EXTRACTION OF RETICULOCYTES FROM CORD BLOOD FOR
USE IN THE CULTURING OF PLASMODIUM VIVAX

Jacquelyn Ague-Bales’, Brian Grimberg’, lvo Muller?, Danielle
Stanisic?, Peter A. Zimmerman'

'Case Western Reserve University, Cleveland, OH, United States, 2PNG IMR,
Madang, Papua New Guinea

Current techniques rely on one of three methods to culture Plasmodium
vivax (PV). The most common method of culturing the parasite is to
remove PBMCs from infected blood and allow the parasites to grow in the
autologous blood. This method appears to allow only continued growth
and development with limited reinvasion of uninfected red blood cells.
Successful culturing of PV for more this relies upon a steady re-supply of
reticulocytes into the culture media. Studies are currently underway to
supply reticulocytes from a stem cell preparation which yields a very high
reticulocytemia. This method however is very costly and labor intensive.
Another method of supplying reticulocytes into vivax cultures relies on
obtaining frequent blood samples from patients with hemochromatosis,
where reticulocyte counts may be 3 to10 fold higher (up to 5%
reticulocytemia ) than in normal blood. This blood is then spun down using
a high speed centrifuge to further enrich the reticulocytemia (up to 20%).
Here were describe a simple method which takes advantage of a readily
available source of reticulocytes, umbilical cord blood (2-8% reticulocytes).
Irrespective of endemic or non-endemic settings, expectant mothers can
be found who are willing to donate this resource which would otherwise
be discarded. We further enrich reticulocytes from cord blood samples by
first removing PBMCs on a CF11 cellulose column, followed by a 3 min
exposure to a FACS Lysing Solution available from Becton-Dickinson. Based
on osmotic pressure differences, his solution lyses all cells that do not
contain RNA or DNA. By this method we observed consistent enrichment
of reticulocytes from an average of 5% reticulocytemia from cord blood
to a solution of 25-70% reticulocytes. Addition of 20 uL of this solution
to 2 mL P vivax cultures provides a substantial number of targets for the
parasites to invade while avoiding significant dilution of the hematocrit
away from the standard 5%. This treatment for enriching reticulocytes
improves potential for P vivax in vitro culture to be grown under a variety
of conditions that may lead to higher parasitemia and prolonged growth
and development.

ERYTHROCYTE GHOSTS AS A MODEL SYSTEM FOR
STUDYING MALARIA INFECTION

Sean C. Murphy, Sebastian Fernandez-Pol, Ryan Carroll, Travis
Harrison, Jon W. Lomasney, Kasturi Haldar

Northwestern University, Chicago, IL, United States

The intraerythrocytic infection caused by human malaria parasites is
responsible for all of the clinical symptoms and pathologies associates
with this disease. However, the identification of host and parasite proteins
critical for these events is hampered by the mature erythrocyte’s inability
to synthesize additional proteins such as those traditionally encoded

on transfected plasmids. To overcome this dilemma, we developed a
method of lysing and resealing mature erythrocytes to introduce purified
peptidic and proteinaceous cargoes. These ghosts retain morphological
and signaling properties of normal mature erythrocytes, can be infected
efficiently by malaria merozoites and support robust parasite growth

and reinvasion. We validated the utility of this erythrocyte ghost-based
approach by testing the role of the erythrocyte guanine nucleotide
regulatory protein G, in malarial infection. Studies are now underway to
assess additional host and parasite proteins implicated in malarial invasion
and intraerythrocytic growth. The use of ghosts for studying interactions
between the host erythrocyte and the malaria parasite may help identify
potential therapeutic targets that are critical for infection.

