 
allele-specific PCR system to identify para genotypes from genomic DNA. 
Inexpensive and simple detection assays for insecticide resistant alleles 
support ongoing dengue control strategies in developing countries.

627
Impregnated netting slows infestation by Triatoma 
infestans

Michael Z. Levy1, Victor Quispe-Machaca2, Jose Ylla-Velasquez2, 
Lance A. Waller1, Jean M. Richards2, Bruno Rath2, Ampara Toledo2, 
Rocio Rodriguez2, Katty Borrini2, Juan G. Cornejo del Carpio3, 
Eleazar Cordova-Benzaquen2, James H. Maguire4, Robert H. 
Gilman5, Caryn Bern6
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Chagas disease affects millions of people across Latin America. In 
Arequipa, Peru, vector-borne transmission of Chagas disease by Triatoma 
infestans has become an urban problem. Insecticide treated nets have 
proven invaluable in malaria vector control but are yet to be evaluated 
as a protective measure against Chagas disease vector infestation. We 
placed new sentinel guinea pig enclosures with and without protective 
covers made of deltamethrin treated netting into households of an urban 
community of Arequipa. We examined these sentinel enclosures biweekly 
for infestation by T. infestans. After five months the community was 
sprayed with deltamethrin and we performed a timed search for vectors in 
all households. Using novel statistical methods we estimated the effect of 
netting on the rate of vector infestation in sentinel enclosures controlling 
for the density and distance of potential source populations of insects. 
The rate of infestation of unprotected enclosures was one bug every two 
weeks and we estimate that impregnated netting decreased this rate 
fourfold. Surprisingly, the great majority of insects collected from sentinel 
enclosures were early-stage nymphs. The structure of the triatomine 
population in the control sentinel enclosures closely paralleled that of 
the stable stage distribution of T. infestans as measured in laboratory 
conditions. In conclusion, Triatoma infestans rapidly infests sentinel guinea 
pig enclosures in urban households, but can be significantly slowed with 
insecticide treated materials. Impregnated netting may be a valuable new 
tool for Chagas disease control.
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Cloning and characterization of a fatty acid and 
retinol (FAR) binding protein from the hookworm 
Ancylostoma ceylanicum  

Keke C. Fairfax1, Richard Bungiro1, Lisa Harrison1, Sohail Husain2, 
Michael Cappello1

1Department of Pediatrics and the Section of Microbial Pathogenesis, Yale 
University School of Medicine, New Haven, CT, United States, 2Department 
of Pediatrics, Yale University School of Medicine, New Haven, CT, United 
States

Nematodes are unable to synthesize fatty acids de novo and must acquire 
them from their environment to meet their nutritional requirements. It 
is hypothesized that the two known classes of structurally unique fatty 
acid and retinol binding proteins that nematodes produce are used to 
meet this need, making these proteins viable targets for vaccination and 
chemotherapy against infection. A cDNA corresponding to a putative FAR 
protein was cloned from the hookworm Ancylostoma ceylanicum. The 
translated amino acid sequence of A. ceylanicum FAR-1 (AceFAR-1) shows 
homology to FAR proteins previously identified in the dog hookworm A. 
caninum and the free-living nematode C. elegans. Using RT-PCR, we have 
shown that AceFAR-1 is transcribed in all hookworm life cycle stages, 
with the highest levels of transcription in developing larvae and adult 
female worms. Immunoblot experiments using a polyclonal anti-AceFAR-
1 IgG reveal a protein of the expected size in adult excretory/secretory 
proteins and adult worm extracts (HEX), with a stronger signal in female 
HEX than in male HEX. Using in vitro binding assays, the recombinant 
protein (rAceFAR-1) was found to bind the fluorescent fatty acids DAUDA, 
cis-parinaric acid, and retinol at equilibrium dissociation constants in the 
micromolar range. In vitro data also shows that rAceFAR-1 binds fatty 
acids with chain lengths of C12-C22, with the greatest affinity seen for C15, 
oleic acid (C18), and arachidonic acid (C22). Studies using fluorescently 
labeled C16 localized fatty acid uptake in living adult A. ceylanicum to 
the ovaries of female worms, with competitive binding experiments 
demonstrating that unlabeled C16 and arachidonic acid effectively displace 
uptake of fluorescent C16. Mucosal vaccination of hamsters with rAceFAR-
1 is associated with a 40% reduction in adult worm burden following 
challenge infection, compared to animals immunized with adjuvant alone. 
These data suggest that AceFAR-1 plays an important role in hookworm 
development by mediating uptake of fatty acids in vivo.

(ACMCIP Abstract)
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Characterizing the host-interactive surface of 
schistosomes using recombinant antibodies (scFvs) 
from immune Fisher rats  

Jorge A. Sepulveda Toepfer, Michelle Debatis, Patrick J. Skelly, 
Charles B. Shoemaker
Tufts Cummings School of Veterinary Medicine, North Grafton, MA, 
United States

Schistosoma mansoni infection is rapidly rejected about four weeks post-
infection in Fisher rats. Literature reports have indicated that resistance 
to schistosomes can be passively transferred to mice by injection of 
serum from immune rats. Partial protection to schistosome infection 
was observed when serum was infused up to seven days post-infection 
and this resistance could be removed by absorption of the sera on adult 
schistosomes. We find that serum from schistosome infected Fisher 
rats has significantly higher titer and specificity for schistosome adult 
apical extracts compared to serum from equivalently infected mice. 
Infected rat serum can stain the surface of adult schistosomes when 
the worms are gently fixed in formalin or when metabolism is slowed 
during the antibody incubations. A library of phage was prepared that 
displays the antibody repertoire of schistosome infected Fisher rats as 
single-chain Fv domains (scFvs). The quality of the library was validated 
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by the successful panning and isolation of multiple independent scFvs 
recognizing the major extracellular loops of two schistosome tetraspanin 
immunogens, Sm23 and SmTsp2. The library was then panned on both 
apical membrane extracts and fixed worms, and six unique strong positive 
scFvs were obtained. All six scFvs displayed high specificity against 
enriched schistosome apical membrane extracts by ELISA. One of the 
scFv clones isolated by this scheme was identical to a previously isolated 
anti-SmTsp2 scFv. Five of the six scFvs (all except the anti-SmTsp2 scFv) 
recognize the surface of fixed adult schistosomes. Interestingly none of 
the worm surface binding scFvs recognizes an antigen species on Western 
blots suggesting the epitope is on a heterogeneous mixture of antigens 
and/or is non-proteinaceous. Identification and characterization of the 
schistosome worm surface antigens recognized by these new rat scFvs 
should lead to new insight into host/parasite interaction and could identify 
novel and promising vaccine antigens.

(ACMCIP Abstract)
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Role of the Golgi GDP-Man transporter LPG2 in 
Leishmania donovani virulence and evasion of 
macrophage microbicidal activity
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Leishmania spp. are obligate intracellular parasites of macrophages. 
Parasite surface glycoconjugates such as LPG, proteophosphoglycan 
and GIPLs participate at various steps in the interactions with host 
cells. Previous studies have shown that synthesis of LPG and other 
phosphoglycans including proteophosphoglycan is dependent on the 
Golgi GDP-Mannose transporter LPG2. However, lpg2-/- mutants of L. 
major are unable to induce acute pathology whereas lpg2- L. mexicana 
retain this ability. Here we probed the role of LPG2 in L. donovani. As seen 
with L. major, L. donovani, lpg2-/- mutants had diminished virulence for 
mice and for hamsters. Either episomal or chromosomal add-back of the 
LPG2 gene partially restored virulence. Furthermore, lpg2-/- mutants were 
defective in survival in macrophages in vitro, and virulence was restored 
in chromosomal add-backs. Using CFSE labeling and DHE to detect 
oxidant production, both the amastigote and the promastigote forms 
of lpg2-/- mutants generated an increased oxidative burst than wild type 
organisms upon phagocytosis by macrophages. This was accompanied by 
early lysosomal fusion of lpg2-/- mutants. The data suggest that, unlike L. 
mexicana but similar to L. major, L. donovani LPG2 is essential for parasite 
virulence, possibly through pathways leading to evasion of lysosome 
fusion and suppression of the phagocyte oxidative response. Thus the 
contribution LPG2-dependent molecules to parasite virulence in a host 
varies depending on the species of parasite.

(ACMCIP Abstract)

631
Killed But Metabolically Active (KBMA) Leishmania 
- a novel protozoan vaccine technology for 
visceral leishmaniasis that is enhanced by Toll-like 
receptor activation
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Haskell, Rupa Narayan, Pei L. Cheng, Kevin W. Bruhn, Noah Craft
Los Angeles Biomedical Research Institute, Division of Dermatology, 
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Vaccination with live Leishmania major (Leishmanization) is effective 
against leishmaniasis but is not acceptably safe. Subunit vaccines are safer, 
but so far lack efficacy. We describe a whole cell vaccine for experimental 
murine visceral leishmaniasis that uses Leishmania chagasi (LC) treated 
with the psoralen compound amotosalen (S-59) and low doses of UVA. 
This treatment generates covalent DNA crosslinks and parasites termed 
“Killed But Metabolically Active” (KBMA) that retain a complete antigenic 
repertoire but cannot replicate. KBMA-LC promastigotes can infect 
murine bone marrow-derived macrophages (BMDM) in vitro, and infect 
hepatic macrophages in vivo. In BMDMs, KBMA-LC induced nitric oxide 
production in quantities similar to virulent LC but greater than heat-killed 
LC, suggesting that KBMA-LC might adequately engage innate immune 
effectors in a vaccine context. We hypothesized that the Toll-like receptor 
agonists imiquimod (TLR7) and resiquimod (TLR7,8) would enhance 
protective immunity induced by a KBMA-LC vaccine due to the known 
roles of this pathway in antigen-presenting cell activation, regulatory T 
cell (Treg) suppression, and host Th1/Th2 balance. Susceptible BALB/c 
mice vaccinated with KBMA-LC showed protection similar to mice 
vaccinated subcutaneously with untreated virulent LC when challenged 
IV with virulent LC (over 40% reduction in liver parasite load compared 
to controls, p<0.05). Mice vaccinated with the combination of KBMA-LC 
and topically applied TLR agonist showed marked additional protection 
(68% for imiquimod, p<0.0001). Resiquimod, a more potent TLR agonist 
with enhanced TLR8 activity, shows potential for profound protection 
against Leishmania challenge. We present a novel vaccine model against 
intracellular protozoans that maintains the immunogenicity of live cells 
with the safety of killed cells, and we provide data that support the 
combinatorial use of TLR agonists. This technology could potentially be 
used in therapeutic vaccines, in combination with other genetic alterations 
in Leishmania, or with other protozoan parasites.

(ACMCIP Abstract)
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Innate inflammatory and phagocytic responses 
to Plasmodium falciparum: linked processes or 
molecularly discrete pathways?

Laura Erdman, Gabriela Cosio, Samir N. Patel, Sergio Grinstein, 
Kevin C. Kain
McLaughlin-Rotman Centre for Global Health, University of Toronto, 
Toronto, ON, Canada

Effective innate immune responses are important for control of malaria 
blood-stage infection and in preventing progression to severe malaria in 
non-immune individuals. Key innate defenses include a tightly regulated 
inflammatory response -- severe malaria is associated with highly 
elevated TNFα -- and host clearance of parasitized erythrocytes (PE). 
Pattern recognition receptors on macrophages mediate these processes: 
parasite glycosylphosphatidylinositol (GPI) induces inflammation via TLR2 
activation, while scavenger receptor CD36 mediates non-opsonic PE 
uptake. Both pathways are potential therapeutic targets, but it is unclear 
whether they are interdependent. Findings in other systems implicate 
CD36 in inflammation and TLR2 in phagocytosis, and recent evidence 
indicates that CD36 and TLR2 can cooperate. We investigated whether 
the innate inflammatory and phagocytic responses of macrophages to 
Plasmodium falciparum are separable: does CD36-mediated PE uptake 
have inflammatory outcomes, and does TLR2 regulate PE uptake? CD36-
mediated endocytosis failed to induce TNFα production. As a more 
representative model of innate PE uptake, α-CD36 EBABs (Erythrocyte-
Biotin-Avidin-Biotinylated antibody) were generated; macrophages 
internalized EBABs in a CD36-specific manner via a signaling pathway 
similar to that of PE uptake. Compared to controls, neither PE nor EBAB 
internalization induced TNFα release, indicating that the inflammatory 
consequences of CD36 engagement are ligand dependent. Regarding 
TLR2 regulation of PE uptake, wild type and Tlr2-/- macrophages showed 
no differences in EBAB or PE uptake. When wild type macrophages were 
pre-treated with P. falciparum GPI to stimulate TLR2, EBAB internalization 
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was enhanced; however, this effect was CD36-independent and 
generalizable to other TLR ligands. These results suggest that the innate 
inflammatory and phagocytic responses of macrophages to malaria are 
indeed discrete. Thus, therapeutic augmentation of CD36-mediated PE 
uptake should not exacerbate inflammation, nor should inhibition of the 
TLR2 pathway compromise CD36-mediated PE clearance. The role of TLR-
enhanced uptake in malaria will be further examined.

(ACMCIP Abstract)
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Using a demographic surveillance system to 
enhance detection of adverse drug reactions to 
malaria treatment and associated costs in rural 
Tanzania
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In 2001, Tanzania changed its first line malaria treatment policy from 
chloroquine to sulfadoxine pyrimethamine (SP). SP is associated with a 
rare risk of severe cutaneous reactions (SCR). Following the policy change 
public concern about such reactions was high and may have contributed 
to low demand for malaria treatment. Active and passive surveillance 
systems were established within 56 demographic surveillance site (DSS) 
villages (total population 135,000) to document actual numbers of severe 
cutaneous reactions resulting from SP use and their associated treatment 
costs. Clinicians were then tasked to follow up each case to confirm SCRs 
and also inquire on associated treatment costs. A total of 498 potential 
adverse drug reaction cases were reported of which, 430 were identified 
through the active surveillance system and 68 were detected through 
the passive surveillance approach. Of all these, 56 cases were confirmed 
as likely SCR linked to recent use of SP or related drugs while 64 were 
categorized as probable SCR cases. Costs associated with treating the 
genuine SCR cases ranged widely from less than USD 3.00 to more than 
125. DSS sites offer an excellent platform for monitoring various health 
intervention programs on communities. The routine passive detection 
of potential adverse drug reactions was enhanced by the introduction 
of active case detection within the study communities. Cases detected 
through the passive approach were more likely to be confirmed or 
probable SCR than those reported through active surveillance system. 
Both approaches improved on the surveillance mechanism outside the DSS 
areas. DSS can serve as a critical foundation for collecting Phase IV safety 
information.
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Monitoring the efficacy and safety of 
artesunate+amodiaquine (AS+AQ) over six years 
using the WHO in vivo protocol and a simple 
pharmacovigilance study in the district of 
Oussouye, Casamance, Southern Senegal
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The recommendation of using artemisinin-based combination therapies 
(ACTs) as 1st line treatment for uncomplicated falciparum malaria is 
supported by clinical trials but limited deployment studies in Africa and 
SE Asia. We deployed over five years artesunate+amodiaquine (AS+AQ) 
in health posts in Oussouye district [moderate (EIR-25 bites/person/year) 
perennial transmission], Casamance (southern Senegal) and monitored its 
efficacy and safety. Only non pregnant, slide proven P. falciparum infected 
patients of all ages were treated. Target doses were 12 (AS) and 30 (AQ) 
mg/kg over three days. In vitro sensitivity was tested on 242 isolates for 
CQ, 236 (QN), 250 (AQ), and 183 (AS) taking 1997 as a reference year (no 
AS+AQ combination). 3037 patients, half aged between 6-15 years, were 
treated. 966 patients were followed clinically and parasitologically for 28 
days; 323 (haematology) and 169 biochemistry) were blood sampled. The 
remaining 2071 patients were followed up to Day 28 to collect safety 
information using a pre-established questionnaire; 2050 of them also had 
a malaria smear on Day3. Parasitological efficacy was consistently high 
throughout 2000-05: the overall Kaplan-Meier crude (non PCR-corrected) 
success rate was 94.4% (95%CI 92.8-95.7). AS+AQ was well tolerated. 
139 clinical adverse events (AEs) were recorded on 121 patients (104 
with one, 16 with two and 1 with three AEs). There was no significant 
shift in WBCs, renal function tests and no cases of clinically manifest or 
biochemical hepatitis. In vitro sensitivity of isolates remained stable over 
time. In conclusion, AS+AQ is well tolerated and continues to be effective 
6 years into deployment in Casamance. Basic pharmacovigilance is feasible 
under field conditions. The numbers studied preclude detecting rare, 
serious toxicities.

635
Fixed dose artesunate/sulfamethoxypyrazine/
pyrimethamine combination therapies compared 
to artemether/lumefantrine for the treatment of 
uncomplicated Plasmodium falciparum malaria 
across Africa: an open randomized multi-centre 
trial
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The efficacy of Artemisinin based Combination Therapies (ACT) has 
already been demonstrated in a number of studies all over the world. 
However, secondary factors like side effects, ease of administration, cost 
and duration of the treatment can greatly influence the final outcome 
of any ACT. Therefore, these factors must be handled with equal 
importance when selecting an appropriate antimalarial treatment. This 
open randomised multi-centre clinical trial tested the hypothesis that three 
pills of the fixed dose combination artesunate/sulfamethoxypyrazine/ 
pyrimethamine (As/SMP fdc), administered over 24 hours is not inferior 
in efficacy to the same drug administered over 48 hours and that As/SMP 
fdc, independently of the duration of its dose interval, is not inferior in 
efficacy to 24 pills of the 60 hours treatment of artemether/lumefantrine 
(AL, 6-dose) for the treatment of uncomplicated Plasmodium falciparum 
malaria. This multi-centre study was carried out between May 2006 and 
January 2007 in 4 African countries: Cameroon, Mali, Rwanda and Sudan. 
Participants at least 6 months of age with uncomplicated P. falciparum 
malaria were randomly assigned to receive As/SMP fdc 3 pills in 24h, 
As/SMP fdc 3 pills in 48h or AL 24 pills in 60h. Treatment efficacy was 
assessed using the 28-day protocol of the World Health Organization. A 
total of 1260 patients were enrolled. Adequate Clinical and Parasitological 
Responses (ACPR) not PCR corrected on day 28 were 96.3%, 97.3% and 
97.9% for As/SMP fdc 3 pills in 24h, As/SMP fdc 3 pills in 48h and AL 24 
pills in 60h, respectively. Overall, these results showed an ACPR of 99% 
on day 28 and reinfection occurred in 35/41 patients . No serious adverse 
events were noticed. In conclusion, both regimens of As/SMP fdc were as 
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effective and safe as AL for the treatment of uncomplicated P. falciparum 
malaria. Due to its ease of administration and the shortened treatment 
duration, the fixed dose one-day treatment regimen with 3 pills only may 
improve compliance and therefore may be the preferred choice.

636
Azithromycin Combination Therapy for the 
Treatment of Uncomplicated Falciparum 
Malaria: Preliminary Results from an Open Label 
Randomized Controlled Trial in Bangladesh
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Aung Swe Prue Marma3, Wasif Ali Khan2, Matthias Vossen1, Selim 
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Spreading multidrug resistance of Plasmodium falciparum and the absence 
of novel antimalarial compounds call for the exploration of currently 
available agents for their potential use in combination regimens for the 
treatment of falciparum malaria. Azithromycin is a widely prescribed 
macrolide antibiotic and has shown intrinsic activity against P. falciparum in 
vitro as well as for treatment and prophylaxis. So far 100 patients aged 8-
65 years were enrolled into a randomized Phase II study at the Bandarban 
District Hospital, Bandarban, Bangladesh, to assess the efficacy of the 
combination of artesunate with azithromycin in uncomplicated falciparum 
malaria. Patients were randomly assigned to receive either artesunate plus 
azithromycin or artemether - lumefantrine (controls) in a 2:1 ratio. Adult 
patients enrolled in the azithromycin group received 1500mg azithromycin 
and 200mg artesunate as single daily dose for three days. Preliminary 
results show an overall 42 days cure rate of 91.1% (95%CI: 79.7-96.9%) 
and 100% (95%CI: 86.8-100%) after an adjustment by polymerase chain 
reaction for patients receiving the artesunate - azithromycin combination 
therapy and the control group, respectively. Two patients were lost to 
follow-up, 6 were censored in the course of the follow up after presenting 
with p.vivax parasitaemia. No early treatment failures occurred. Five 
(9.3%) late treatment failures were seen in the artesunate - azithromycin 
group and none in the control group (p>0.05). Fever clearance time in the 
azithromycin group was 10 hours as compared to 15 hours in the control 
group (p >0.05) whereas parasite clearance time was found to be just 
over 27 hours in both arms (p>0.05). Both regimens were well tolerated 
and no serious adverse events occurred during the study. The in vitro data 
showed an IC50 of 1910.24ng/ml (2550.79nM) for azithromycin which is 
comparable to previous data from Thailand. A preliminary analysis of the 
available data suggests that artesunate - azithromycin is a safe, highly 
efficacious, economic, and very well tolerated combination therapy and 
could provide an interesting alternative regimen for the treatment of 
uncomplicated falciparum malaria. Final data will be presented at the 
meeting.

637
Effectiveness of Artemether plus Lumefantrine 
versus Artesunate plus Amodiaquine for the 
Treatment of Uncomplicated Plasmodium 
falciparum Malaria in Ghanaian Children

Robin Kobbe1, Philipp Klein1, Samuel Adjei2, Solomon 
Amemasor3, Wibke Busch1, Ibrahim Lukeman2, Boakye Yiadom2, 
Martina Bührlen3, Daniel Ansong4, Jürgen May1

1Bernhard-Nocht-Institute for Tropical Medicine, Hamburg, Germany, 2Kumasi 
Centre for Collaborative Research in Tropical Medicine (KCCR), Kumasi, 
Ghana, 3Agogo Prebyterian Hospital, Asante Akim North District, Agogo, 
Ghana, 4Department of Child Health, School of Medical Sciences, Kwame 
Nkrumah University of Science and Technology, Kumasi, Ghana

Growing antimalarial drug resistance calls for rapid replacement of 
failing drugs by artemisinine combination therapy (ACT). Although 
artesunate plus amodiaquine (AA) and artemether plus lumefantrine (AL) 
have high efficacy and good safety profiles data on their effectiveness 
and acceptability are scarce. The aim of this trial was to compare the 
effectiveness, safety and acceptability of AA and AL in children 6-59 
months of age with uncomplicated Plasmodium falciparum malaria in 
Ghana. In a open-labeled, randomized phase IV study children <5 who 
presented with fever at child welfare clinics of two rural district hospitals in 
Ghana were screened for eligibility. Participants with P. falciparum malaria 
(parasitemia 2000-200000 asexuell parasites/µl) randomly received either 
a three-days treatment of AA (Arsucam®) or AL (Coartem®). The first 
weight-adjusted dose was applied under direct observation and caretakers 
were instructed on how to complete treatment at home. Children were 
followed on days 3, 7, 14 and 28 to evaluate clinical, parasitological 
and hematological response. Re-infections were differentiated from 
recrudescent parasitemias by analyses of length-polymorphisms of msp-2 
after PCR-amplification from DNA filter paper. Primary endpoint was the 
clinical and PCR-controlled parasitological cure rate at day 28. Additional 
endpoints were drug safety (monitoring of adverse events by number, 
grade and relation to study drug) and acceptability (by standardized 
questionnaire). Outcome was related to the presence of known molecular 
markers of drug resistance. The protocol was approved by the responsible 
Ghanaian and German Ethic Committees and the study was registered 
at www.ClinicalTrials.gov (NCT00374205). Comparative assessment of 
the effectiveness of AA and AL and their acceptability will enable policy 
makers to make evidence-based decisions in selecting an appropriate ACT 
as first-line treatment for uncomplicated P. falciparum malaria. Results of 
this effectiveness study will be presented.

638
Effects of Piperaquine in a Murine Malaria 
Treatment Model

Brioni R. Moore1, Jeffrey D. Jago1, Christopher Andrzejewski1, 
Kenneth F. Ilett2, Kevin T. Batty1

1Curtin University of Technology, Perth, Australia, 2University of Western 
Australia, Perth, Australia

Piperaquine (PQ) is used widely, particularly in combination with 
artemisinin drugs, although published preclinical and pharmacokinetic 
data are limited. The aim of this study was to investigate the 
pharmacokinetics and pharmacodynamic responses of piperaquine (PQ) in 
a murine malaria ‘treatment’ model. Male Swiss mice were inoculated with 
107 Plasmodium berghei parasites and at 2-5% parasitaemia, piperaquine 
phosphate (PQP; 10, 30 or 90 mg/kg) was administered by intraperitoneal 
injection. Parasitaemia was determined from peripheral blood smears. For 
characterisation of PQ pharmacokinetics, healthy and malaria infected 
mice received 90 mg/kg PQP intraperitoneally. Blood was harvested from 
groups of mice (n=5) and plasma PQ concentration determined by HPLC. 
The pharmacodynamic study comprised determination of parasite viability, 
drug efficacy, re-inoculation responses and parasite resistance at 0, 25, 
40, 60, 90 and 130 days after PQP administration. At each time-point 
after zero, 6 mice were re-inoculated with 107 P. berghei parasites and 
blood was harvested from a further 4 mice for viability passage into naïve 
mice (n=5 for each blood sample). The median survival times were 4, 
10 and 23 days for 0, 10 and 30 mg/kg PQP respectively. By contrast, all 
mice given 90 mg/kg PQP survived >60 days (mean parasitaemia <1%). 
Pharmacokinetic data for healthy and malaria-infected mice showed 
similar terminal elimination half-lives of 18 and 16 days respectively. The 
efficacy study showed that residual PQ concentrations were not adequate 
to suppress infection after 25 days. Viable parasites were present until 90 
days after dosing. Nevertheless, only 50% and 25% of passaged parasites 
remained viable at 60 and 90 days respectively. We have demonstrated 
that high dose PQP resulted in long-term survival of P. berghei-infected 
mice. Since PQ concentration in plasma was inadequate for parasite 
suppression after 25 days, we conclude that the immune system plays 
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an important role in the maintenance of a persistent, sub-clinical 
parasitaemia.

639
Rethinking the Development of Antimalarial 
Combinations

Donald J. Krogstad1, Haiyan Deng1, Fawaz Mzayek1, Frank B. 
Cogswell2, Simon J. Hocart1, Ousmane A. Koita3, Mitchell A. 
Avery4, Stephen J. Cutler4

1Tulane University Health Sciences Center, New Orleans, LA, United States, 
2Tulane National Primate Research Ctr, Covington, LA, United States, 
3University of Bamako, Bamako, Mali, 4University of Mississippi, Oxford, 
MS, United States

There is a consensus that new antimalarials should not be introduced 
into clinical use as single agents because of the rapid development of 
resistance. The rationale for antimalarial combinations is that they should 
slow the development of resistance and prolong the useful lifetimes of 
new antimalarials. Recognizing the importance of this goal, the purpose 
of this abstract is to examine four potential problems with the ways 
in which combinations are currently studied and developed for clinical 
use. First, the vast majority of antimalarials (like other biologic agents) 
have exponential/semilogarithmic dose-response curves. However, the 
evaluation of antimalarial combinations for synergism, additivity or 
antagonism typically uses checkerboard testing, which assumes that the 
agents being tested have linear (arithmetic) dose-response curves. Second, 
the current approach is usually restricted to antimalarials that are effective 
alone (low IC50s, in vivo efficacies ≥ 90%). However, previous experience in 
other systems indicates that many effective combinations contain at least 
one drug which is inactive alone. Third, in vitro testing typically cannot 
address the question being asked - whether use of the combination will 
reduce the emergence of resistance in vivo, in comparison to the use of 
its components as single agents. Finally, because the number of variables 
involved in evaluating a combination is enormous, there is as yet no way 
to predict which combinations will be successful. In contrast, the current 
practice of linking agents early in the development of combinations is 
often based on proprietary considerations. As a result, it may inadvertently 
prevent a broad and thorough examination of large numbers of 
combinations and permutations. We suggest that careful re-examination 
of the current approach should facilitate the development of new and 
more effective antimalarial combinations.

640
Dissecting the Aedes aegypti anti-Dengue immune 
response

Jose L. Ramirez, Zhiyong Xi, George Dimopoulos
Johns Hopkins School of Public Health, Baltimore, MD, United States

Dengue virus is the causative agent of dengue fever and dengue 
hemorrhagic fever, diseases affecting about 100 million people annually. 
Aedes aegypti is known to transmit the virus after an extrinsic incubation 
period during which the virus is able to infect and pass the midgut barrier, 
disseminate throughout the hemocoel and infect the salivary glands. 
Dengue virus infection in the mosquito is thought to induce the expression 
of a range of immune defenses that are largely uncharacterized. Here 
we present the Ae. agypti global genome expression responses to 
dengue virus infection and reverse genetic analyses of immune pathway 
implication in anti-Dengue defense. Our study provides novel insights on 
how the mosquito utilizes its innate immune system in controlling virus 
infection.

641
QTL mapping of RNAi genes possibly related to 
dengue-2 virus dissemination in the mosquito Aedes 
aegypti  

Scott A. Bernhardt, Carol D. Blair, Barry J. Beaty, Ken E. Olson, 
William C. Black
Colorado State University, Fort Collins, CO, United States

Aedes aegypti is the most important vector of yellow fever and dengue 
fever flaviviruses. Vector competence (VC) is defined as the intrinsic 
permissiveness of an arthropod vector to infection, replication, and 
transmission of a virus. Researchers have demonstrated global variation 
in VC for flaviviruses. Several studies have suggested that the RNAi and 
apoptosis pathways play a significant role in the mosquito innate immune 
response and VC of dengue-2 virus (DENV-2). Quantitative Trait Loci (QTL) 
that determine whether mosquitoes with a DENV-2 infected midgut can 
then disseminate the virus to other tissues was previously identified by 
crossing a strain selected for high rates of DENV-2 dissemination with a 
strain selected for low dissemination rates or midgut escape barrier (MEB). 
QTL were mapped in the F2 and in an F5 advanced intercrossed line. QTL 
were identified in select regions of chromosome I, II and III. In this study, 
we developed 6 Single Nucleotide Polymorphisms (SNPs) genetic markers, 
specific to RNAi and apoptosis, based on melting curve PCR analysis. 
These markers were then mapped with respect to the existing linkage and 
MEB QTL maps. R2D2, an RNAi gene critical to the loading of siRNAs into 
the RISC complex, mapped to chromosome I under the MEB QTL at 31 
cM. Argonaute-2 and Dicer-2, other important RNAi genes, mapped to 
chromosome III. Genes related to apoptosis, inhibitor of apoptosis-1 and 
viral inhibitor of apoptosis, mapped respectively to chromosome II and 
chromosome III but not to locations under the MEB QTL. Additional RNAi 
and apoptosis genes will be mapped and association mapping will follow 
on genes demonstrating potential contribution to the variation in MEB 
and vector competence.

642
Negative Effects of Host Seroconversion On 
Mosquito Fitness

Donald E. Champagne, Ryan P. Brown
University of Georgia, Athens, GA, United States

Vertebrate hosts respond to mosquito feeding by producing antibodies 
against salivary proteins, a process termed seroconversion. Host 
seroconversion has been shown to have negative effects on the fitness of 
other arthropods, including sandflies and ticks. We determined that host 
seroconversion also negatively affects mosquitoes. Mice were exposed to 
weekly feeding for a total of five weeks by one of four mosquito species: 
Aedes aegypti, Ae. albopictus, Anopheles gambiae, and An. stephensi. 
Exposure to biting by any of these mosquitoes resulted in a progressive 
decline in the volume of blood taken, the number of eggs produced, and 
the number of those eggs that were viable. Host exposure to biting by 
one species reduced fitness of the congeneric species, but had no effect 
on mosquitoes of the alternate genus. For example, exposure to one 
Aedes species decreased performance of the other Aedes species, but 
the two Anopheles species were not affected. Host seroconversion and 
cross-reaction between species was confirmed by Western blot. When 
mosquitoes (Ae. aegypti) were fed on B-cell knockout mice, which cannot 
seroconvert, no decline in blood meal amount, egg production, or egg 
fertility was observed, confirming that the fitness-decreasing effects are 
dependent on host antibody responses. Egg production is significantly 
reduced early in the seroconversion process, before blood meal amounts 
are affected, suggesting that reduced fertility involves post-ingestion costs 
(damage) to the mosquito. We examined the role of the complement 
system in mediating these effects, and found that the reduction in fertility 
did not occur when mosquitoes were fed on C3 knockout mice. The 
blood meal contains salivary antigens (re-ingested saliva), antibodies, 
and the elements of the complement system; our results suggest these 
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components interact in the gut of the mosquito in a manner that diverts 
resources from egg production, reducing fitness. These results suggest 
that host suitability as a blood-meal source declines as the host is exposed 
to mosquito biting and develops immune recognition of salivary antigens. 
Further, the suitability of a host can be influenced by its prior exposure to 
other related mosquito species. Finally, these effects might be optimized 
through vaccination strategies that target specific antigens and elicit 
high titers of complement-activating antibody isotypes, with the goal of 
reducing mosquito populations.

643
A transgenic “sensor” strain of Aedes aegypti for 
implicating genes involved in the anti-viral RNAi 
pathway 

Zach N. Adelman, Michelle Anderson, Elaine Morazzani, Tiffany 
Gross, Nicole Plakson, Kevin M. Myles
Virginia Tech, Blacksburg, VA, United States

The RNA interference pathway is suspected of functioning as a natural 
defense in mosquitoes against arthropod-borne viruses. This implies that 
genes which encode for the protein components of the RNAi pathway 
play a role in determining vector competence. Thus determining the 
identity of these genes is of paramount importance. In order to generate 
a phenotypic marker which reflects, or “senses” the status of the 
RNA interference pathway in Aedes aegypti, a series of artificial gene 
cassettes was assembled. The first two genes encoded for the red and 
green fluorescent proteins, DsRED and EGFP. The third cassette was an 
inverted repeat sequence derived from a portion of the EGFP coding 
sequence. All three cassettes were controlled individually from the eye-
specific artificial promoter 3xP3. These cassettes were introduced as part 
of a single Mos1 transposon construct into the A. aegypti (khw strain) 
germline. Transformed “sensor” mosquitoes displayed robust DsRED 
expression in the eyes, while EGFP fluorescence was mosaic and barely 
detectable, indicating strong RNAi-based silencing. In order to determine 
if EGFP expression could be restored, performed knockdown experiments 
targeting genes potentially involved in the RNAi pathway. When DCR2 
or AGO2 were knocked-down, strong EGFP fluorescence was restored 
in the eyes. Knockdown of AGO3, a gene thought to be involved in 
the piRNA pathway in the germline, did not restore EGFP expression, 
indicating that the sensor strain activation is specific for genes involved in 
RNA interference. Interestingly, knockdown of DCR1 and AGO1 provided 
a modest increase in EGFP expression, indicating that these genes may 
provide some level of redundancy to the RNAi pathway in A. aegypti. 
This transgenic sensor strain can now be used to test genes of unknown 
function, particularly if they are suspected to play a role in the anti-viral 
innate immune response.