(ACMCIP Abstract)

THE CLEARANCE OF LIVE PLASMODIUM FALCIPARUM-
PARASITIZED RED BLOOD CELLS BY THE HUMAN SPLEEN

Innocent Safeukui’, Valentine Brousse?, Geneviéve Milon?,
Catherine Ottone*, Deborah Hirt®, Odile Mercereau-Puijalon?,
Peter David?, Pierre Buffet*

'Biomedical Research Team, Medical Center, Institut Pasteur, Paris, France,
2Molecular Immunology of Parasites Unit, CNRS URA 2581, Parasitology
Department, Institut Pasteur, Paris, France, lmmunophysiology and
Intracellular Parasitism Unit, Parasitology Department, Institut Pasteur,
Paris, France, “Biomedical Research Team, Medical Center, Institut Pasteur,
Paris, France, *Pharmacologie Clinique, Hopital Saint Vincent de Paul, Paris,
France

Red blood cells which harbour Plasmodium falciparum (PfRBC) become
progressively less deformable as the intra-erythrocytic parasite matures,
leading to PfRBC retention and clearance in the spleen. On their

way to the red pulp sinus lumen, the less deformable P/RBCs can no
longer squeeze through small intercellular gaps between the sinusoidal
endothelial cells. Although clearance of P/RBC by the human spleen

plays a major role in the outcome of P falciparum infections, this process
has never been confirmed experimentally. Using a previously validated
isolated-perfused human spleen model we studied the clearance of PRRBC
harbouring early (ring stages<16 hours) and more mature parasite stages
(late trophozoites and schizonts). The kinetics of P/RBC clearance was
monitored using Giemsa-stained thin blood smears and/or flow cytometry.
Live mature P/RBC were retained by the human spleen faster and to a
greater extend than young ring PRBC. Histological analysis indicated

that retention of PARBC (mature and young stages) was threefold higher
in the red pulp than in the perifollicular zone. Exo-erythrocytic parasite
stages were detected 10 times more frequently in the red pulp than within
the perifollicular zone. As opposed to what we previously observed with
artesunate-treated PRBC, RBCs harbouring live P falciparum seldom
underwent pitting, suggesting that the pitting process is probably not a
major mechanism of live parasite clearance by the spleen. Characteristics
of the perfusate (temperature, composition) that may influence PARRBC
deformability and consequently their red pulp clearance are under
investigation. This new approach, based on the study of isolated-perfused
human spleens, should extend our comprehension of mechanisms
involved in human spleen processing and clearance of P/RBC and could
lead to the identification of therapeutic or vaccine targets.

SINGLE NUCLEOTIDE POLYMORPHISMS IN TRAP ASSOCIATE
WITH SEVERE MALARIAL DISEASE: A NOVEL PARASITE
VIRULENCE GENE

Marina Golding', Tom Williams?, Kevin Marsh?, Adrian Hill®

"University of Oxford, Oxfordshire, United Kingdom, *Kenya Medical
Research Institute, Nairobi, Kenya, University of Oxford, Oxford, United
Kingdom

Innate parasite properties such as increased parasite multiplication rates
and red cell invasion phenotypes have been associated with severe malarial
disease. The hepatocyte is the first major site of parasite-host interaction,
so parasite invasion properties and host immune responses to parasite
surface proteins involved in hepatocyte invasion could determine the
future course of the infection and thus its virulence. This study examined
the hypothesis that genes crucial in hepatocyte invasion are potential
virulence loci. SNPs within hepatocyte invasion genes were analysed by
sequencing for differences between asymptomatically infected individuals
and severe malaria patients. Polymorphisms within the gene encoding the
sporozoite molecule Thrombospondin Related Adhesion Protein (TRAP)
revealed strong and highly significant associations with severe malarial
disease in The Gambia and Kenya. Fine mapping of these associations will
be presented. We conclude that being infected with parasites carrying
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different TRAP mutations affect risk of developing severe disease and we
have identified TRAP as a novel virulence gene.

SUPPRESSION OF IFNI" T-CELL RESPONSE TO VACCINES BY
MALARIA INFECTION

Glenna Banania, Kanakatte Raviprakash, Maria Belmonte, Arnel
Belmonte, Thomas L. Richie, Martha Sedegah

Naval Medical Research Center, Silver Spring, MD, United States

There have been several reports that patent malaria infections can
suppress cell-mediated immune response to vaccines. This problem needs
to be critically assessed for two reasons. First, poor immunogenicity in
vaccinated parasitemic volunteers in malaria endemic area could lead to
incorrectly rejecting a vaccine that could potentially benefit those without
parasitemia. Second, if reduced immunogenicity of vaccine in parasitemic
volunteers is accompanied by reduced efficacy, vaccinating parasitemic
volunteers in malaria endemic areas could lessen the vaccine effectiveness.
To address the first concern, we measured the effect of malaria blood
stage infection on the induction of malaria specific CD8+T cell responses
after vaccination with subunit or irradiated sporozoite vaccines in mice.
We also determined the effect of malaria blood stage infection on the IFNy
T cell response induced by a dengue DNA vaccine. For all three vaccines
tested, antigen specific IFNy responses were reduced compared to malaria-
free control mice. We conclude that during immunogenicity evaluation

of pre-erythrocytic stage vaccine in malaria endemic areas, malaria blood
stage infection at the time of vaccine application could potentially reduce
the antigen specific IFNy T cell responses.

(ACMCIP Abstract)

CLONING AND CHARACTERIZATION OF PLASMODIUM
YOELIl MACROPHAGE MIGRATION INHIBITORY FACTOR

Swati Thorat, Sumit Kumar, Thomas M. Daly, Lawrence W.
Bergman, James M. Burns

Drexel University College of Medicine, Philadelphia, PA, United States

During severe malaria, caused by Plasmodium falciparum, excessive
production of tumor necrosis factor-o (TNF-ox) contributes to fever,
hypoglycemia, cerebral malaria, bone marrow depression and severe
anemia. TNF-o production can be enhanced by Macrophage migration
Inhibitory Factor (MIF) that prevents the glucocorticoid mediated down-
regulation of the proinflammatory response. Recent studies in rodent
malaria models have shown a role for host MIF in development of malaria
associated anemia. MIF was shown to inhibit erythroid differentiation
and hemoglobin production, as reported previously. Sequencing of

the Plasmodium genomes predicted a gene product with significant
similarity to mammalian MIF (30%). This malarial mif-related gene
encodes a predicted protein of 116 amino acids in P falciparum and P,
yoelii. We have initiated studies to evaluate the potential role of parasite-
encoded MIF in the pathogenesis of malaria, using the P yoelii murine
model. DNA microarray analysis indicated that pymif-related gene is
expressed during blood stage malaria. To initiate functional studies,

we generated recombinant PyMIF in Escherichia coli BL21(DE3)pLysS.
PyMIF was purified from soluble bacterial lysates by ammonium sulfate
fractionation, preparative isoelectric focusing and hydrophobic interaction
chromatography. Serologic studies showed that PyMIF induced a modest
antibody response during a P, yoelii 17X infection, indicating that the
protein induces an immune response during an active infection. Assays
to evaluate the functional activity of P yoelii MIF are in progress. These
include measuring D-dopachrome tautomerase activity and the ability to
induce macrophage chemotaxis.

THE CSF CYTOKINE PROFILE OF CHILDREN WITH CEREBRAL
MALARIA IS UNIQUE AND UNRELATED TO SERUM CYTOKINE
LEVELS

Chandy C. John', Angela Panoskaltsis-Mortari', Robert Opika-
Opoka?, Gregory S. Park’, Paul J. Orchard’, Michael J. Boivin®

"University of Minnesota Medical School, Minneapolis, MN, United States,
2Makerere University School of Medicine, Kampala, Uganda, *Michigan
State University, East Lansing, M, United States

Serum cytokine levels have been measured in children with cerebral
malaria (CM), but few studies have assessed cytokine and chemokine
levels in the CSF. Central nervous system (CNS) levels of cytokines may
differ from serum levels, and are likely of greater significance in CNS
complications of CM than serum levels. For this reason, we tested CSF
cytokine levels of 12 cytokines/chemokines important in other CNS
disorders in 74 children with CM and 8 control children with metabolic
disorders and no neurologic symptoms. CSF levels of the pro-inflammatory
cytokines IL-8 and G-CSF, IL-6 (which can be pro- or anti-inflammatory),
and the anti-inflammatory cytokine IL-1ra were elevated. CSF levels of
MIP-1a and TNF-a were also elevated, though here the differences were
largely due to elevation in a few samples. Median CSF IL-6, TNF-a, IL-8
and G-CSF levels in CM, though higher than in controls, were lower than
those usually reported in viral encephalitis or meningitis, and much lower
than those reported in bacterial meningitis. However, individual CSF IL-6
and IL-8 levels in several children were as high as those seen in enteroviral
and tuberculous meningitis, and in a few, were as high as those seen in
bacterial meningitis. Similarly, CSF G-CSF levels in some children were as
high as those reported in bacterial meningitis. However, CSF IFN-g and IL-1
B (pro-inflammatory) and IL-10 (anti-inflammatory) levels, which are often
elevated in bacterial meningitis, and which are elevated in the serum of
children with CM, were not elevated. There was no relationship between
serum and CSF cytokine levels, which suggests that cytokine production
occurred in the CNS. The data demonstrate, for the first time, the unique
CSF cytokine profile of CM and provide new insight into the pathogenesis
of CM.