644
An evidence-based strategy to mitigate new water 
supply infrastructure related dengue risk in rural 
areas in southern Vietnam

Jason A. Jeffery1, Peter A. Ryan1, Nguyen T. Yen2, Hoang M. 
Duc2, Nguyen P. Le Anh2, Nguyen Hoang Le2, Vu S. Nam3, Tran P. 
Hau4, Simon Kutcher5, Brian H. Kay1

1Queensland Institute of Medical Research and the Australian Centre for 
International and Tropical Health, Brisbane, Australia, 2National Institute of 
Hygiene and Epidemiology, Hanoi, Vietnam, 3Vietnam Administration of 
Preventive Medicine, Hanoi, Vietnam, 4Pasteur Institute, Ho Chi Minh City, 
Vietnam, 5Australian Foundation for the Peoples of Asia and the Pacific 
Ltd., Ho Chi Minh City, Vietnam

The World Health Organisation recognises that water resource 
development and management may contribute to the proliferation of 
dengue and other water-related vector borne diseases by increasing 
mosquito breeding in infrastructure such as water storage jars, water tanks 
and wells. In Khanh Hoa province in central Vietnam, 92% of dengue 

mosquito production was associated with 2000-litre water storage jars 
supplied by UNICEF. As a direct result of this finding, a new project was 
established to foster broad inter-sectoral collaboration between the water 
and health sectors to devise, trial and refine new approaches to dengue 
control in three provinces in southern Vietnam. A prospective study on 
household dengue risk was conducted in one southern commune using 
randomly selected treatment households (households that received new 
water supply infrastructure) and control households (households that did 
not receive new water supply infrastructure). Quantitative entomologic 
sample methods were used to survey for Aedes aegypti immatures at 
each household every 3 months, and questionnaires were used to assess 
householders’ water storage practices and behaviours both before and 
after installation of new water supply infrastructure. Nearly 20% and 
10% of new water supply infrastructure (large 1500-litre containers) were 
positive for Ae. aegypti III/IV instars and pupae respectively, only four 
months after installation. In terms of numbers of immatures, these new 
containers were responsible for 71% and 47% of the sampled population 
of III/IV instars and pupae, respectively. When compared to control 
households, treatment households were producing 5.7 and 1.7 times 
more Ae. aegypti III/IV instars and pupae, respectively. Reassuringly, 31% 
of new containers were found to be positive for predacious Mesocyclops 
species despite no intentional Mesocyclops-based control programs having 
been implemented. Over the next 18 months, this project will continue 
to evaluate the impact that new water supply infrastructure has on vector 
numbers, and on changes in householders’ water storage practices 
and behaviours as they relate to dengue risk. From this evidence-based 
approach, suitable interventions will be developed, including augmenting 
the presence of predacious Mesocyclops species. This project will maximise 
the benefits of water supply programs by ensuring that the water they 
provide is safe from water-related vector borne diseases.

645
Sustained impact of evidence-based community-
derived communication strategies for the control 
of the dengue virus vector Aedes aegypti in 
Managua, Nicaragua  

Jorge Arostegui1, Harold Suazo1, Alvaro Carcamo1, Carlos 
Hernandez1, Josefina Coloma2, Angel Balmaseda3, Neil 
Andersson4, CIETNicaragua Dengue Group1

1CIETNicaragua, Managua, Nicaragua, 2Division of Infectious Diseases, 
School of Public Health, University of California, Berkeley, Berkeley, 
CA, United States, 3Departamento de Virologia, Centro Nacional de 
Diagnostico y Referencia, Ministerio de Salud, Managua, Nicaragua, 
4CIETinternational, Ottawa, ON, Canada

An ongoing challenge in community-based vector control is to bridge 
the gap between community knowledge and sustainable practice that 
reduces mosquito breeding sites. In response, we developed a project 
using evidence-based community-derived communication strategies 
for the control of Aedes aegypti in Managua, Nicaragua, that is now in 
its third year of operation. Thirty sentinel sites (132 houses each, for a 
total of ~3,960 households and ~23,300 individuals) were selected to 
represent the population of Managua, including 10 intervention and 
20 reference barrios. Community members (“brigadistas”) generate 
their own interventions based on evidence from their barrio consisting 
of “beyond-KAP” questionnaires, detailed entomological surveys, 
and serological evidence of dengue virus infection in children. Results 
show that in intervention barrios there is 70% more probability than in 
reference barrios that residents search for larvae/pupae on their own 
every 8 days (2005 OR 1.7 (95%CI 1.5-2.1); 2006 OR 1.7 (1.5-1.9)) and 
that intervention barrios are less dependent on pesticides than reference 
barrios (2005 OR 1.7 (1.4-2.0); 2006 OR 2.2 (1.9-2.6)), whereas in 2004 
(baseline), there was no significant difference in either of these indicators. 
Notably, 8 intervention barrios now function with minimum input from 
project facilitators. In terms of entomological indicators, in both 2005 
and 2006, the number of homes and discarded containers infested with 
Ae. aegypti pupae was 20% lower in intervention barrios compared to 
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reference barrios (OR 0.8 (0.6-0.9); OR 0.8 (0.7-1.0), respectively), in 
contrast with baseline numbers in 2004 (OR homes 1.3 (1.0-1.6); OR 
discarded containers 1.4 (1.2-1.6)). Additionally, the numbers of larvae 
and pupae per discarded container were significantly lower in intervention 
as compared to reference barrios (p<0.01, 2006). Specific “best practices” 
have been identified that contribute to the succcessful implementation 
and maintenance of the program, including the voluntary nature of 
the brigades; the transfer of autonomy, decision-making authority, and 
technical capacity to the brigadistas; formation of networks of local 
organizations that support the activities; and the use of community 
entomological surveys for self-monitoring and planning. An important 
indication of the sustainability of the intervention is that the behavioral 
and entomological gains have been maintained over time.

646
Culex pipiens amplifies West Nile virus in 
northeastern United States by vertical and 
horizontal transmission

John F. Anderson1, Andy J. Main2, Karine Delroux3, Erol Fikrig3

1The Connecticut Agricultural Experiment Station, New Haven, CT, United 
States, 2American University in Cairo, Cairo, Egypt, 3Yale University, New 
Haven, CT, United States

West Nile virus (WNV) is a tropical virus that has sporadically caused 
human disease in Europe, but, since its introduction into northeastern 
United States, it has annually caused human disease where mosquitoes 
are inactive during winter. We explain how WNV survives winter, how 
viral amplification is initiated in spring and the role of Culex pipiens 
in amplifying WNV by vertical and horizontal transmission. WNV was 
vertically transmitted to 2 F1 female Cx. pipiens from a naturally infected 
female. One vertically infected F1 female, which was 168 days old, fed, 
after termination of diapause, on a hamster that subsequently died. 
WNV was isolated from the female mosquito and from tissues of the 
hamster. These data suggest that virus survives winter in mated, but unfed 
diapausing female Cx. pipiens that acquired infection vertically in the fall. 
Amplification is initiated in spring by infected competent females feeding 
on hosts. Using hamsters and suckling mice as hosts in the laboratory, 
we demonstrated that Cx. pipiens infected per os transmits virus (1) 
horizontally during feeding and subsequently vertically to F1 progeny, 
(2) vertically without prior horizontal transmission, and (3) horizontally 
without subsequent vertical infection. All but one engorged mosquito 
horizontally transmitted virus 21 or more days post-infection at 26o C. The 
filial transmission rate was 6 1/2 %. The minimum filial infection rates in 
hamster and suckling mouse experiments were 1.34/1000 specimens and 
0.39/1000 specimens, respectively. Vertical transmission of WNV occurred 
when females laid eggs 13-33 days after infection and following blood 
meals 2-4. Six females infected offspring vertically before infecting animals 
horizontally or without horizontal transmission occurring, and five females 
transmitted virus horizontally and subsequently vertically. Transmission of 
virus to F1 offspring by Cx. pipiens before, after, and without horizontal 
transmission enhances amplification of WNV. These means of transmission 
by Cx. pipiens have enabled WNV to establish in the New World.

647
Protein trafficking to the membranes of the relict 
chloroplast of apicomplexans

Marilyn Parsons1, Anuradha Karnataki1, Amy DeRocher1, Isabelle 
Coppens2, Jean E. Feagin1

1Seattle Biomedical Research Institute, Seattle, WA, United States, 2Johns 
Hopkins University, Baltimore, MD, United States

Many apicomplexans, including Plasmodium and Toxoplasma, possess 
an essential organelle related to chloroplasts, called the apicoplast. 
Derived from a secondary, as opposed to a primary endosymbiotic event, 
the apicoplast has four membranes as compared to the two found on 
chloroplasts. The sequences directing nuclearly encoded proteins to the 

apicoplast lumen have been well-studied and are composed of a signal 
sequence followed by a transit peptide. With respect to membrane 
proteins, to our knowledge the apicoplast is the first secondary plastid 
for which trafficking to the membranes has been examined. We 
have analyzed the features and trafficking to two T. gondii apicoplast 
membrane proteins: a plastidic phosphate transporter, APT1, and a 
protease, FtsH1. Both lack the bipartite targeting sequence characteristic 
of luminal proteins. These proteins appear to be localized to multiple 
apicoplast membranes. APT1 is not processed, while FtsH1 is processed 
at multiple sites. Furthermore, APT1 is also associated with vesicles, 
particularly when the apicoplast is rapidly enlarging prior to division, 
indicating for the first time vesicular trafficking of an apicoplast protein. 
Analysis of FtsH1 deletion mutants show that both the transmembrane 
domain and peptidase domain contain elements essential for trafficking. 
These studies, combined with those from the literature on other plastids, 
allow us to build a comprehensive model for protein trafficking to the 
apicoplast.

(ACMCIP Abstract)

648
Human Defensin α-1 kills Trypanosoma cruzi via 
membrane pore formation leading to apoptosis 

M. Nia Madison, Yuliya Kleshchenko, Pius Nde, Kaneatra 
Simmons, Maria F. Lima, Fernando Villalta
Meharry Medical College, Nashville, TN, United States

Mammalian defensins play a fundamental role in the initiation of innate 
immune responses to microbial pathogens. Here we show that early 
cellular infection by Trypanosomaa cruzi, the causative agent of Chagas’ 
disease, up-regulates the expression and secretion of defensin α-1, which 
displayed a trypanocidal role. Microarray analysis of the whole human 
epithelial cell transcriptome upon short infection of cells by T. cruzi 
indicates that the parasite up-regulates the levels of transcripts of defensin 
α-1. Exposure of defensin α-1, at concentrations not toxic for host cells, 
significantly reduced the viability of infective trypomastigote forms of T. 
cruzi. Electron microscopic analysis of trypomastigotes exposed to defensin 
α-1 for a short time revealed pore formation, membrane disorganization 
and cytoplasmic vacuolization. Furthermore, pre-incubation of 
trypomastigotes with exogenous defensin α-1 followed by exposure to a 
primary culture of human epithelial cells significantly reduced trypanosome 
binding to human cells, including entry and parasite load at 72 hr. 
Defensin α-1 rapidly induces trypanosome membrane depolarization, 
membrane blebbing and DNA degradation. These results indicate that 
the induction of defensin α-1 expression in mammalian cells during 
early T. cruzi infection modulates parasite load as a result of defensin 
α-1 trypanocidal activity via apoptosis. We conclude that defensin α-1 
gene expression and peptide secretion is an effective host innate immune 
response to control T. cruzi infection. We suggest that novel therapeutic 
approaches, mimicking defensin α-1 mediated innate immune response to 
early T. cruzi infection in host cells, can be used to control Chagas’ disease.

(ACMCIP Abstract)

649
Molecular characterization of a Plasmodium-
derived inflammatory factor 

Jamie M. Orengo1, James E. Evans2, Aleksandra Leliwa-Sytek1, 
Karen P. Day1, Ana Rodriguez1

1New York University School of Medicine, New York, NY, United States, 
2University of Massachusetts Medical School, Worcester, MA, United States

Infection of erythrocytes with the Plasmodium parasite causes the 
pathologies associated with malaria, which result in at least one million 
deaths annually. The rupture of infected erythrocytes triggers an 
inflammatory response, which is induced by parasite-derived factors that 
still are not fully characterized. Induced secretion of the pyrogenic cytokine 
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TNF by these factors has been identified as a major cause of malaria 
pathogenesis. Here we describe the molecular characterization of a novel 
pathway that results in the secretion of TNF by host cells. We found that 
erythrocytes infected by murine (P. yoelii and P. berghei) and human (P. 
falciparum) parasites accumulate high concentrations of hypoxanthine 
and xanthine, which are imported by the parasite from the extracellular 
environment. Degradation of Plasmodium-derived hypoxanthine/xanthine 
results in the formation of uric acid, which triggers the secretion of 
TNF by murine dendritic cells. We also found that the degradation of P. 
falciparum-derived hypoxanthine results in the secretion of TNF by human 
dendritic cells and peripheral blood mononuclear cells. Since uric acid is 
considered a ‘danger signal’ released by dying cells to alert the immune 
system, Plasmodium appears to exploit this warning system to modulate 
the host inflammatory response. Identifying the mechanisms used by the 
parasite to induce the host inflammatory response is essential to develop 
urgently needed therapies against the disease.

(ACMCIP Abstract)

650
Review of Experimental Therapeutics Chemical 
Information System for all Compounds Active in 
Prophylaxis Animal Models

Colin Ohrt1, Lahna Jones2, John Notsch1, Jacob Johnson1, William 
McCalmont1, Charlotte Lanteri1, AJ Lin1, Wilbur Milhous1, Alan 
Magill1, William Ellis1

1Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
2Thermo Fisher Scientific, Inc, Gaithersburg, MD, United States

The primary mission of the Division of Experimental Therapeutics, Walter 
Reed Army Institute of Research, is to develop new antimalarials for 
malaria prevention. Large scale screening programs in animal models 
have been conducted. Most data collected since the 1960s is captured 
in our Chemical Information System (ETCIS). Tools have been developed 
to capture summary data for each compound in each test system in flat 
output side-by-side. The system administrator exported all compound 
numbers with activity from the three main causal (liver stage active) test 
systems: single dose mouse mode (RP), single dose chick model (CB), and 
causal/radical cure rhesus model (DB). In addition, output included drug/
chemical name, smile for structure, quantity of drug on hand, efficacy 
from 14 other test systems, and basic drug information when available. 
MM is a single dose mouse blood stage efficacy model, and RR and TC 
are two trypanosome models. Over 300,000 compounds are registered in 
ETCIS. Of these, 4853 unique Walter Reed numbers were identified that 
were defined as active or curative in one of the three causal prophylaxis 
models. Of these, the following numbers were defined in the following 
models: RP (19 active, 4083 curative); CB (1087 active, 494 curative); 
DB (42 active, 324 curative); MM (385 active, 1454 curative); RR (5 
active, 77 curative); and TC (35 active, 150 curative). The vast majority 
of these compounds have not been tested in vitro against malaria. We 
are currently in the process of assessing and defining each compound in 
terms of chemical class, efficacy, toxicity, resistance, and pharmacokinetics 
based on available information to make a decision and define any actions 
needed based on that decision. This information will be uploaded in to 
ETCIS. Several compounds of interest have been identified out of the first 
500 compounds assessed. Pipeline Pilot™ has been purchased which will 
further enhance our ability to understand relationships between these 
compounds and to evaluate leads. Summary results of this endeavor 
will be presented. The intent is to publish this database in an electronic 
format. We seek partners to evaluate and develop the leads identified in 
this exercise, as well as those from other available test systems.

651
Real Time Electronic Data Capture (EDC) in Phase III 
CDA trials optimises safety monitoring checks and 
trial conduct

Alfred Tiono1, Alassane Dicko2, Zul Premji3, Tsiri Agbenyega4, 
Jacob O. Awobusuyi5, Steffen Borrmann6, Fabian Essamia7, 
Emmanuel Ezedinachi8, Robert Guiguemde9, Achille 
Massougbodji10, Dennis Ndububa11, Stephen Oguche12, Louis 
Penali13, Simon Pitmang14, Seth Owusu-Agyei15, Akin Sowunmi16, 
Rich Umeh16, Ismaila Watila17, Anthony Thompson18, Lisa Nash18, 
Li Ean Goh18
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Teaching Hospital, Kumasi, Ghana, 5Lagos State University Teaching 
Hospital, Lagos, Nigeria, 6Kenya Medical Research Centre, Kilifi, Kenya, 
7Moi University, Eldoret, Kenya, 8University of Calabar Teaching Hospital, 
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Antimalarial drug development faces major challenges. The conduct and 
reporting of clinical trials is always complex, consuming large amounts 
of time and resource. In an effort to increase the efficiency of research 
data collection, GSK introduced direct Electronic Data Capture (EDC) via 
the internet across geographically dispersed sites in Africa for the first 
time in the CDA (Chlorproguanil/Dapsone/Artesunate) phase III program. 
The Phase III CDA programme comprises of 2 multi-centre, double-blind 
2:1 randomised comparative trials (CDA vs. LapDap, n=900; CDA vs. 
Coartem; n=1395) with PCR adjusted efficacy at Day 28 as the primary 
endpoint and characterisation of safety and tolerability as the secondary 
endpoint. Spanning East and West Africa, these 23 investigational sites 
have varying infrastructure - from university teaching hospitals to some 
without access to running water. Despite these differences, the internet 
based EDC has integrated two important disciplines of clinical research; 
the conduct of trial at the site with the data analysis and reporting at the 
Sponsors, (GSK). EDC gives visibility of the trial data at any site, any time. 
Reporting and analysis which are embedded within the EDC allows GSK to 
track key operational metrics such as subject enrolment, eCRF status and 
query closure status enabling earlier detection of trends and anomalies 
thereby helping to achieve performance targets. This immediate access to 
information has allowed important insight into evolving laboratory and 
adverse events data. A central medical monitor and pharmacovigilance 
unit can review all safety parameters online. This overview has allowed 
any emergent trends to be communicated rapidly to the Independent 
Data and Monitoring Committee. We discovered that EDC may be 
further optimised if all sites have high speed, uninterrupted Internet 
access. EDC portal allows information exchange and document sharing 
between site personnel, the Sponsor and external partners such as WHO 
and MMV through a specific password protected access. On-line web 
based instructions have been used for the system’s software training. The 
EDC can accommodate protocol amendments and varying IRB requests 
allowing immediate “bespoke” screens to be set-up without a huge paper 
trail, printing costs and lead-time. Milestone tracking can be performed 
expeditiously and routinely. Data from the EDC can be downloaded in 
many formats ranging from EXCEL based reports to SAS formats for 
comprehensive statistical analysis. Once the trials are completed, the EDC 
helps streamline the regulatory submission process by the automated 
generation of electronic versions of patient data. Taking all these together, 
EDC will most importantly generate a higher level of safety monitoring 
compared to the conventional paper based CRF. Thus, by accelerating the 
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drug development process, EDC may become an essential new business 
and clinical research tool.