(ACMCIP Abstract)

PROTEOMIC INSIGHTS INTO THE MAKE-UP OF P. VIVAX AND
P. KNOWLESI BLOOD STAGE PARASITES

Cindy Korir', Andrew Fedanov', Stacey A. Lapp', John W.
Barnwell?, Mary R. Galinski'

'Emory Vaccine Center at Yerkes National Primate Research Center, Emory
University, Atlanta, GA, United States, ?Malaria Branch, Division of Parasitic
Diseases, Centers for Disease Control and Prevention, Chamblee, GA,
United States

The completion of several Plasmodium genome sequencing projects
provides a great opportunity to more understand the make-up of
several of the malaria parasites. Here we take a proteomics approach

to investigate the blood stage proteomes of two species, P vivax and

P knowlesi. Much is not known about P vivax due to the difficulty in
cultivation. The simian P knowlesi on the other hand is readily cultured,
and has recently been associated with human malarial infections. The
disease associated stage of the malaria parasite is restricted to the
erythrocytic stage. We analyzed protein fractions from P, vivax and P
knowlesi purified trophozoites and schizonts, purified schizont infected
red blood cell membranes, and immunoprecipitated detergent-soluble
fractions. In order to establish protein similarities between the two
species, a panel of P vivax monoclonal antibodies (mAbs) were initially
used to screen R knowlesi schizonts by IFA and cross-reactivity mAbs
were used to immunoprecipitate proteins from P knowlesi extracts. All
protein fractions and immunoprecipitates were then separated on 4-20%
polyacrylamide gradient gels and protein bands excised and subjected to
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tryptic digests. Resulting peptides were analyzed on a MALDI TOF/TOF
mass spectrometer. The resulting peptide masses were searched against
all available Plasmodium proteomes. Initial data has yielded some useful
insights into the make-up of both proteomes. For example a P vivax mAb
immmunoprecipitated a complex of three P knowlesi proteins, called
MacP (Merozoite apical complex protein) which is present in both P vivax
and R knowlesi. Mass spectrometry analysis revealed that this complex
corresponds to the high molecular mass rhoptry protein complex (RhopH)
proteins that have been described in P falciparum and P yoelii. Such
studies enhanced by the now available proteomic tools could have major
implications for vaccine and or drug development.

COMPARATIVE STUDIES OF CYTOKINE PROFILES IN MURINE
ANEMIA CAUSED BY PLASMODIUM YOELII INFECTION,
DRUG INDUCED HEMOLYSIS OR BY HEMORRHAGE

Lili Xu, Asok Chaudhuri
New York Blood Center, New York, NY, United States

Malaria represents a major threat to populations in many tropical
countries around the world. Two major causes of malarial death are
severe anemia and cerebral malaria. Malarial anemia is characterized by
the destruction of both parasitized and nonparasitized red blood cells
and by the suppression of erythropoiesis (dyserythropoiesis) even in the
presence of a robust host erythropoietin response. Hematopoiesis, the
dynamic and complex developmental process of the formation of new
blood cells, regulates the proliferation, differentiation and maturation

of erythropoietic progenitor cells into erythrocytes and is under the
influence of several growth factors and cytokines. To determine whether
murine malaria infection affects erythropoiesis by altering the production
of growth factors and cytokines, we measured the profiles of multiple
cytokines during the development of murine malarial anemia with
Plasmodium yoelii. Results indicated that murine malarial anemia was
caused by significantly decreased levels of hematopoietic growth factors
and cytokines; and at the same time by increased levels of factors, which
negatively affect hematopoiesis. Interestingly, erythropoietin level in
peripheral blood was significantly elevated during anemia in the malaria-
infected mice as well as in the anemic mice caused by phenyl hydrazine
hydrochloride induced hemolysis or by hemorrhage, indicating that lack
of erythropoietin is not the major cause of malarial dyserythropoiesis. In
addition, we determined the cytokine levels in murine anemia caused

by P yoelii infection, hemolysis with drug or by hemorrhage. Results
indicated that the cytokine profiles in anemia caused by these methods
differ significantly from each other. We observed that at the blood stage
of parasite infection, several merozoite-released soluble proteins (MRSPs)
bound to both parasite infected and uninfected red blood cells, peripheral
leukocytes as well as nucleated bone marrow cells. We postulate that
MRSPs might play a role in dyserythropoiesis by altering hematopoietic
cytokine production during malaria.

ACTIVATION OF HUMAN BLOOD BRAIN BARRIER
ENDOTHELIUM IN CEREBRAL MALARIA

Abhai Tripathi', David Sullivan', Monique F. Stins?

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

Central to the pathology of human cerebral malaria (CM) is the
sequestration of P. falciparum infected red blood cells (Pf-IRBC) to blood
brain barrier (BBB) endothelium. Although several Plasmodium proteins
have been identified that interact with BBB endothelium, the effects of
these molecular interactions of Pf-IRBC with the BBB endothelium are
unclear. Therefore, we investigated the effect of Pf-IRBC on the activation
of human brain microvascular endothelial cells (HBMEC) monolayers. The
state of endothelial activation was determined by 1) ICAM-1 expression,
2) cytokine release and 3) monolayer integrity as measured by electrical
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resistance. We found that Pf-IRBC but not uninfected red blood cells (RBC)
activate HBMEC and increases ICAM-1 expression, cytokine release and
decrease barrier integrity. Removing extracellular proteins on Pf-IRBC by
trypsin treatment significantly reduced Pf-IRBC binding to HBMEC but
not its ability to activate HBMEC. Selection of populations of Pf-IRBC
that display a tenfold increase in binding had same effect as low-binding
Pf-IRBC. Inactivation of the intracellular parasite by artemisinin, partially
reduced the ability to activate HBMEC. Sub-fractionation showed that
both membrane associated and soluble Pf-IRBC factors mediate the
activation of BBB endothelium. Moreover, culture supernatants of Pf-
IRBC activated HBMEC. HBMEC activation could also be blocked by
preincubation of HBMEC with inhibitors of NFkB, reactive oxygen species
(blocking increase in ICAM-1 expression) and by pretreatment of Pf-IRBC
with Brefeldin A (partially prevents a decrease in electrical resistance of
BBB endothelium).

Taken together, our data shows that in CM, sequestration of Pf-IRBC in
brain endothelial venules leads to activation and impairment of the BBB
endothelium. This is a multi-step and multifactorial process involving non-
trypsin sensitive membrane components and soluble- Pf-IRBC factors.
This may lead to transmittance of soluble parasite and host factors into
the brain causing activation of neuroglia and neuronal dysfunction as
observed in CM

DETERMINATION OF THE NECESSITY AND ROLE OF
PLASMODIUM VIVAX RELATED PROTEINS IN MEROZOITE
INVASION

Amma A. Semenya’, Esmeralda V. Meyer', John W. Barnwell?,
Mary R. Galinski'

'Emory Vaccine Center at Yerkes National Primate Research Center, Emory
University, Atlanta, GA, United States, ?Malaria Branch, Division of Parasitic
Diseases, Centers for Disease Control and Prevention, Chamblee, GA,
United States

Plasmodium knowlesi is a simian malaria model that is related to the
human malaria P vivax. Two recently identified P knowlesi proteins,
PkNBPXa and PkNBPXb, are expressed in the erythrocytic stage of the
parasite life cycle and have been localized to the microneme organelles at
the apical end of the merozoite. These proteins belong to the reticulocyte-
binding like (RBL) superfamily of proteins. RBL proteins identified in other
Plasmodium species have been determined to be adhesive proteins that
bind to unknown ligands on the surface of erythrocytes. Because PkNBPs
are defined as RBL proteins, it is proposed that PKNBPs mediate the

same binding function of adherence to erythrocytes. It is important to
understand the role of NBPs in invasion to determine their function and
develop supporting data for these proteins as malaria vaccine candidates.
Through the use of transfection technologies in Plasmodium, it has
become possible to determine the function of proteins by specifically
targeting and disrupting the corresponding genes. Transfection
technologies have been employed both in vivo and in vitro to determine if
PkNBPXa and PkNBPXb are essential for merozoite adhesion and invasion
of RBCs