652
A Multi-Dimensional Screening Strategy to 
Discover New Antimalarial Therapeutics 

Mary Lynn Baniecki1, Margaret A. Rush2, Vishal Patel1, Ralph 
Mazitschek3, Robert Barker4, Roger Wiegand3, Jeff Klinger4, Dyann 
F. Wirth2, Jon Clardy1

1Harvard Medical School, Boston, MA, United States, 2Harvard School of 
Public Health, Boston, MA, United States, 3The Broad Institute of Harvard 
and MIT, Cambridge, MA, United States, 4Genzyme, Waltham, MA, United 
States

New therapeutic agents for the treatment of malaria, the world’s most 
deadly parasitic disease, are urgently needed. The emergence of multi-
drug resistant parasites, especially in Plasmodium falciparum, has eroded 
the efficacy of almost all currently available therapeutic agents. The 
discovery of new drugs, including drugs with novel cellular targets, could 
be accelerated with a whole-organism high-throughput screen (HTS) of 
structurally diverse small molecule libraries. We report a whole-organism 
P. falciparum (Pf) growth assay that is technically simple, robust, and 
compatible with the automation necessary for HTS. The assay uses DAPI 
staining of DNA as a reporter of blood-stage parasite growth. The whole-
organism method is optimal since it will allow all relevant blood-stage 
targets to be screened simultaneously and will assure that screening 
positives have desirable properties such as cell permeability and activity in 
the context of the cell environment. To date, over 80,000 small molecules 
have been screened and 104 compounds were identified as highly active 
against multi-drug resistant (MDR) parasites. Compounds were screened 
at a concentration of 6µM and designated as a screening positive if 
growth was less than 10 % of that seen in DMSO control wells. The highly 
active compounds were assayed for mammalian cell toxicity and dose-
response. One hundred compounds were identified to have a half maximal 
inhibitory concentration (IC50) value of ≤ 1μM with a 20-fold selectivity 
index. To determine the biological activity of these screening positives we 
implemented a multi-dimensional screening strategy to investigate the 
effects of the compounds on biological phenotypes (parasite invasion into 
the host cell erythrocyte, heme polymerization and MDR P. falciparum field 
isolates), putative enzymatic targets (heat shock protein 90, dihydroorotate 
dehydrogenase, and histone deacetylases) and drug synergistic 
interactions. Several compounds were found to be effective inhibitors in 
these various assays; providing insight into their mechanism of action.
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Malaria-infected Mice Are Cured By New Trioxane 
Dimers
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Malaria is a leading cause of death and disease within the developing 
world affecting people who live in tropical climates the most. Artemisinin 
is a naturally occuring product from a Chinese plant that has been 
known for centuries to have antimalarial activity and has shown little 
to no resistance in modern usage. Short half-life coupled with poor 
bioavailability have prompted the search for a more potent artemisinin-
based drug. We have rationally designed and easily synthesized (4 or 5 
high-yielding steps from artemisinin) a series of new artemisinin-derived 
trioxane dimers. These C-10 carbon dimers were designed to be more 

robust in vivo (i.e. to have longer half-lives) than C-10 acetal trioxanes like 
sodium artesunate, artemether or arteether. The Swiss Tropical Institute 
(STI) has tested the in vivo efficacy of over 100 of our designer trioxane 
dimers. Nine of these dimers cured P. berghei-infected mice upon oral 
administration at a dose of 3 x 30 mg/kg (no parasitemia on day 30 post 
infection). Several dimers substantially prolonged mouse survival at an oral 
dose of 3 x 10 mg/kg, and one dimer cured two of three mice at an oral 
dose of only 3 x 10 mg/kg. Neither overt toxicity nor behavioral change 
attributable to trioxane dimer administration was observed visually in any 
of the cured animals.

654
Antimalarial activity and mechanism of action of 
artemisinin antimalarials: Is the digestive vacuole 
(DV) the primary target?

Maria del Pilar Crespo Ortiz1, Thomas Avery2, Eric Hanssen3, 
Dennis Taylor2, Leann Tilley1

1Department of Biochemistry, La Trobe University, Melbourne, Australia, 
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3Centre of Excellence for Coherent X-Ray Science, La Trobe University, 
Melbourne, Australia

Artemisinin and derivatives are the most potent antimalarial drugs. 
However the bioavailability, affordability and toxicity of artemisinin 
antimalarials need to be improved and the efficiency of production should 
be enhanced or the compounds replaced with synthetic endoperoxides. 
A major impediment to the development of novel endoperoxides is the 
fact that the specific mechanism of action of artemisinin antimalarials 
is still debated. A proposed mechanism of action involves the build up 
of activated radical derivatives leading the damage of specific parasite 
targets such as the Ca+2-ATPase, SERCA or the parasite’s mitochondrion. 
In this study, we synthetised and tested a series of 16 novel endoperoxides 
and explored the mechanism of action of the most effective compounds. 
Antimalarial activity and drug interactions were determined by growth 
inhibition assays (IC50) and isobolograms. Bicyclic trans-epoxide 
endoperoxides show the highest antimalarial activity. Two compounds 
exhibited significant antimalarial activity (IC50 80-250 nM) against both 
chloroquine (CQ) sensitive and resistant parasites. Cellular compartments 
in control and drug-treated parasites were examined and quantified by 
microscopy using specific fluorescent probes and electron microscopy 
(EM). Little or no early stage effects of the drugs (at 40x IC50) on the 
mitochondrial membrane potential (based on Rhodamine 123 uptake) 
or ER structure (based on ER Tracker staining) were found. Moreover, no 
antagonistic interaction was observed between thapsigargin, a SERCA 
inhibitor, and the AA, suggesting different molecular targets. By contrast, 
the cellular distribution of the pH probe, LysoSensor Blue, is rapidly altered 
upon AA treatment suggesting early disruption in the DV pH gradient. 
Additionally EM analysis revealed increased numbers of endocytic vacuoles 
in some parasites early after the treatment with the novel endoperoxides 
and total disruption of parasite organelles and membranes after 24 hours 
treatment with artemisinin. Our findings suggest that early effects on 
the parasite DV may underpin the mechanism of action of this important 
antimalarial class.

655
Toward Optimization of ‘Reversed Chloroquines’: 
Improvements and new scaffolds

David H. Peyton, Steven J. Burgess, Jane X. Kelly, Bornface 
Gunsaru, Cheryl Hodson, Katherine Liebman
Portland State University, Portland, OR, United States

One response to the proliferation of chloroquine-resistant (CQR) 
Plasmodium falciparum malaria has been offered in the form of ‘reversal 
agents’, molecules that have little or no antimalarial activity on their own, 
but affect CQR malaria such that it becomes sensitive to CQ (i.e., acting as 
if it were CQS). We have previously reported our work on the development 
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of “reversed CQs” (RCQs), made by covalently linking CQ and a reversal 
agent, as reported previously. Should this approach prove to be successful, 
such ‘reversed CQs’ (RCQs) would have considerable advantages over 
CQ/reversal agent cocktails. We now report on an increasing array of 
molecules that were designed to probe the structural features that are 
essential for outstanding antimalarial activity against CQR, as well as CQS, 
P. falciparum malaria. IC50 values have been achieved that are about one 
order of magnitude lower than that of even CQ against CQS P. falciparum 
malaria. The RCQ physical/chemical properties can be altered over a 
broad range, leading to the possibility of independently producing both 
prophylactic and curative variants; this also means that we should be able 
to ‘tune’ the molecules such that they will be very good ‘partner’ drugs to 
others, setting-up combination therapies. In addition, some RCQ structural 
variants, which were originally designed to ‘fail’, had significant activity 
against the CQS and CQR strains. Thus, it appears that we have uncovered 
new lead molecular scaffolds against malaria, even if we do not yet know 
their target(s) in the parasite.

656
Selective Inhibitors of β-Ketoacyl ACP Synthase 
III (pfKASIII) in Plasmodium falciparum Fatty Acid 
Synthesis: from target validation to in vivo 
efficacy 
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Plasmodium falciparum possesses a Type II fatty acid synthesis (FAS) 
pathway that has become an attractive malaria drug target. We have 
utilized a structure based approach that integrates biological assays with 
computational chemistry to select novel chemotypes. Through this process 
we have identified several inhibitors that are potent against PfKASIII and 
the parasite. Of approximately 1000 compounds screened, 95 compounds 
have IC50 values in the low micromolar range. These compounds were 
tested in our in-house in vitro P. falciparum assay, and 47 compounds 
inhibited both the W2 and D6 strains at IC50 values of less than 10 
micromolar. These compounds exhibit drug-like properties and low toxicity 
parameters. Selected compounds were further evaluated in the P. berghei 
malaria mouse model for both erythrocytic and exo-erythrocytic activity. 
Several compounds demonstrated remarkable causal activity suggestive 
that PfKASIII is important for liver stage development. We also observed 
suppressive blood stage activity for these compounds that showed better 
efficacy than triclosan, a malaria FAS inhibitor of the PfENR enzyme. 
Studies are now underway to validate PFKASIII as a drug target and to 
establish a true correlation between enzyme inhibition and anti-parasitic 
activity.
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Climate, evolution, and the transmission of West 
Nile virus in mosquitoes
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The distribution and intensity of transmission of vector-borne pathogens is 
dependent on their ability to infect, disseminate, and be transmitted when 
the vector takes a blood meal. West Nile virus (WNV) was introduced into 
the western hemisphere in 1999 and has subsequently spread throughout 
much of North, Central, and South America. Here we show that evolution 
and climate help shape the distribution and intensity of transmission of 

WNV. A newly emergent genotype of WNV that was first detected in 2001 
and subsequently spread across the US was more efficient at infecting, 
disseminating, and being transmitted by Culex pipiens mosquitoes than 
the original 1999 genotype. The infection and transmission of WNV 
increased nonlinearly with temperature and the incubation period, and 
the genotypes sometimes differed in response to incubation temperature. 
We used a degree-day model with an additional incubation temperature 
term that accounted for the accelerated infection and transmission at 
higher temperatures after the same number of degree days to predict 
the influence of climate on the distributional and seasonal limits of WNV 
transmission in eastern North America where Cx. pipiens is the dominant 
enzootic vector. There was strong evidence that cold temperatures 
determined the end of the WNV transmission season along the Atlantic 
coast. These results highlight the dynamic nature of pathogen-vector 
interactions and the consequences for spatial patterns of disease 
transmission.

658
Infection, dissemination, and transmission of 
a West Nile virus green fluorescent protein 
infectious clone by Culex pipiens quinquefasciatus 
mosquitoes  

Charles E. McGee, Alexandr V. Shustov, Konstantin Tsetsarkin, 
Ilya V. Frolov, Peter W. Mason, Dana L. Vanlandingham, Stephen 
Higgs
University of Texas Medical Branch, Galveston, TX, United States

We report the construction and characterization of a full length West 
Nile virus cDNA infectious clone (ic) that utilizes a recombinant expression 
cassette to facilitate green fluorescent protein (GFP) reporter gene 
expression whilst preserving the integrity of the WNV open reading frame. 
Virus derived from WNV-GFP ic stably infected, replicated, disseminated 
and was transmitted by Culex pipiens quinquefasciatus mosquitoes, with 
subsequent replication in three-week-old mice fed upon by infected 
mosquitoes. Focal GFP expression in mosquito midguts was observed at 
three days post-infection (dpi) with a WNV-GFP infectious bloodmeal, with 
the majority of posterior midgut epithelia cells being positive by seven dpi. 
Additionally GFP foci were observed in salivary glands dissected 14 dpi. 
WNV-GFP viremia and lymph node infection were also detected in mice 
fed upon by intrathoracically infected mosquitoes. These data demonstrate 
the effectiveness of our strategy to generate a stable, replication 
competent flavivirus construct which expresses a reporter gene to study 
inter- and intra- host WNV transmission.

659
Delivery of West Nile Virus by Mosquito Bite Results 
in Higher Viremia, Earlier Neuroinvasion, and 
Faster Spread to Peripheral Tissues

Linda M. Styer, Karen L. Louie, Rebecca G. Albright, Laura D. 
Kramer, Kristen A. Bernard
Wadsworth Center, New York State Department of Health, Albany, NY, 
United States

Although most animals in nature are infected with West Nile virus (WNV) 
through the bite of infected mosquitoes, most laboratory animals are 
infected with WNV by needle inoculation. Our goal was to determine if 
mice infected with WNV by these two methods differ in their response 
to infection. A previous study showed that Cx. tarsalis females inoculate 
~105 PFU of WNV extravascularly and ~200 PFU intravascularly (IV) 
while probing and feeding on a host. In this study, 6 wk old mice were 
infected with WNV by SC inoculation of 105 PFU in the left rear foot pad 
or through the bite of a WNV-infected Cx. tarsalis at the same location. 
Viremia peaked higher and earlier in mosquito-infected mice; peak viremia 
was 104.3 PFU/ml at 48h for mosquito-infected and 103.6 PFU/ml at 72h 
for needle-infected mice. WNV invaded central nervous system tissues 
earlier in mosquito-infected mice. At 48h, more mosquito-infected mice 
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had WNV in brain and spinal cord (42% and 75%) than did needle-
infected mice (6% and 39%). WNV spread to peripheral tissues faster in 
mosquito-infected mice. WNV titers in the spleen were 8-23 fold higher in 
mosquito-infected mice at 24 and 48h (p<0.01). Additionally, WNV titers 
in the foot pad and draining lymph node opposite the inoculation site 
were 4-7 fold higher in mosquito infected mice at 48h (p<0.05). Higher 
WNV titer in sera and tissues did not increase morbidity and mortality 
in mosquito-infected mice. To determine if the small amount of virus 
inoculated IV by mosquitoes could account for the differences between 
mice infected by mosquito bite or needle, we compared serum and tissue 
titers of mice inoculated with 105 PFU SC ± 200 PFU IV. We found no 
significant differences between the two groups of mice. In conclusion, 
mice infected with WNV by mosquito bite exhibited higher viremia, 
earlier neuroinvasion, and faster spread of the virus to peripheral tissues. 
Enhanced infection in mice infected by mosquito bite was not due to 
direct inoculation of virus into the blood. Future studies will determine if 
mosquito bite enhancement is due to mosquito saliva.
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Structural mutations within the prM and E 
genes of a West Nile virus from Mexico confer an 
attenuated replication phenotype in avians 
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In contrast to explosive epidemic/epiornitic West Nile virus (WNV) 
transmission in the United States and Canada, circulation of the virus in 
Mexico and Central America has been characterized by little disease in 
humans, equines or avian hosts. A WNV isolate (TM171-03) made from 
a raven in Tabasco state, Mexico in 2003 exhibited reduced replication 
and lower mortality as compared to other North American isolates 
following experimental infection of American crows (AMCR). To identify 
the genetic determinants responsible for a 5 log10 PFU/mL reduction in 
viremia observed for the Mexican strain, an infectious cDNA clone of the 
TM171-03 virus was engineered and used to generate recombinant WNVs 
for in vivo phenotypic comparisons with clone-derived, virulent NY99 virus 
in the AMCR virulence model. Four amino acid substitutions [prM-I141T, 
E-S156P, NS4B-I245V and NS5-T898I, with the envelope mutation (E-
S156P; N-Y-P) encoding an ablation of the N-linked glycosylation site (N-
Y-S)] and three 5’NCR and four 3’NCR mutations were identified between 
the avian virulent NY99 and the lesser virulent TM171-03 strain. Only 
chimeric viruses with altered prM and/or E mutations modulated viremia 
and virulence potential in AMCRs. The E-S156P mutant exhibited reduced 
virulence (75% with average survival times extended by approximately 2 
days; about 800-fold reduction in mean peak viremia titer) as compared to 
the NY99 parental strain in which 100% of AMCRs died. The prM-I141T 
mutant resulted in 80% mortality and a 40-fold reduction in mean peak 
viremia titer. The prM-I141T + E-S156P combination mutant resulted in 
a virus that elicited a 38,000-fold drop in peak viremia titer and a 50% 
survivorship, not significantly different from the parental Mexican strain. 
These data indicate that the combined effects of the prM-I141T and E-
S156P mutations encode the reduced avian replication phenotype of the 
TM171-03 virus, and perhaps of related strains, in Latin America, and 
that these genetic determinants might contribute to diminished WNV 
transmission south of the United States-Mexican border.
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Attenuating mutations in the West Nile Virus NS3 
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An attenuated strain of West Nile virus (WNV) that failed to induce 
mortality in mice was recovered after 20 passages of clone-derived virus 
in Culex pipiens mosquitoes. To determine the viral genetic changes 
associated with this attenuation, the complete genome was sequenced, 
and two putative attenuating mutations were identified. The attenuated 
strain had an aspartic acid deletion in the NS3 protein and a methionine 
to threonine substitution in NS4a protein. We evaluated the relative 
contribution of these mutations to the attenuated phenotype by 
engineering them, individually and in combination, into an infectious 
cDNA clone of the NY99 strain of WNV. Plaque size, virus production 
and mouse morbidity and mortality of the resulting viruses were then 
evaluated. The NS3 deletion was associated with small plaque size. Both 
the NS3 and NS4a single mutations suppressed virus production by BHK 
cells relative to wild-type WNV, and the double mutant was additionally 
deficient early during the course of infection. In C3H mice, the LD50 for 
both the double mutant and the single NS3 mutant were greater than 
105 PFU/mouse and the LD50 for the single NS4a mutant and wild type 
WNV were less than 10 PFU/mouse. Ongoing studies are characterizing 
the ability of these mutants to produce viremia in mice, and determining 
their tissue tropism. These results suggest that deletion of an NS3 Asp 
residue that is relatively conserved among encephalitic flaviviruses leads to 
attenuation of WNV.

662
In vivo phenotypic differences between West Nile 
virus genotypes may contribute to genotype 
displacement 

Robin M. Moudy, Laura-Lee L. Morin, Mark A. Meola, Laura D. 
Kramer
Wadsworth Center, New York State Department of Health, Albany, NY, 
United States

Studies examining the evolution of West Nile virus since its introduction 
into North America have identified the emergence of a new dominant 
genotype (WN02) that has displaced the introduced genotype (NY99). Our 
current work involved examination of potential mechanisms leading to this 
displacement. Previously, we found that the extrinsic incubation period 
(EIP) of viruses belonging to the WN02 genotype in Culex (Cx.) pipiens and 
Cx. tarsalis was two to four days shorter than the EIP of NY99 genotype 
viruses; however, there were no differences in either replication efficiency 
or fitness between the genotypes in vitro. To determine if replicative 
differences were present in vivo that could not be detected in our in 
vitro system, we inoculated Cx. pipiens intrathoracically with 10 pfu of a 
WN02 or NY99 virus and determined the virus titers in the mosquitoes 
from 1 to 14 days post-inoculation. Titers of the NY99 genotype were 
significantly lower than those of the WN02 genotype from 2 to 14 days 
post-inoculation, indicating that WN02 genotype viruses replicate more 
efficiently in mosquitoes than NY99 genotype viruses. We also examined 
whether the difference in EIP was observed following inoculation as well 
as following feeding, which would suggest that WN02 genotype viruses 
were more easily able to enter and replicate in the salivary glands. Both 
NY99 and WN02 viruses were transmitted beginning at 2 days post-
inoculation, suggesting that the difference in EIP following feeding is due 
to WN02 genotype viruses more easily overcoming the midgut barrier. 
These data combined suggest that the WN02 genotype is more efficient 
at some aspect of the viral replication cycle, such as binding and entry, 
intracellular replication, packaging, and/or egress, allowing it to more 
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quickly disseminate from the midgut. Studies using mixed genotype 
infections in mosquitoes are providing further information regarding the 
potential mechanisms of genotype displacement observed in nature.

663
Long term IgM and IgG Index values to West Nile 
Virus in a Multi-variant sample set from New 
Mexico WNV Survivors 
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New Mexico experienced an epidemic of West Nile virus beginning in 
2003, with a lesser number of cases recorded yearly since. Of the original 
209 patients identified by serology and clinical symptoms, there were 
67 cases of neuroinvasive disease (WND) and 142 West Nile Fever (WNF) 
cases. We identified all living patients (205). Additional patients were 
added as they were identified. All patients had positive CSF or serum 
WNV IgM. A comprehensive statewide followup study was undertaken 
over the next year, with data collected beginning 9 months post illness. 
A total of 137 patients completed initial followup interviews and phone 
interviews. Convalescent serum samples were obtained from 76 subjects. 
Paired serologies were run using archived samples from the acute illness 
whenever possible (n=22). Serial samples were obtained up to day 700 
in 18 patients identified as persistently IgM positive. Samples were tested 
using Focus Technology’s IgM capture enzyme-linked immunosorbent 
assay (MAC-ELISA) and WNV IgG ELISA. Results of these assays were 
interpreted as positive, equivocal or negative depending on the respective 
published index ranges. By day 200, a reversal of the IgM:IgG ratio was 
noted and by one year post illness, West Nile IgG levels exceeded IgM 
ratios in all subjects. By day 700, IgG levels were maintained significantly 
higher than IgM in 16 serofast patients. Using the IgM:IgG index ratio, a 
paired two sample test comparing IgM positive 0-60 day samples (95% 
CI, 2.7-6.8) to IgM positive convalescent samples ((95% CI, 0.45-0.64) 
are significantly different (P < .0005). The IgG to IgM ratio may be an 
important tool in determining acute vs. convalescent disease in patients 
who remain IgM serofast.

664
IL-4 mediates human B cell responsiveness to 
schistosomal antigens

Barbara Nikolajczyk1, Pauline Mwinzi2, Diana Karanja3, W. Evan 
Secor4, Daniel Colley5, Lisa M. Ganley-Leal1

1Boston University School of Medicine, Boston, MA, United States, 2Kenya 
Medical Research Institute, Kisian, Kenya, 3Kenya Medical Research 
Institute, Kenya, Kenya, 4Centers for Disease Control and Prevention, 
Atlanta, GA, United States, 5University of Georgia, Athens, GA, United 
States

Many studies have demonstrated an association of elevated serum IgE 
and the ability to produce Th2-cytokines with protective immunity to 
schistosomes. However, the mechanism(s) by which IgE might afford 
protection remain elusive. Furthermore, B cells, the producers of IgE, 
are greatly understudied in human schistosomiasis. We have begun 
to examine the interplay between IgE and B cells as well as potential 
additional roles B cells may have in mediating protective immunity. We 
recently observed that elevated expression of CD23 (Fc-epsilon RII, the 
low affinity IgE receptor), on circulating B cells correlates with resistance 
to reinfection to schistosomes in an occupationally exposed cohort of 
Kenyan adult men. Experimentally, IL-4 upregulates CD23 and CD23-
bound IgE promotes nascent production of IgE in response to specific 

antigen. This suggests that CD23 might help to maintain existing levels of 
parasite-specific IgE in infected individuals but does not answer how the 
production of is IgE initiated. Because the ability to produce high levels 
of IL-4 is associated with resistance, we sought to determine whether 
IL-4 might stimulate naïve B cells to react with schistosome antigens. 
Human naïve B cells from unexposed, uninfected donors did not respond 
to crude schistosome antigens, demonstrating that naturally occurring 
B cell receptors do not recognize schistosomes. In contrast, naïve B cells 
that had been exposed to IL-4 developed the ability to respond to crude 
schistosome antigens and display characteristics of activation (upregulation 
of CD69) and differentiation (upregulation of CD77, CD38). We identified 
two pattern-recognition receptors induced by IL-4 which have not been 
traditionally considered to be expressed by human B cells. Biochemical 
studies on the receptor promoter sites show how IL-4 might mediate its 
effect on the expression of these receptors by human B cells. We propose 
that local IL-4 production allows B cells to react either directly with 
schistosome antigens via innate receptors in naïve people or indirectly via 
CD23-bound IgE in immune individuals, whereby the internalization of 
antigen would ultimately lead to nascent or elevated parasite-specific IgE.

(ACMCIP Abstract)
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Abundance of immunomodulatory proteins 
revealed by analysis of the excretory-secretory 
(E/S) proteome of Brugia malayi  

Sasisekhar Bennuru1, Roshanak Semnani1, Jose MC Ribeiro2, 
Zhaojing Meng3, Timothy D. Veenstra3, Thomas B. Nutman1
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Allergy and Infectious Diseases, National Institutes of Health, Bethesda, 
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Relatively very little is known about the filarial proteins that interact with 
the human host’s immune system. Although the filarial genome has 
recently been completed, the extent of our knowledge of their proteomes 
is limited to a few recombinant or purified proteins of interest. Here 
we describe a large-scale proteomic analysis of the excretory-secretory 
products of the filarial parasites. Proteomes of both the somatic and 
excretory secretory products of multiple life stages were analyzed 
using nanocapillary reverse-phase liquid chromatography-tandem mass 
spectrometry (nanoRPLC-MS/MS). The MS/MS spectra were searched 
against the Brugia malayi (Bm) database at TIGR (The Institute of Genomic 
Research). Methionine oxidation and phosphorylations on serine, 
threonine and tyrosine were included as dynamic modifications in the 
database search. To account for the contribution of Wolbachia, the spectra 
was also searched against a Brugia malayi Wolbachia database. The 
analysis revealed a total of 6131 proteins from all the stages (live adults, 
microfilariae, and L3 larvae) with 5911 somatic proteins being identified 
(of which 567 proteins were found in the E/S products of live adult 
parasites and microfilariae). 220 proteins were found to be exclusively E/S 
in origin. Annotation suggests that the functional and compartmental 
distribution is similar across each of the stages studied, but that Mf were 
more likely to secrete or excrete proteins compared to the other stages. 
Of the 787 proteins identified as excretory-secretory, only 164 proteins 
had confirmatory expressed sequence tag (EST) evidence; moreover, this 
analysis was able to confirm the presence of 291 “hypothetical” proteins 
inferred from gene predictions from the Bm genome . Not surprisingly, 
the majority (174 of 291) were predicted to be secreted by Signal IP and 
SecretomeP 2.0. Of major interest is the abundance of characterized 
immunomodulatory proteins such as ES-62 (leucyl aminopeptidase), MIF-
1, SERPIN, glutathione peroxidase, and galectin in the ES of microfilariae 
(and mf-containing adult females) compared to the adult males. In 
addition, the ES protein spectra scanned against the Wolbachia database 



191

www.astmh.org

resulted in the identification of 91 Wolbachia specific proteins, most of 
which were enzymes that have not been shown to be immunogenic. This 
proteomic profiling, thus, provides a direct (and non-theoretical) basis for 
understanding host-parasite interaction.

(ACMCIP Abstract)
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Coexistent filarial infections downregulate 
antigen-specific Th1 and Th17 responses in 
latent tuberculosis: association with enhanced 
expression of CTLA-4 and PD-1  

Subash Babu1, V. Jayantasri2, S. Rukmani2, Paul Kumaran2, P. G. 
Gopi2, K. Sadacharam2, V. Kumaraswami2, Thomas B. Nutman1
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Research Centre, Chennai, India

Filarial infections and tuberculosis are co-endemic in many parts of the 
world and co-infections occur often in the same individual. Consequently, 
one infection may influence the immune response to a second one. We 
examined the effect of filarial infection on the immune responses of PPD+ 
individuals to PPD, Mycobacterium tuberculosis culture filtrate antigen 
(Mtb CFA) or anti-CD3. We found that filarial infected individuals (n=15) 
have significantly lower PPD- and CFA- specific Th1 cytokine - IFN-γ 
(Geometric Mean (GM) of 1 vs. 49 [for PPD] and 1 vs. 48 ng/ml [for Mtb 
CFA], p=0.0397 for PPD and 0.0295 for Mtb CFA) and IL-12 p70 (GM of 
4 vs. 68 and 8 vs 156 pg/ml, p=0.0095 for PPD and 0.0067 for Mtb CFA) 
- production compared to filarial uninfected individuals (n=12). In contrast, 
PPD and Mtb CFA specific IL-4 (GM of 32 vs. 1.2 and 32 vs. 1.3 pg/ml, 
p=0.0295 for PPD and 0.0253 for Mtb CFA) was significantly increased 
in filarial infected individuals. Filarial infected individuals also exhibited 
significantly diminished production of IL-17 to PPD (GM of 15 vs. 246 
pg/ml, p=0.0012) and Mtb CFA (GM of 39 vs. 748 pg/ml, p=0.0004); 
and IL-23 to PPD (GM of 69 vs. 632 pg/ml, p=0.0012) and Mtb CFA (GM 
of 67 vs. 501 pg/ml, p=0.0026). This cytokine modulation is associated 
with diminished expression of T-bet (GM fold change of 0.57 vs. 1.4 and 
0.73 vs. 1.36, p=0.0090 and 0.0163 respectively) - but not by alteration 
of GATA-3, Foxp3 (transcription factor for regulatory T cells), SOCS-1 and 
SOCS-3 (suppressors of cytokine signaling) in filarial infected individuals 
nor with differential expression of IL-10 and TGF-beta. However, filarial 
infected individuals exhibited significantly increased expression of the 
negative costimulatory molecules - CTLA-4 (GM fold change of 2.01 vs. 
1.13 and 2.68 vs. 1.34, p=0.0374 and 0.0174) and PD-1 (Gm fold change 
of 1.83 vs. 0.94 and 2.04 vs. 1.22, p=0.0250 and 0.0374) in response 
to PPD and Mtb CFA respectively and - BTLA (p=0.0472) and GITR-L 
(p=0.0250) at baseline. No significant difference in the anti-CD3 induced 
immune response was noted between filarial infected and uninfected 
individuals. Thus, the presence of filarial infections has a profound 
downregulatory effect on protective Th1 and Th17 responses in latent 
tuberculosis and could potentially influence the development of active 
tuberculosis.

(ACMCIP Abstract)
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Brugia malayi microfilariae inhibit IFNγ and TNF-α in 
response to Mycobacterium tuberculosis infection 
in a murine coinfection model 

Kawsar R. Talaat1, Carl G. Feng1, Charles A. Scanga2, Margaret 
M. Mentink-Kane1, Sandy White1, Thomas B. Nutman1
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Control of Mycobacterium tuberculosis (Mtb) infection requires a strong 
Th1 response, in which IL-12 and IFNγ predominate. Helminth infection 
may influence the response to a concomitant Mtb infection by inhibiting 

these critical Th1 responses. Moreover, filaria/Mtb coinfection is highly 
prevalent in human populations as these two infections have overlapping 
areas of endemicity. Previously, an in vitro coinfection model demonstrated 
that Brugia malayi, microfilariae (mf) rendered human monocyte-
derived dendritic cells less capable of driving CD4+ T cell production of 
IFNγ in response to Mtb. We have now utilized C57BL/6 mice injected 
intravenously with B. malayi mf prior to an aerosolized infection with Mtb. 
We found first that the coinfected mice were not more susceptible to Mtb 
infection in the lung or spleen than Mtb-singly infected mice (GM lung: 
mf/Mtb 35 x 106 colony forming units (cfu) vs Mtb 52 x 106 cfu, p=0.55; 
GM spleen: mf/mtb 41 x 104 cfu vs Mtb 53 x104 cfu; p=0.12). Secondly, 
the mf/Mtb-exposed mice have significantly more cells in the spleens (GM 
3.8 x 108) than either of the singly infected groups of mice (Mtb GM 1.8 
x 108, mf GM 1.6 x 108 cells; p<0.005), a finding that suggests increased 
cellular recruitment and activation in the coinfected mice. Despite this, 
quantitative RT-PCR showed that the Mf/Mtb mice expressed significantly 
less IFNγ (GM ΔCT 1.5 vs 1.0; p=0.02) and TNF-α (GM ΔCT 2.6 vs 1.9: 
p=0.003) expression, but more IL-5 (GM ΔCT 12.23 vs 14.02 p=0.006) in 
their lungs than the Mtb-only infected mice. These data suggest that the 
IFNγ and TNF-α responses, known to be critical in controlling Mtb growth, 
is blunted in Mf/Mtb coinfected mice when compared to Mtb only 
infected mice and provides insight into the varied mechanisms by which 
pre-existing helminth infections may alter the outcome of mycobacterial 
infections.

(ACMCIP Abstract)
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Effects of CXCL10 on Dendritic cells and CD4+ T Cell 
function during Leishmania amazonensis infection  

Lynn Soong, Rene E. Vasquez
University of Texas Medical Branch, Galveston, TX, United States

Leishmania amazonensis (La) can cause progressive disease in most inbred 
strains of mice. We have previously reported that treatment with CXCL10 
activates MΦ’s effector function in parasite killing and significantly delays 
lesion development in susceptible C57BL/6 mice via enhanced IFN-γ and IL-
12 secretion; however, the mechanism underlying this enhance immunity 
against La infection remains largely unresolved. In this study, we utilized 
stationary promastigotes of La to infect bone marrow-derived DCs of 
C57BL/6 mice and assessed the activation of DC subsets and the capacity 
of these DC subsets in priming CD4+ T cells in vitro. We found that 
CXCL10 induced IL-12p40, but reduced IL-10 production in DCs. Yet, La-
infected DCs produced elevated levels of IL-10, despite CXCL10 treatment. 
Elimination of endogenous IL-10 led to increased responsiveness to 
CXCL10 treatment, as judged by increased IL-12 production in DCs, as 
well as increased proliferation and IFN-γ production by CD4+ T cells. In 
addition, CXCL10-treated CD4+ T cells became more responsive to IL-12 
via increased expression of the IL-12Rβ2 chain and produced elevated 
IFN-γ. This study indicates the interplay between CXCL10 and IL-10 in 
the generation of Th1-favored, pro-inflammatory responses and further 
highlights the utility of CXCL10 as a potential therapeutic for the control 
of non-healing cutaneous leishmaniasis.

(ACMCIP Abstract)

669
Effect of drug treatment on the development of 
CD8+ T cell memory subsets in Trypanosoma cruzi 
infection

Juan Bustamante1, Rick Tarleton2
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Trypanosoma cruzi is a protozoan parasite and the etiological agent of 
Chagas disease. The main drug available for the treatment of Chagas 
disease is benznidazole (BZ). However, the efficacy of BZ treatment is 
reported to vary, depending on the infective strain, host species, etc. 
Despite the large number of studies focusing on the immune response 
to T. cruzi, there are no reports regarding the immunological response of 
the host when complete cure is achieved. Here, we used a mouse model 
of T. cruzi infection in order to test the effectiveness of this drug to clear 
parasites and the effect of parasite clearance on the development of the 
CD8+ T cell response. C57Bl/6J mice infected with T. cruzi exhibited no 
evidence of infection or disease when treated with BZ in the acute (days 
15-35) and chronic phases (days 150-170) of infection. Cure in BZ treated 
mice was documented by clearance of parasites from skeletal muscle, 
lack of exacerbation of infection following immunosuppression, failure 
to transfer infection to interferon-gamma KO mice and failure to detect 
parasites or disease by histological examination. Cure resulted in a marked 
change in the parasite-specific CD8+ T cell population. The majority of the 
T. cruzi specific-CD8+ T cells from treated/cured mice expressed CD62L, 
CD127 (IL-7Rα), CD122 (IL-15Rβ), consistent with the development of 
a central memory CD8+ T cell population. Moreover, treated/cured mice 
did not express the activation markers CD69 and CD25 and exhibited a 
significantly reduced in vivo CTL activity. CD8+ T cells from treated/cured 
mice responded faster and provided greater protective capacity following 
challenge than those from chronic/untreated mice. These results document 
that BZ can effectively clear T. cruzi infection and that in the absence of 
parasite persistence, a TCM CD8+ T cell population emerges.