TRENDS IN THE COMPLIANCE LEVELS TO ARTEMETHER-
LUMEFANTRINE FOR THE TREATMENT OF UNCOMPLICATED
PLASMODIUM FALCIPARUM INFECTION IN ZAMBIA AFTER
FULL-SCALE DEPLOYMENT

Pascalina Chanda, Hawela Moonga, Naawa Sipilanyambe
National Malaria Control Center, Lusaka, Zambia

Due to high anti malarial drug resistance rates, Zambia has adopted
Artemether-lumefantrine (AL), as its first line treatment for uncomplicated

malaria. Although, ALis known to be highly efficacious, concerns have
arisen regarding patient compliance. This has prompted the National
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Malaria Control Centre (NMCC) to monitor treatment compliance levels
annually. After a two years full deployment of ALwith intensive patient
counselling, compliance levels were studied and compared with the year
before full-scale implementation. A descriptive study was conducted

in January 2004 and 2005 in 5 districts of different social-economic

and geographical localities, to ascertain levels of compliance to the 6-
dose regimen in malaria patients and whether AL was being correctly
administered. In the absence of national guidelines on compliance
measurement, a classification of total, non-, undetermined or probable
was adopted for the study, using WHO guidelines. The compliance levels
for the 2 consecutive years were compared statistically. All patients
suspected of having uncomplicated falciparum malaria visiting the

health centers in the month of January in the five districts, were eligible.
Compliance was found to be lower than the expected 90 % in both years.
There was however, an improvement in the year 2005 when an aggregate
of total and probable compliance for the respective years was considered
(82.2% in 2005 vs 75.9% in 2004). If probable compliance is taken as
non-compliance, there is still a higher compliance overall. The factors that
contributed to compliance were gender, educational level and distance to
health centre. Compliance has to be increased to acceptable levels due to
the fact that non-adherence may lead to treatment failure and contribute
to parasite resistance. There is need for the implementation of best
practices to improve adherence and maintain the efficacy of AL.

CURING MALARIA-INFECTED RODENTS USING ARTEMISININ-
DERIVED TRIOXANE DIMERS

Gary H. Posner', Wonsuk Chang?, Sandra Sinishtaj?, Andrew
S. Rosenthal?, Alvin S. Kalinda?, William Maio?, Dongpei Sang?,
Theresa A. Shapiro*

'Johns Hopkins University, Johns Hopkins Malaria Research Institute,
Baltimore, MD, United States, 2Johns Hopkins University, Baltimore,

MD, United States, *Johns Hopkins School of Medicine, Baltimore, MD,
United States, “Johns Hopkins School of Medicine, Johns Hopkins Malaria
Research Institute, Baltimore, MDD, United States

In only four or five chemical steps from naturally occurring artemisinin,
several 3-carbon atom-linked trioxane dimers were prepared in very good
overall yields. Plasmodium berghei-infected female mice were treated
subcutaneously on the day after infection with a trioxane dimer as a single
dose of 30 mg/kg murine body weight. After 30 days post-infection, the
mice showed neither overt toxicity nor any behavioral modification. No
malaria parasites were observed in the blood of the surviving mice on day
30 post- infection. Similarly, oral administration of some of these C-10
non-acetal trioxane dimers at a dose of 30 mg/kg mouse body weight on
days 1, 2, and 3 post-infection cured the malaria-infected mice; no malaria
parasites were detected in the blood of the surviving mice on day 30
post-infection. The chemical structures of the curative trioxane dimers and
details of the mouse survival will be discussed, with comparison especially
to malaria chemotherapy using sodium artesunate and trioxolane OZ277.

COSTS, EFFECTS AND COST-EFFECTIVENESS OF ARTEMETHER
LUMEFANTRINE IN ZAMBIA

Felix Masiye', Pascalina Chanda?, Hawela Moonga?, Patrick
Banda?, Bona Chitah?, Naawa Sipilanyambe?