(ACMCIP Abstract)
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Leishmania major Induced Interleukin-12 Expression 
in Human Dendritic Cells is Mediated by NFκB, IRF-1 
and IRF-8 
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The salient feature of dendritic cells (DC) is initiation of appropriate 
adaptive immune responses by discriminating between pathogens. Using 
a prototypic model of intracellular infection, we previously have shown 
that Leishmania major parasites prime human DC for efficient interleukin-
12 (IL-12) secretion. L. major infection is associated with self-limiting 
cutaneous disease and powerful immunity. In stark contrast, the systemic, 
non-healing disease agent, L. donovani, does not prime human DC for 
IL-12 secretion. Here we report DC priming by L. major infection results 
in the early activation of NFκB transcription factors leading to subsequent 
up regulation and nuclear translocation of IRF-1 and IRF-8. Inhibition of 
NFκB activation by pretreatment with the NFκB inhibitor CAPE blocks L. 
major induced IRF-1 and IRF-8 activation and IL-12 expression. We further 
demonstrate IRF-1 and IRF-8 obtained from L. major infected human DC 
specifically bind to their consensus binding sites on IL-12p35 promoter, 
indicating that L. major infection stimulates a signaling cascade that 
activates IRF1 and IRF8 resulting in IL-12 transcription.

(ACMCIP Abstract)
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Mathematical Modeling of Malaria Epidemiology 
and Control
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Malaria interventions are usually prioritized using efficacy estimates from 
intervention trials, without considering the context of existing intervention 

packages or long term dynamics. There is a need for robust quantitative 
predictions of effectiveness of different strategies in reducing transmission, 
morbidity and mortality. We use numerical simulation of mathematical 
models of malaria in humans and mosquitoes to achieve this. We link 
individual-based stochastic simulation models for malaria in humans with 
deterministic models for mosquito infection and survival, incorporating 
variations in host exposure to infectious bites, naturally acquired immunity 
to infection and disease, effects of co-infection, and variations in human 
infectiousness. We use a volunteer computing platform to fit models to a 
set of 61 field scenarios from sub-Saharan Africa, to carry out probabilistic 
sensitivity analysis, and to analyze ensembles of different models. This 
provides a common platform for comparing likely impacts of different 
mixes of vector control, vaccines and chemotherapeutic interventions. We 
can reproduce reasonably well malariological patterns in endemic areas, 
including non-monotonic relationships between parasite prevalence and 
disease incidence with host age and force of infection; and quantitative 
relationships between increasing coverage of insecticide-treated nets (ITN) 
and a range of entomological outcomes. For example, assuming negligible 
impact on human infectiousness, ITN coverage of 60% reduces the 
entomological inoculation rate by 92% for ITN users and 80% for non-
users. Integration of the entomological and human models enables us to 
predict the effects of all interventions on morbidity and mortality, including 
the nonlinear dynamics of changes in human infectiousness. In conclusion, 
we can simultaneously capture the dynamics of malaria epidemiology, 
interventions, and human demography. Combining the human and 
entomological models leads to plausible quantitative predictions and 
comparisons of effects of a comprehensive set of different interventions, 
individually, and in packages.

672
Coverage, targeting and impact of diverse malaria 
control strategies: A pragmatic approach to 
translating theory into practice

Gerry Killeen
Ifakara Health Research and Development Centre, Dar es Salaam, United 
Republic of Tanzania

Theory suggests that targeting of malaria control measures to those 
most vulnerable or most exposed to transmission will maximize impact. 
However, theory also confirms that high coverage of entire populations is 
typically required to achieve large reductions of disease burden in areas of 
stable, intense transmission. Here I compare and contrast the theoretical 
and practical determinants of success for indoor residual insecticide 
spraying, insecticide treated nets, larviciding, environmental management, 
drugs and vaccines for malaria control. I conclude that in most realistic 
scenarios, comprehensive coverage of target populations or mosquito 
habitats is an optimal strategy for operational programmes, even when 
resources are limiting. I also identify niche areas where limited, more 
targeted intervention may have great potential and rationalize intervention 
choice according to ecological setting.

673
Measuring burden of malaria from primary 
morbidity and mortality estimates in Jharkhand 
state of India-Lessons learned and future 
prospects

Ashwani Kumar
National Institute of Malaria Research, Delhi, India

A measure of true burden of malaria is imperative from the view point of 
policy for allocation of necessary resources to combat the disease. Often, 
available secondary data is used to build estimates of disability adjusted 
life years (DALYs) lost and economic loss due to malaria. This could lead to 
underestimates, as often, there are lacunae in malaria surveillance, quality 
of diagnosis, and reporting of data to the National Control Programme. 
With the support of WHO/United States Agency for International 
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Development, we initiated malaria burden estimation studies covering 
6 districts of Jharkhand, one of the high malaria risk states of India. 
47 surveillance sites in 8 paradigms have been selected for conducting 
surveillance for estimating malaria morbidity and mortality incidence 
in 2007. Besides, malaria data from 2004 to 2006 has been collected 
from the state malaria control programme and tertiary care hospitals for 
comparison. Simultaneously health state valuation and anaemia surveys 
are being conducted and economic burden of malaria at household level is 
being estimated. The lessons learned and future prospects of estimation of 
malaria burden at the country level in India and the current findings would 
be presented in detail.

674
Community-Level Intervention Coverage and the 
Burden of Malaria in Zambia: Results of a national 
malaria indicator survey

John M. Miller1, Amara L. Robinson2, Chilandu Mukuka3, 
Abdirahaman Mohamed1, Eric Sieber4, Pascalina Chanda3, Richard 
W. Steketee1

1PATH, Seattle, WA, United States, 2Consultant, Lusaka, Zambia, 3Ministry 
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Zambia is aggressively scaling up malaria interventions to meet national 
coverage targets. During this rapid scale up interval, we examined malaria 
parasite and anemia prevalence among children under 6 years of age 
in Zambia by household measures of intervention coverage including 
insecticide-treated nets (ITNs) and indoor residual spraying (IRS).  Data 
from the 2006 Zambia National Malaria Indicator Survey (MIS), a 
nationally-representative household survey based on a two-stage cluster 
design, were used in the analysis. Households were surveyed on the 
availability and use of malaria interventions and children under 6 were 
tested for malaria parasites and hemoglobin levels. Adjusted probabilities 
were used to assess the risk of malaria parasite prevalence and mild and 
severe anemia in relation to age, gender, urban/rural and asset-based 
wealth status as well as levels of intervention coverage for children under 
6 years of age. The adjusted probability of malaria parasite prevalence 
was lower among children under 6 years of age who slept under an ITN 
(14.5% vs. 20.0%; p<0.01) or mosquito net (14.7% vs. 20.3%; p<0.01) 
the previous night than children who did not sleep under nets, after 
controlling for age, gender, rural/urban residence, and asset-based wealth 
status. Children in households with at least two mosquito nets, regardless 
of whether they were slept under, had less parasitemia (13.9% vs 20.1%; 
p<0.01), mild anemia (Hb<11.0 g/dl; 59.6% vs 69.9%; p<0.01) and 
severe anemia (Hb<8.0 g/dl; 7.2% vs 11.8%; p<0.01) than children living 
in households with no ITNs. Actual ITN use among children under 6 years 
of age maintained its positive effect on severe anemia (7.8% vs. 11.6%; 
p<0.01). Children under 6 years of age living in households that were 
reported sprayed within the previous 12 months also had less parasitemia 
(5.4 vs 19.5%; p<0.01) and severe anemia (3.6% vs 11.1%; p<0.01) 
than children in households that were not sprayed. In conclusion,  current 
national efforts to scale-up malaria control preventive interventions are 
showing coincident rapid improvement in child malaria and anemia in 
Zambia and these results are similar in magnitude to those described in 
controlled clinical trials.

675
Geographic and temporal clustering of malaria in 
an urban cohort of Ugandan children
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Rosenthal1, Grant Dorsey1
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Malaria risk may be heterogeneous over small distances, especially 
in urban areas. A better understanding of environmental risk factors 
and patterns of disease transmission on a local scale will enable 
more targeted implementation of interventions aimed at decreasing 
transmission. 601 children were randomly selected from a GPS mapped 
census area, approximately 2 km by 0.5 km, in Kampala, Uganda, and 
followed prospectively for cases of malaria as part of a longitudinal 
antimalarial efficacy trial. Recrudescent episodes of malaria after therapy, 
as determined by 6-locus genotyping, were removed from analysis. To 
identify clustering of malaria cases after 18 months of follow up, we 
performed spatial and space-time scans using SaTScan software. A spatial 
scan using circular scanning windows identified two statistically significant 
clusters with radii of 130 and 110 meters, containing 3% and 5% of 
the study population, where the risks of malaria were 3.7 (p<0.001) and 
3.1 (p<0.001) times higher than for the remainder of the population, 
respectively. Using an elliptical scanning window, a single, large elliptical 
cluster of high malaria risk was identified, measuring 2.0 x 0.4 km, and 
encompassing 33% of the study population, where the relative risk of 
malaria was 3.0 (p<0.001) compared to the remainder of the population. 
The circular and elliptical clusters were located in and around a swamp 
that borders one side of the study area. After adjusting for pure temporal 
variation, a space-time scan identified 3 statistically significant clusters. The 
first was centered at one end of the swamp, had a radius of 50 meters, 
and lasted 34 days (RR=9.3, p<0.001). The second space-time cluster 
occurred 44 days later at the other end of the swamp, had a radius of 180 
meters and lasted 55 days (RR=5.7, p=0.007), and was followed 16 days 
later by the immediately adjacent third cluster, which had a radius of 60 
meters and lasted 52 days (RR=6.8, p=0.006). Unbiased spatial scanning 
revealed that residence near or within a swamp was a primary risk factor 
for malaria in an urban cohort of children. Allowing for an elliptical 
scanning window had a significant impact on the shape and size of the 
cluster, consistent with the elongated shape of the swamp. Identification 
of space-time clusters suggests that mini-epidemics of malaria may exist at 
small spatial and temporal scales, and that these may originate in areas of 
optimal transmission and then spread.
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Malaria in pregnancy in an area with increased 
bednet coverage: A ten-year history
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Tanzania’s Kilombero Valley has been the site of an intensive effort for 
social marketing insecticide treated bednets (ITNs). KINET, the Kilombero 
Valley Insecticide-Treated Net Project successfully raised coverage of 
ITNs from 37% in 1996 to over 85% in 2006. During this period, 
recommendations for the prevention of malaria in pregnancy evolved 
from chloroquine prophylaxis to intermittent preventive treatment (IPTp) 
with sulfadoxine-pyrimethamine (SP). This study examines the impact of 
malaria in pregnancy for women not receiving IPTp in an area of high 
ITN coverage. A hospital-based study was completed in Ifakara, Tanzania, 
where bednet coverage is high. We enrolled 413 primi- and secundigravid 
women presenting at the labor ward who reported no IPTp at the time 
of delivery. Historical data were collected by questionnaire and neonatal 
birth weight and placenta parasitemia were objectively measured. Of the 
women enrolled, 62% were primigravid. 91% of these women reported 
sleeping under a bed net the previous night, 43% reported fever during 
their pregnancy, and 8% had placental malaria at delivery. Secundigravid 
women had lower risk of fever than primigravidae (OR 0.49; 95% CI: 0.32 
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- 0.74). Mean birth weight of the 416 newborns was 2881g with 15% 
weighing <2500g. Reported use of treated and untreated bed-nets were 
both protective against low birth weight (OR 0.22, CI: 0.08 - 0.59 and OR 
0.34, CI: 0.16 - 0.74, respectively). In conclusion, since the inception of 
the KINET project, ITN coverage in the Kilombero Valley has increased from 
37% in 1996 to over 85% in 2005. Previous studies conducted in the 
same facility in 1994-95 revealed placental parasitemia rates of 35.2%. 
Even for women who fail to receive IPTp, the prevalence of placental 
malaria has dropped by more than 75%. Reasons for this drop may 
include the substantial increase in ITN coverage over the past 10 years. The 
use of IPTp in this population could further decrease the rate of placental 
parasitemia and resulting sequellae.

677
Changes in Pediatric Blood Transfusion Statistics 
as a Possible Indicator of Malaria Control

Philip Thuma, Janneke van Dijk, Sungano Mharakurwa
Malaria Institute at Macha, Choma, Zambia

As Zambia continues to expand its Roll Back Malaria program, the Malaria 
Institute at Macha (MIAM) has analyzed hospital data for its usefulness 
in predicting changes in community levels of malaria. We have found 
that the monthly number of all pediatric blood transfusions given at our 
district-level hospital in rural Zambia correlates highly with the number of 
cases of uncomplicated pediatric malaria. This correlation exists for both 
hospitalized inpatient cases as well as outpatient cases diagnosed in the 
referral community. Data will be presented showing this close correlation, 
providing further evidence that in sub-Saharan Africa, tracking the number 
of pediatric blood transfusions may be a valid and easily obtained indicator 
for documenting malaria control at the district as well as the country level.

678
A Randomized Trial of Ambulatory Short Course 
High Dose Oral Amoxicillin Therapy in the 
Treatment of Severe Pneumonia in Children

Tabish Hazir1, LeAnne M. Fox2, Yasir Bin Nisar1, Matthew P. Fox2, 
Yusra Pervaiz Ashraf1, William B. MacLeod2, Afroze Ramzan3, 
Sajid Maqbool4, Tahir Masood4, Waqar Hussain5, Asifa Murtaza6, 
Nadeem Khawar7, Parveen Tariq8, Rai Asghar8, Donald M. Thea2, 
Shamim A. Qazi9
1ARI Research Cell, Children’s Hospital, Pakistan Institute of Medical 
Sciences, Islamabad, Pakistan, 2Center for International Health and 
Development, Boston University School of Public Health, Boston, MA, 
United States, 3National Institute of Child Health, Karachi, Pakistan, 4The 
Children’s Hospital, Lahore, Pakistan, 5Sheikh Zayed Hospital, Lahore, 
Pakistan, 6Federal Government Services Hospital, Islamabad, Pakistan, 
7Khyber Medical College, Peshawar, Pakistan, 8Rawalpindi Medical College, 
Rawalpindi, Pakistan, 9The Department of Child and Adolescent Health 
and Development, The World Health Organization, Geneva, Switzerland

Currently, WHO case management guidelines for severe pneumonia (lower 
chest indrawing) involve referral to hospital for treatment with parenteral 
antibiotics (benzylpenicillin or ampicillin). If equally effective, home-based 
oral antibiotic therapy could reduce referral, admission and treatment 
costs. We aimed to determine whether home treatment with high dose 
oral amoxicillin (80-90 mg/kg/day in two doses) and inpatient treatment 
with parenteral ampicillin were equivalent in the treatment of severe 
pneumonia in children aged 3-59 months. This randomized, open-label 
equivalency trial was undertaken at tertiary-care centers at seven study 
sites in Pakistan. Children aged 3-59 months with severe pneumonia 
were either admitted for 48 h and treated with parenteral ampicillin or 
were sent home to receive 5 days of oral amoxicillin. 2037 children were 
randomly allocated to hospitalization (n=1012) or home based therapy 
(n=1025). Follow-up assessments were performed at 1, 3, 6 and 14 
days after enrolment. Primary outcome was treatment failure (clinical 
deterioration) by day 6. Analyses were per protocol and by intention-to-

treat. Treatment failure was 8.6% in the hospitalized group and 7.5% in 
the home treatment group (risk difference 1.1%; 95% CI -1.3 to 3.5) at 
day 6. Young infancy (age 3-5 months; odds ratio 3.30, 95% CI 1.91 to 
5.69), a weight-for-age Z score of < -2 (1.77, 1.22 to 2.58), and very fast 
breathing (1.67, 1.08 to 2.60) predicted treatment failure by multivariate 
analysis. In conclusion, home therapy with high-dose oral amoxicillin is 
equivalent to initial hospitalization and parenteral ampicillin for severe 
pneumonia treatment. These data suggest that WHO recommendation for 
severe pneumonia treatment need to be revised.

679
Evaluation of a microcolony detection 
method and phage assay for rapid detection of 
Mycobacterium tuberculosis in sputum samples 

Seema Irfan
The Aga Khan University Hospital, Karachi, Pakistan

Early and rapid diagnosis of tuberculosis is necessary for both treatment 
and control of the disease. This study evaluated two microcolony 
observation techniques based on liquid and solid media and a 
mycobacteriophage assay, to evaluate their effectiveness in the diagnosis 
of pulmonary TB compared with a standard culture (BACTEC 460 and 
LJ medium). Middlebrook7H9 (M7H9) broth based on microcolony 
determination detected 57/61 positives cultures (n=200) with a sensitivity 
of 93.4% and a specificity of 87.1%. M7H11 agar detected 57/62 positive 
cultures (n=198) with a sensitivity of 91.9% and a specificity of 89.7%. 
The mycobacteriophage assay detected 98/143(68.5%) positive samples. 
The time to positivity was 48 hours in the mycobacteriophage assay versus 
7 days in both the M7H9 broth and M7H11 agar. The costs in comparison 
with the culture (BACTEC 460 and LJ) were 33% and 48% for the 
microcolony and mycobacteriophage methods, respectively. Microcolony 
methods were rapid and cost effective compared to standard cultures. 
The mycobacteriophage assay, despite its lower sensitivity, has a short turn 
around time, and may be recommended as a screening test in countries 
with a low prevalence of tuberculosis.

680
Tuberculin skin testing has limited diagnostic 
utility for adult pulmonary tuberculosis in 
endemic regions

Antonino G. Curatola1, Gurjinder Sandhu2, Robert H. Gilman3, 
Giselle Soto4, Antonio Bernabe1, Mayuko Saito3, Tom Pelly4, 
Yvonne Ahn4, Marco Tovar1, Richard Rodriguez5, A. Roderick 
Escombe2, Carlton A. Evans3

1Faculty of Science and Philosophy, Universidad Peruana Cayetano 
Heredia, Lima, Peru, 2Wellcome Centre for Clinical Tropical Medicine, 
Imperial College London, London, United Kingdom, 3Johns Hopkins 
School University Bloomberg, School of Public Health, Baltimore, MD, 
United States, 4Asociación Benéfica PRISMA, Lima, Peru, 5Hospital Maria 
Auxiliadora, Lima, Peru

The tuberculin skin test (TST) is often used to assess the likelihood 
that symptoms are caused by TB disease. However, reliability may be 
limited because advanced TB causes false-negative TST and in TB-
endemic countries many healthy people have positive TST for reasons 
including latent asymptomatic TB infection. TB is a wasting disease and 
we hypothesized that low BMI may be more reliable for diagnosing TB 
disease than the TST. The objective of this study was to compare the 
diagnostic utility of the TST vs. BMI for TB disease in adults in Peru. In an 
initial prospective case-control study we found 46% (298/647) of healthy 
individuals were TST-positive vs. 65% (261/355) of newly diagnosed 
pulmonary TB patients (odds ratio [OR] 3.4 95% confidence intervals 
[CI] 2.6-4.6). The size of the TST reaction was not associated with the 
likelihood of TB nor with prognosis. We therefore did a prospective cohort 
study of 428 symptomatic patients with suspected TB disease after TB 
contact. 376 of these symptomatic contacts had both TST and diagnostic 
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sputum culture. The TST was positive in 63% (215/339) of the contacts 
who were found not to have TB disease compared with 59% (22/37) of 
contacts whose sputum grew Mycobacterium TB, confirming TB disease 
(OR 0.95 95%CI 0.48-1.9). Low BMI was associated with TB disease and 
with false-negative TST. Consequently, BMI<20 predicted TB disease more 
reliably than the TST result (OR of TB if BMI<20 was 9.2 in the case-control 
study and 4.8 in the contact cohort study, both P<0.001). Low BMI was 
a better diagnostic indicator of active TB than a positive TST. Therefore, 
in adults from endemic regions, the likelihood that an illness is caused by 
TB is influenced little by the TST but greatly by the BMI. Performing a TST 
is not indicated for diagnosing TB disease in symptomatic contacts and 
BMI should be given greater emphasis in assessing the likelihood that a 
patient’s illness is TB.

681
Fatal Influenza A/H5N1 infection in a 14-year-old 
male presenting with fever and diarrhea

Dewi Lokida1, Endang Sedyaningsih2, Herman Kosasih3, Dyah 
Irawati1, Shannon Putnam3, Alexander Klimov4, Patrick Blair3, 
Timothy Burgess3

1Tangerang Hospital, Tangerang, Indonesia, 2National Institute of Health 
Research and Development, Jakarta, Indonesia, 3Naval Medical Research 
Unit 2, Jakarta, Indonesia, 4Centers for Disease Control and Prevention, 
Atlanta, GA, United States

We report a 14-year-old male from Indonesia whose presentation with 
influenza A/H5N1 infection was manifest by profuse diarrhea and fever. 
Pulmonary involvement was not prominent until the second day after 
hospitalization, when tachypnea developed and chest radiograph revealed 
a right lower lobe infiltrate. Influenza A/H5N1 infection was established 
by detection of virus genome with RT-PCR from nasal, throat and rectal 
samples, as well as virus isolation from throat and rectal samples. No 
enteric pathogens were found in stool to account for the diarrhea. 
Sequence analysis of viral genomic material from throat and rectal isolates 
demonstrated homology with contemporaneous influenza A/H5N1 isolates 
from humans in Indonesia, including the V27A mutation in M2 protein 
suggestive of amantadine resistance. This case corroborates earlier reports 
of influenza A/H5N1 isolation from intestinal tract samples and highlights 
the importance of considering extra-pulmonary presentations for H5N1 
infections in humans.

682
H5N1 outbreak in Burkina Faso

Zekiba Tarnagda1, Adele Kam1, Marc Christian Tahita1, Issaka 
Yougbare1, Mariette M.F. Ducatez2, Claude P. Muller2, Jean-Bosco 
Ouedraogo1

1IRSS, Bobo-Dioulasso, Burkina Faso, 2LNS, Luxembourg, Luxembourg

Since February 2006, nine African countries including Nigeria, Niger, 
Egypt, Cameroon, Burkina Faso, Ivory Coast, the Sudan, Djibouti and 
Ghana have officially reported H5N1 outbreaks to the World Organization 
for Animal Health (OIE). Here we analysed the epidemiological situation 
in suspect sources of H5N1 in Burkina Faso and On the basis of HA1 
sequences we compared H5N1 detected strains to existing clusters. We 
collected paired tracheal and cloacal swabs from 283 birds including 
271 chickens, 2 ducks, 5 turkeys, 3 vultures, 1 sparrow hawk and 1 grey 
tourraco from March to June 2006, around the towns of Bobo-Dioulasso 
and Ouagadougou. We have used Generic influenza A M-RT-PCR and 
specific H5 PCR for viral strains detection. Complementary sequencing 
has been performed to determined specific N1 and the related cluster. 
We detected nine cases of influenza A virus including five cases of H5N1 
virus giving respectively the prevalence of 3.2% (95% CI: 0-6.6) and 
1.77%.The positives cases of H5N1 virus were found in 2 vultures at 
Ouagadougou, 3 local chickens Bobo-Dioulasso and Sokoroni. The five 
detected H5N1 strains from Burkina Faso as strains from Northern Nigeria, 
the Sudan, and Côte d’Ivoire constitute the putative African cluster C. Our 

results confirmed the presence of influenza A H5N1 virus in domestic and 
wild birds in Burkina Faso and for the first time, the cluster of detected 
H5N1strains have been identified to belong to cluster C.

683
Preparedness for Pandemic Influenza in a 
Developing Country: Knowledge, Attitudes 
and Practices Concerning Influenza Control in 
Peruvian Navy Health Care Facilities

Roger V. Araujo Castillo1, Daphne Ponce1, Carmen C. 
Mundaca1, Emilia Saldarriaga2, Manuel Moran2, Miguel 
Fernandez2, David L. Blazes1

1Naval Medical Research Center Detachment, Lima, Peru, 2Centro Medico 
Naval, Lima, Peru

Influenza is one of the agents most likely to cause the next pandemic 
threat. It is unclear whether the current avian strain (H5N1) will fill this 
role, but preparedness for this inevitable event is imperative. Many of 
the current strains with pandemic potential have arisen in the developing 
world, at sites where preparedness for pandemic influenza is likely the 
poorest. A questionnaire to assess the knowledge, attitudes and practice 
of health care providers with regard to pandemic/avian influenza was 
developed in order to assess current levels of preparation and to target 
areas for education. The questionnaire was applied to personnel from 
various Naval health care facilities in Peru. 145 health care providers 
responded to the questionnaire, the mean age was 40.27 ± 9.6 yo and 
30.1% were male. 37% were technicians, 43% nurses, and 13.3% 
physicians. 76.8% worked in a large hospital while 23.2% worked in 
small centers. Overall knowledge was self-rated as intermediate by 89.5%. 
The majority identified correctly the mode of transmission (87.2%) and 
the main symptoms (94.9%) regardless of their profession. However, only 
35.8% could identify the proper treatment and 26.1% believed that the 
seasonal vaccine is useful for avian flu. Hand washing was more frequent 
in hospitals than small facilities (82.8% vs. 64.3%). Overall 75.2% 
reported use of masks, 77.9% gloves and 61.9% gowns. Physicians were 
less willing to perform these practices Only 38.5% from hospitals referred 
having been trained, whereas 58.6% at small centers; similarly, the small 
facilities more often had a contingency plan (48.3% vs. 36.0%). Only 
42.9% perceived avian influenza as a high-risk threat to public health 
and themselves, without difference between professionals. Around 65% 
thought that hand washing, use of mask and patient isolation were 
effective countermeasures. Quarantine was considered useful by 50.4%; 
public buildings closure by 73.4% and travel restriction by 95.5%. Finally, 
96.3% considered that the response plan should be a national effort. Peru 
is a developing country with no current circulation of influenza strains 
with pandemic potential. The knowledge concerning pandemic influenza 
among health care workers was generally low, and likely representative of 
other developing countries. Education concerning the control, diagnosis 
and treatment of influenza with pandemic potential should be provided to 
all health care workers.

684
Burden and Epidemiology of Influenza-like Illness 
in a Pediatric Cohort in Nicaragua

Aubree Gordon1, Guillermina Kuan2, Oscar Ortega3, Miguel 
Reyes2, Saira Saborio4, Angel Balmaseda5, Eva Harris6

1Division of Epidemiology, School of Public Health, University of California, 
Berkeley, Berkeley, CA, United States, 2Socrates Flores Vivas Health Center, 
Managua, Nicaragua, 3Sustainable Sciences Institute, Managua, Nicaragua, 
4Department of Virology, Centro Nacional de Diagnóstico y Referencia, 
Ministry of Health, Managua, Nicaragua, 5Departamento de Virologia, 
Centro Nacional de Diagnostico y Referencia, Ministerio de Salud, 
Managua, Nicaragua, 6Division of Infectious Diseases, School of Public 
Health, University of California, Berkeley, Berkeley, CA, United States
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Little is known about the burden and epidemiology of influenza in the 
tropics. Additional knowledge is essential not only from a public health 
standpoint in tropical countries, but also for pandemic influenza models 
and planning worldwide. To characterize the burden and epidemiology of 
influenza-like illness (ILI) in a tropical developing country, we performed a 
community-based cohort study examining the incidence of ILI in children 
in Managua, Nicaragua. Influenza-like illness was defined as fever >37.8°C 
with cough and/or sore throat at presentation. A total of 4,276 children 
between 2 and 12 years old were followed for every primary medical 
appointment for a two-year period between April 16, 2005, and April 
15, 2007. The population was 49.4% female, 2.5% had asthma, and 
25.9% of person-time was contributed by children under 5 years old. 
Participants contributed a total of 7,586 person-years and experienced 
2,596 episodes of ILI, yielding an incidence rate of 34 cases per 100 
person-years. Seasonal variation of ILI activity was observed; a single peak 
occurred in June in the 2005-2006 period and a marked biphasic pattern 
was documented in 2006-2007, with one peak in July and another peak 
in November. Restricting the analysis to children 5 years and over and to 
an outcome of high-probability ILI (fever >38.5°C with cough) resulted in 
the same biphasic pattern. Risk factors were examined using multivariate 
random-effects logistic regression; asthma and age less than 5 years old 
were significant risk factors for ILI, with odds ratios of 1.68 (95% CI 1.31-
2.17) and 2.25 (95% CI 2.05-2.46), respectively. Our results suggest that 
Nicaragua has a high influenza burden and experiences two seasonal 
influenza periods in some years. These peaks correspond in timing to 
those observed in the Southern and Northern hemispheres. To further 
characterize the epidemiology of influenza, we began a prospective 
study of laboratory-confirmed influenza in this pediatric cohort in May 
of 2007, in which RT-PCR and viral isolation is being used to detect 
influenza and other respiratory disease agents (e.g., respiratory syncytial 
virus, parainfluenza 1-3) in the cohort. This study should provide critical 
information about the transmission of influenza and other respiratory 
viruses in the American tropics useful for both national and international 
surveillance efforts.

685
Conundrums in evolution of Japanese encephalitis 
virus

Janet Shaw1, Wipa Tangkananond1, Jennifer Collett1, Allison 
German1, Curtis G. Hayes2, Patrick J. Blair3, Tom Solomon1

1University of Liverpool, Liverpool, United Kingdom, 2Naval Medical 
Research Center, Silver Spring, MD, United States, 3Naval Medical Research 
Unit No 2, Jakarta Pusat, Indonesia

Japanese encephalitis virus (JEV) is a flavivirus thought to have originated 
from an ancestral virus in the Indonesia-Malaysia region and to have 
evolved there into 4 or 5 different genotypes, of which genotypes I to 
III then spread across Asia. As part of ongoing investigations into the 
molecular epidemiology of JEV, we have determined the nucleotide 
sequences of the envelope (E) gene and 3’ untranslated region (3’-UTR) 
of a number of isolates from Indonesia, Thailand and the Philippines. We 
identified the contemporaneous co-circulation of strains belonging to 
different genotypes in the same local geographical region (Kamphaeng 
Phet in Thailand). Furthermore, for 2 isolates from Indonesia, there was 
conflict between the E gene and 3’-UTR sequence in the assignment of 
genotype suggesting that recombination may have occurred. To further 
evaluate the extent of recombination in JEV, we examined more than 
100 E gene sequences. Initial exploratory tree analysis using a sliding 
window method and generating trees for the different regions identified 
10 strains that clearly changed topological position over different regions 
of the gene, including 4 already identified as putative recombinants in the 
literature. For one strain identified as a putative recombinant using the 
published E gene sequence, when a diversity plot was generated with the 
same putative parents using the E gene sequence published as part of the 
complete genome sequence, there was no evidence of recombination, 
highlighting the need for independent confirmation of putative 
recombinant sequences. All of the putative recombinants identified had a 

genotype III parent, which may reflect the predominance of this genotype. 
Analysis of E gene sequences from strains for which the date of isolation 
is known suggested that genotypes IV and V are the most ancient, with 
genotype II most recently diverged, and also the least widespread. As 
no genotype IV or V strain has been isolated for over 25 years one may 
speculate that these genotypes have been superceded.

686
Definition of the major determinant responsible 
for neuroviulence of Japanese encephalitis virus

Yoko Nukui, Shigeru Tajima, Chang kweng Lim, Reiko Nerome, 
Tomohiko Takasaki, Ichiro Kurane
Department of Virology I, National Institute of Infectious Diseases, Tokyo, 
Japan

Japanese encephalitis virus (JEV), a major cause of acute viral encephalitis 
in Asia, is composed of three structural proteins (C: core, M: membrane, 
E: envelope) and seven nonstructural proteins. Genetically, JEV can be 
divided into five genotypes. The genotype changed in early 1990’s from 
genotype 3(G3) to genotype 1(G1) in East Asia including Japan. Our recent 
study shows that Mie41 strain which belonging to G1 had significantly 
lower neurovirulence in mice than a G3 JEV Beijing1 strain. Conversely, 
Beijing1 shows slow-growth phenotype in Vero cells as compared to 
Mie41. In this study we tried to clarify the major genetic determinant 
responsible for neurovirulence and growth properties in JEV. We first 
constructed a full-length infectious cDNA clone based on the Mie41 which 
isolated from porcine serum in 2002 in Japan and obtained viral RNA by a 
reverse genetics method. Focusing on the structural proteins, two chimera 
viruses rJEV(CME-Beijing1/Mie41) and rJEV(E-Beijing1/Mie41), whose 
structural protein and E protein were replaced by those of Beijing1, were 
also produced. One-step growth analyses showed that not only Beijing1, 
but also rJEV (CME-Beijing1/Mie41) and rJEV(E-Beijing1/Mie41) replicated 
slower than Mie41 in Vero, porcine kidney PK15 and mosquito C6/36 
cells. By contrast, Beijing1 and two chimera viruses had better growth 
properties than Mie41 in mouse neuroblastoma N18 cells. 
The neurovirulence in mice showed that Beijing1 and two chimera viruses 
were significantly more virulent than Mie41. Interestingly, mice inoculated 
with Mie41 showed slightly flaccid paralysis on lower legs, whereas the 
other mice showed hyperexcitability. From these results, we concluded 
that E protein in JEV is a major determinant regulating the viral replication 
in vitro and neurovirulence in mice. Comparing genome sequences in E 
protein between the Mie41 and Beijing1, only eight amino acids were 
different. The key amino acids are now being analyzing.
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Effect of Pre-existing Anti Tick Borne Encephalitis 
Virus (TBE) Immunity on Neutralizing Antibody 
Response to the Novel, Vero Cell Derived 
Inactivated Japanese Encephalitis Virus (JEV) Vaccine 
IC51
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Stiasny3, Franz X Heinz3, Pamela Rendi- Wagner4, Bernd Jilma2, 
Erich Tauber1
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Specific Prophylaxis and Tropical Medicine at Institute Pathophysiology, 
Vienna, Austria

Japanese Encephalitis Virus is the leading cause of viral encephalitis in 
Asia with a case fatality rate up to 35% and long-term sequelae up 
to 75%. Preventive vaccination is of utmost importance for travelers 
into these regions. Preexisting immunity against other flaviviruses may 
influence successful JE vaccination. We report on immunogenicity results 
of the novel Vero cell-derived, inactivated, alum adjuvanted JE vaccine 
IC51 under late stage development by Intercell AG in a population with 
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pre-existing immunity against TBE. The aim of this investigation was to 
study the effect of pre-existing anti-TBE immunity on seroconversion 
rates in terms of neutralizing JEV specific antibodies after one and two JE 
vaccinations with IC51. In this multicenter, observer blinded, randomized 
controlled phase 3 study the new Vero cell-derived, SA14-14-2 based 
vaccine IC51 was administered i.m. (0.5 mL, Days 0 and 28) to 430 
healthy adults. To assess the immunogenicity of IC51 in subjects with 
pre-existing TBE immunity, anti flavivirus immune status was assessed 
at baseline with a TBE - ELISA tests in secondary analyses in the ITT 
population. All subjects were immunologically naïve to JE. JE specific 
immunity after one and two IC51 vaccinations was analyzed with the 
Plaque Reduction Neutralization Test (PRNT50). 18.7 % of IC51 vaccinees 
(81/428) were TBE positive at baseline. Twenty-eight days after a single 
vaccination with IC51 the SCR was 76.5 % in TBE positives, whereas in 
TBE negatives the SCR was 49.0 % (p < 0.0001 Fisher exact test). After 
two IC51 vaccinations the SCR was not significantly different in TBE 
positives (96.3%) compared to TBE negatives (91.4%). This advantageous 
effect was even more obvious in vaccinees younger than 50 years of age 
28 days after a single IC51 vaccination. In summary, pre-existing TBE 
immunity augmented neutralizing JEV specific antibody responses to a 
single IC51 vaccination. Three out of four vaccinees seroconverted 28 days 
after the first vaccination. After 2 vaccinations with IC51 the vast majority 
of vaccinees seroconverted irrespective of pre-existing TBE antibodies. The 
benefit of preexisting TBE immunity is predominant in vaccinees younger 
than 50 years. In conclusion, these data indicate that pre-existing anti-TBE 
immunity enhances the neutralizing antibody response to the novel, Vero-
cell derived JE vaccine IC51, rather than leading to diminished JEV-specific 
responses.
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Migration and transmission history of St. Louis 
encephalitis virus