"University of Zambia, Lusaka, Zambia, *National Malaria Control Center,
Lusaka, Zambia, *Central Board of Health, Lusaka, Zambia

In Zambia, Malaria incidence estimates indicate a threefold increase

over the past 30 years to more than 3 million clinical cases annually. The
decline in efficacy of common antimalarials is a contributor to this, leading
to adoption of more costly drugs as first line treatment in the form of
Artemisnin-based combination therapies (ACTs). In Zambia, the first line
treatment for uncomplicated malaria is Artemether-Lumefantrine (AL).
One of the barriers to effective deployment of ACTs in Africa has been
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the cost. We evaluated the operational cost-effectiveness of malaria case
management, using RDTs or microscopy or clinical assessment prior to
treatment with AL from a providers’ perspective. Data collection was
retrospective, before the use of ACTs and prospective, over a period

of 9 months, using facility based morbidity and cost data. The use of

AL as first line treatment has increased the total and average cost of
treatment per episode of malaria (Table1). The average cost of AL per
case treated is almost 20% higher. The average cost per case cured was
less for AL ($8.57) than SP ($10.65) (Table 2). The cost of an additional
case successfully treated was $4.16. The study performed a cost and
cost effectiveness analysis to provide guidance on issues arising from
changing malaria treatment policy in the face of drug resistance to other
antimalarials. On this account, AL has been found to be cost-effective.

DETECTION OF PLASMODIUM-INFECTED ERYTHROCYTES
AND EVALUATION OF ANTIMALARIAL ACTIVITY IN MURINE
MODELS OF MALARIA BY FLOW CYTOMETRY USING
AUTOFLUORESCENCE AND YOYO-1

M? Belén Jiménez-Diaz, Teresa Mulet, Sara Viera, Vanesa
Gomez, Angela Alvarez, Helena Garuti, M? Angeles Talavante,
Domingo Gargallo-Viola, Ifigo Angulo-Barturen

GlaxoSmithKline 1+D, S.L., Tres Cantos, Spain

Murine models are a cornerstone of the drug discovery process in malaria.
In experiments of drug efficacy testing, parasitemias in peripheral blood
are measured by microscopic analysis of blood smears. However, this
method is subjective and labor intensive. As plasmodia invade erythrocytes
suspended in blood, flow cytometry would seem the alternative technique
of choice. To avoid these problems, the lack of cell nucleus in murine
erythrocytes provides a simple way to detect parasitized red cells. However,
due to the presence in murine blood of a significant proportion of
erythrocytes containing detectable amounts of nucleic acids, only a limited
specificity has been achieved. As a result, flow cytometry has not been
widely used in murine models of malaria. Here we describe the application
a new flow cytometry method useful to distinguish infected erythrocytes
for measuring the activity of antimalarial drugs in vivo. This new technique
is based on the differences of autofluorescence and DNA content between
infected and non-infected erythrocytes measured after staining with
YOYO-1. Infected erythrocytes showed a characteristic pattern of staining
that markedly increased the specificity of detection. Moreover, infected
reticulocytes could be differentiated from infected normocytes. The limit
of sensitivity was 0.01 % and measurements were linear at parasitemias
above 0.1 % in routine conditions. When testing antimalarial compounds
in vivo, the patterns of staining obtained from samples of blood of
infected mice treated with chloroquine, artesunate, pyrimethamine or
atovaquone showed a characteristic profile for each compound. The
patterns correlated with the results expected according to their respective
mechanisms of action and parasite stage sensitivity. This suggests that this
method might be useful to assess in vivo the susceptibility of the parasitic
stages to new antimalarials.