Albert J. Auguste1, Eleca J. Dunham2, Oliver G. Pybus3, Edward 
C. Holmes2, Christine V. Carrington1
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St. Louis encephalitis virus (SLEV) is a mosquito borne flavivirus 
found throughout the Americas. Previous phylogenetic analyses have 
demonstrated three major clades (two North American and one South 
American). Despite strong geographic clustering, there is evidence of 
movement between North and South America, as well as within each 
region. We used a parsimony method to assess the degree and direction 
of gene flow within the Americas. Our data set comprised of 67 previously 
published partial envelope gene sequences (1604 bp). Results suggest 
gene flow from South America to the Western USA and Central America, 
and from the Eastern USA to both South and Central America. Texas, 
Florida and Brazil, were identified as centres of high viral diversity and 
the most likely locations for founding populations in North and South 
America respectively. We then used a Bayesian coalescent approach to 
infer changes in genetic diversity in South America, and in one of the 
North American clades (the other having too few sequences for analysis). 
The latter was estimated to have arisen around 1905 (95% HPD 1832 
- 1951) with an initial constant level of genetic diversity followed by a 
rapid increase in the number of lineages from 1943 -1948 and then a 
plateau. In contrast, the South American clade which is estimated to have 
arisen between 62 and 886 years ago (mean =331), demonstrated an 
exponential decline in diversity over the period represented (1972 - 2005). 
There was no significant difference in substitution rates between the two 
clades, so extrinsic factors may account for the differences in demographic 
histories. The observed changes in genetic diversity may not reflect actual 
changes in viral population size since positive selection was detected at 
amino acid position 58, 156 and 179 in the envelope genes of the North 
American isolates and amino acid positions 151, 156 and 344 of the 
South Americans.
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Characterization of the BARKEDJI virus, a new 
mosquito-borne flavivirus isolated in Senegal

Anne Dupressoir1, Pablo M. de A Zanotto2, Juliana Velasco de 
Castro Oliveira2, Lang Girault1, Magueye Ndiaye1, Mireille Mondo1, 
Amadou Alpha Sall1
1Institut Pasteur Dakar, Dakar, Senegal, 2Laboratório de Evolução Molecular 
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The genus Flavivirus contains about 70 single-stranded positive RNA 
viruses including important emerging pathogens such as Dengue, 
Yellow fever or West Nile viruses. Flaviviruses are primarily transmitted 
by arthropod vectors (ticks or mosquitoes) and can been grouped 
according to their serological, phylogenetic or ecological characteristics. 
Here, we report the characterization of a new flavivirus, isolated in 
1991 from a mosquito pool in Barkedji (Ferlo region of Senegal) and 
referred as « Barkedji virus » (BARKV). BARKV has been shown to 
i) infect both mosquito (AP61) and mammalian (PS) cells ii) induce 
neurological symptoms and kill suckling mice within 4-5 days when 
injected intracerebrally and iii) have no effect on adult mice when 
injected intra-peritoneally. Neutralization and complement fixation tests 
suggest that BARKV is closely related to Bagaza virus and its variant 
(ArD65239). However, phylogenetic analysis based on full length genome 
of BARKV and other flaviviruses revealed that it has a unique phylogenetic 
position within the the mosquito-borne flaviviruses group, clearly 
distinct from the major complexes of yellow fever, dengue and japanese 
encephalitis groups. Analysis of the amino acid sequence of BARKV 
shows conservation of cleaveage sites and enzymatic motifs common to 
all flaviviruses, except for the serine protease NS3 gene which exhibits 
mutations in the catalytic site suggesting that BARKV could have a new 
type of protease activity comparatively to other flaviviruses. In conclusion, 
the genomic characterization of BARKV as well as analysis on the NS3 
protease activity should give new insights on the evolution and biology of 
flaviviruses. Additional data on the ecology and pathogenicity of BARKV 
should help to assess its potential impact on public health.

(ACMCIP Abstract)
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An epidemic of chikungunya (CHIK) fever initially struck islands in the 
Indian Ocean in 2005, drawing the attention of the international public 
health community to chikungunya virus (genus Alphavirus, family 
Togaviridae). In Mauritius, more than 10,000 cases were diagnosed 
and confirmed in 2006. The primary vector of CHIK virus in Mauritius 
is the highly abundant “Asian Tiger” mosquito, Aedes albopictus. This 
mosquito was previously considered an ineffective vector, since it bites 
other vertebrates besides humans. Although CHIK is considered a non-
fatal disease, an excess number of deaths has been documented for the 
recent outbreak on the Indian Ocean islands. We report mortality data in 
Mauritius from 1995 to 2006, and show an increase in the total number 
of deaths during the CHIK epidemic in Mauritius (March - May 2006). We 
also present the distribution of clinically diagnosed cases of CHIK fever for 
2006 along with seasonal abundance data for Ae. albopictus.
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Chikungunya virus (CHIKV) is an Alphavirus that is endemic in tropical 
regions of Asia, Africa and the islands in the Indian Ocean. It is transmitted 
by the Aedes mosquitoes and has recently been added to the National 
Institute of Allergy and Infectious Diseases priority pathogen list. People 
infected by CHIKV have an illness characterized by high fever, rash and 
severe arthralgia. The pathology of CHIKV is still unclear and has not been 
well studied. This research describes the pathology of CHIKV infection 
in mice. When CHIKV is inoculated subcutaneously in outbred/ICR mice 
younger than one month old, there is a resulting viremic period lasting 
2-8 days. CHIKV specific antibodies develop 5-10 days after inoculation. 
Infectious virus persists in the muscle and brain tissues after the viremic 
period has ended. CHIKV antigen can be observed in infected skeletal 
muscle cells as well as in the endothelium and cross-sections of the 
skin. Histological findings show CHIKV causes severe myositis with focal 
necrosis of the skeletal muscle. Plasma cells as well as eosinophils and 
macrophages can be observed to have infiltrated the skeletal muscle. 
Despite the severe muscle cell necrosis, the clinical signs in the infected 
mice are minor. Some mice develop transient hind limb dysfunction and 
recover within a few days. CHIKV infection also appears to cause damage 
to the hair follicles, resulting in bald patches on some mice. Although 
CHIKV can be found in multiple organ systems, very few pathological 
changes are seen outside of the skeletal muscle. These pathology findings 
in the skeletal muscle are similar to those reported in mice with Ross 
River virus infection. The goal of our work is a better understanding of 
the pathological changes that occur after CHIKV infection so that a more 
effective treatment may be developed for people.
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In Plasmodium falciparum-infected children, the relationships between 
blood cell histopathology, blood plasma components, development of 
immunocompetence, and disease severity remain poorly understood. This 
investigation relates levels of the pro-inflammatory cytokines IFN-γ, IL-2, 
TNF-α, CRP, and IL-6, and select anti-inflammatory cytokines TGF-β and IL-
10 to the formation of neutrophil extracellular traps (NETs), IgG antinuclear 
antibodies (ANA), and IgG antineutrophil cytoplasmic antibodies (ANCA) 
in blood collected before and seven days after initiation of Sulfadoxine-
Pyrimethamine treatment from 21 Nigerian children under six years old 
presenting with uncomplicated malaria. The children exhibited a Th2 
dominated cytokine profile and left-shifted leukocyte differential. Elevated 
TNF-α levels correlated with significant NET formation (DNA confirmation 
by DAPI staining) evident in the peripheral blood smears. ANA levels 
(inclusive of all subsets of ANA) were positive in 86% of the children 
pretreatment (remaining14% were equivocal) and in 100% of the children 
seven days after SP treatment but in only 33% of age-matched control 
samples collected during the season of low parasite transmission. IgG 
ANA subset levels to dsDNA were positive in 81% of both the pre- and 
post treatment samples (remaining 19% were equivocal), whereas ANCA 

levels were positive in only 14% of both the pre-and post-treatment 
samples. Our results suggest that an inverse relationship between TGF-β 
and CRP levels may contribute to homeostasis and that TNF-α-associated 
NET formation and ANA may induce pathology in falciparum-infected 
children or activate a protective mechanism against falciparum malaria 
in adults. The significance of in vivo circulating chromatin in NETs and 
ANA to dsDNA as a causative factor in the hyporesponsiveness of CpG 
olignucleotide-based malaria vaccines is discussed.

(ACMCIP Abstract)
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Women acquire immunity against pregnancy-associated malaria (PAM) 
with increasing gravidity, but this protection is decreased by human 
immunodeficiency virus (HIV) infection. Immunity to PAM is associated 
with production of antibodies to pregnancy associated variant surface 
antigens (VSA-PAM) expressed by chondroitin sulfate A-binding infected 
erythrocytes (IE). We hypothesized that antibody function, rather than 
level, may be a better predictor of immune protection against PAM. We 
tested sera from 94 multigravid Malawian women (65 HIV-infected, 29 
HIV-uninfected) with malaria. For total IgG to VSA-PAM and for ability 
of sera to block adhesion of IE to CSA, or to opsonise IE and promote 
phagocytosis by a macrophage cell line. Serum opsonic activity correlated 
better with total IgG to VSA-PAM (r=0.63) than did adhesion blocking 
activity (r=0.36). HIV infection was associated with significantly lower 
opsonic activity (p=0.02) which varied in a CD4 T-cell-dependent manner. 
In contrast, no effect of HIV infection on adhesion-blocking activity or 
total IgG could be demonstrated in these women. Women with anemia 
(Hb <11.0 g/dl) showed significantly lower opsonic activity than non-
anemic women (t = 3.04, p=0.003), regardless of HIV serostatus. In 
separate experiments, we infected human monocyte-derived macrophages 
(MDM) with HIV in vitro. HIV inhibited phagocytosis of opsonised IE by 
86.4 ± 15% (p=0.0078, n=8). HIV infection impairs opsonic but not 
adhesion-blocking antibody responses to PAM. Opsonic activity but not 
adhesion-blocking activity is strongly associated with protection from 
malaria-associated anemia in pregnancy. The mechanisms underlying 
this protection require further investigation. Impaired opsonic activity 
in combination with decreased macrophage phagocytic activity may 
contribute significantly to the increased susceptibility to malaria seen in 
HIV infected individuals. Opsonizing activity in serum may be an important 
parameter to incorporate into studies of malaria pathogenesis, and of the 
effectiveness of potential vaccine candidates.

(ACMCIP Abstract)
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Severe malarial anemia (SMA) in African children is characterized by 
an imbalance in pro- and anti-inflammatory cytokine production. Our 
recent studies demonstrated that hemozoin-induced interleukin (IL)-10 
production mediates suppression of IL-12 and up-regulation of IL-23 
in children with SMA. Previous studies showed downstream effector 
functions of IL-12 and IL-23 occur via CD4 T cell-induced IFN- γ and 
IL-17 production, respectively. Production of both IFN-γ and IL-17 is 
further modulated by IL-15, an important mediator of erythropoiesis. 
To further investigate the pathogenesis of SMA, the role of IL-10 and 
hemozoin in modulating IL-12, IFN- γ, IL-17, and IL-15 production 
was examined in children (n=198; aged <36 mos.) exposed to intense 
Plasmodium falciparum transmission in western Kenya. Measurement of 
inflammatory mediators with a multiplex antibody bead array revealed 
increased IL-10 and decreased IL-12 and IL-17 levels in children with SMA 
relative to aparasitemic healthy controls (AC). The pattern of cytokine 
production observed closely paralleled the levels of hemozoin deposition 
in monocytes. In addition, hemoglobin (Hb) concentrations showed a 
positive relationship with IL-12 (r=0.174, P<0.05), IL-15 (r=0.171, P<0.05), 
IL-17 (r=0.238, P<0.05) and IFN- γ (r=0.171, P<0.05), and an inverse 
correlation with IL-10 production (r=-0.119, P<0.05). Erythropoiesis, 
determined by measuring the reticulocyte production index (RPI), revealed 
a positive association between the RPI and IL-12 (r=0.154, P<0.05) and 
an inverse correlation between the RPI and IL-10 (r=-0.272, P<0.05), 
but no significant relationship with the other mediators examined (i.e., 
IFN- γ, IL-15 or IL-17). Taken together, results presented here suggest that 
hemozoin-induced over-production of IL-10 promotes decreased IL-12 and 
IL-17 levels in children with SMA. Furthermore, elevated levels of IL-10 
and decreased IL-12 production appear to be important in conditioning 
a suppressed erythropoietic response that promotes the development of 
SMA.

(ACMCIP Abstract)
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Elevated IFN-γ and TNF-α levels have been implicated in the 
pathogenesis of cerebral malaria. Toll-like receptor (TLR) single nucleotide 
polymorphisms (SNPs) may be associated with altered signaling in 
response to Plasmodium falciparum infection, with downstream elevation 
of IFN-γ and TNF-α levels and more severe disease. To test the relationship 
between TLR SNPs, cytokine production and disease severity, TLR2, 4, and 
9 SNP frequencies and serum IFN-γ and TNF-α levels were compared in 
Ugandan children aged 4-12 years with cerebral malaria (CM, n=69) and 
uncomplicated malaria (UM, n=53). A microbead suspension array system 
was used to determine post-PCR SNP genotypes and cytokine levels. Of 
the TLR2, 4 and 9 SNPs tested, only TLR9 SNPs (T-1237C, G1174A,  
T-1486C) were present in frequencies >15% in either group. Children with 
CM and the T-1237C SNP had higher levels of IFN-γ than those without 
this SNP (median level, pg/ml: C/C, 154.1; T/C, 127.2; T/T, 42; P=0.03). 
Homozygosity for the 1237 SNP (C/C) was more frequent in children 
with CM than UM (17.4% vs 5.7%, P=0.06). Children with CM and the 
G1174A SNP had lower levels of IFN-γ than those without this SNP (A/A, 
32.8; G/A, 69.7; G/G, 161; P=0.002). Homozygosity for the 1174 SNP 
(A/A) was similar in children with CM and UM (18.8% vs. 26.4%, P=0.32). 
Children with UM did not have differing IFN-γ levels according to any 

TLR9 SNP, and neither children with CM nor UM had differing TNF-α levels 
according to any TLR9 SNP. In conclusion, in children with CM, 2 different 
TLR9 polymorphisms are associated with opposing effects on serum 
IFN-γ levels. Children with CM are more frequently homozygotes for the 
T-1237C SNP (C/C), which is associated with elevated IFN-γ levels. Thus, 
TLR9 polymorphisms may affect severity of disease through alterations 
in IFN-γ responses to P. falciparum infection. However, TLR9 - IFN-γ 
associations are not seen in children with UM, suggesting that additional 
factors in children with CM may be required in conjunction with TLR9 
polymorphisms to alter IFN-γ levels.

(ACMCIP Abstract)

696
The Role of Immunoregulatory Cells in Natural 
Immunity to Plasmodium falciparum

Olivia Finney1, Michael Walther1, Patrick Corran2, David 
Conway1, Eleanor Riley2

1MRC, Banjul, Gambia, 2London School of Hygiene and Tropical Medicine, 
London, United Kingdom

An important aspect of clinical immunity to malaria is the ability to down-
regulate inflammatory responses once parasitaemia is under control; 
this is crucial to avoid host-mediated pathology. Data from our group, 
derived from sporozoite-challenged volunteers, demonstrate that in a 
proportion of subjects, regulatory T cells can be induced and activated 
as early as 10 days following infection with Plasmodium falciparum. 
The cells were shown to down-regulate pro-inflammatory responses 
and to facilitate parasite growth in vivo. However, it is not yet known 
whether natural exposure to malaria activates/induces T regulatory cells. 
The aim of this study was to characterize the frequency, phenotype 
and functional importance of regulatory cells in healthy donors having 
different levels of previous malaria exposure. Sixty individuals from two 
sites in the Gambia were selected for the study: 30 subjects from Brefet, 
with high levels of antimalarial antibodies and 30 from Bakau, with low 
levels of antibodies. Seroprevalence of MSP119 was used to estimate the 
entomological inoculation rate (EIR) at each of the two locations. Using 
flow cytometry, we compared the number of circulating lymphocytes 
with a regulatory phenotype from these two sites. We used Foxp3 and 
CD127 (IL-7R) to define the regulatory cell subset. Cytokine production, 
as well as the type of immune response (Th1, Th2, Th17 and Treg), was 
studied using bead arrays and RT-PCR. The results show a significant 
difference in both the number and percentage of regulatory cells (defined 
here as CD4+Foxp3+CD127-/low cells) in individuals from the two sites. 
In areas with higher malaria exposure, donors had a higher number 
of circulating regulatory cells. This may reflect the importance of the 
regulatory environment in dampening host-mediated pathology and thus 
limiting severe disease. In order to confirm and complete our findings, 
future research will assess the levels of different Treg phenotypes and their 
degree of activation in both populations. A number of age groups will be 
studied to determine whether the regulation observed is population-wide 
or age-dependent.
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