IN VIVO ANTIMALARIAL EFFICACY AGAINST P. YOELII AND
P. FALCIPARUM OF A 4(1H)-PYRIDONE CANDIDATE FOR
CLINICAL DEVELOPMENT

M? Belén Jiménez-Diaz, Teresa Mulet, Vanesa Gébmez, Sara
Viera, IAigo Angulo-Barturen, Magdalena Jiménez, Domingo
Gargallo-Viola

GlaxoSmithKline I+D, S.L., Tres Cantos, Spain

4(1H)-pyridones is a novel class of selective inhibitors of the bc1 complex
found in the mitochondrial respiratory chain of Plasmodium spp. A
compound has been selected as candidate for clinical development on

the basis of its in vivo therapeutic index. The therapeutic efficacy of the
candidate compound was evaluated in a “4-day test” against Plasmodium

www.astmh.org



yoelii 17XNL or the strain P falciparum PfC1N9 developed for in vivo
assays in mice. The parameters measured were the effective doses at
50 or 90 % (ED,,, ED,,, respectively) on parasitemia 24 h after the last
dose administered. Chloroquine was used as internal control of the

assay in both models. In the standard yoelii model, groups of n=5 mice
were inoculated intravenously with 6.4x10¢ infected erythrocytes and,

1 hour after infection, treated p.o. once a day for 4 days. In this assay

the candidate pyridone showed potent antimalarial activity with ED, _
0.26 and ED,, = 0.54 mg/Kg. In the murine model of falciparum malaria,
groups of mice n=3 were infected with 20x10° infected erythrocytes via
intravenous route (day 0). The treatment started at day 3 after infection as
described for the previous model. The candidate pyridone showed potent
antimalarial activity against R falciparum with ED,;_0.65 mg/Kg and ED;
= 1.47 mg/Kg. The results obtained indicate that the candidate pyridone
has excellent efficacy against P falciparum in vivo. Moreover, analysis of
samples of peripheral blood by microscopy and flow cytometry suggested
that the trophozoite stage is the most sensitive to the pyridone in vivo.

A detailed pharmacodynamic study of the antimalarial activity of this
candidate in our falciparum murine model is in progress aiming to provide
efficacy data for the studies required to estimate target doses for Phase |
studies in humans.

COMPARATIVE MULTI-DOSE PHARMACOKINETIC
MODELLING AND DETERMINATION OF NON-
RECRUDESCENCE LEVEL FOR PLASMODIUM YOELII
INFECTION IN MOUSE OF ANTIMALARIAL 4(1H)-PYRIDONES

Santiago Ferrer', Adolfo Garcia', Belén Jiménez-Diaz', Beatriz
Rodriguez', Eduardo Romanos', Teresa Mulet!, Sara Viera', Vanesa
GoémeZ', Ifigo Angulo-Barturen’, John Sparrowe', Hong Xiang?,
Charles Davis?, Federico Gémez-de-las Heras', David Pompliano?,
Domingo Gargallo’

'GlaxoSmithKline R&D Diseases of the Developing World, Tres Cantos,
Spain, *GlaxoSmithKline R&D MMPD CEDD, Upper Providence,
Collegeville, PA, United States

4(1H)-Pyridones are a novel class of antimalarials acting as selective
inhibitors of Plasmodium mitochondrial function with demonstrated
activity both in vitro and in animal models of infection. Compounds
GW308678 and GW844520 were selected as lead compounds for pre-
clinical evaluation. In terms of therapeutic efficacy in vivo (efficacy against
Plasmodium yoelii in mice, standard '4-day Test’), GW308678 appeared
to have similar potency than GW844520 with ED50 and ED90 values of
0.3 and 0.5 mg/Kg compared with ED50 and ED90 0f 0.2 and 0.4 mg/Kg
for GW844520. However, whereas GW844520 was able to completely
eradicate P, yoelii infection in mouse after four 4 mg/Kg doses, animals
treated with GW308678 showed recrudescence at any dose deployed
(up to 32 mg/Kg). The two compounds displayed important differences
in terms of Clearance (Cl) (0.6 ml/min/Kg for GW844520 compared with
3 ml/min/Kg for GW308678) and terminal half-life (t1/2) (24.1 and 3.6
hours for GW844520 and GW308678 respectively) in mice. According

to these data, current hypothesis to explain the differences observed was
to consider that these differences were related to the longer exposure
over time obtained for GW844520 compared with GW308678. In order
1o test this hypothesis, we proceed to model the concentration-time

data of both drugs from available experimental PK data (single 10 mg/Kg
oral dose, compound levels determined in total blood). Once the best-
fitted PK model for each compound was achieved, simulated PK profiles
corresponding to the different doses administered in therapeutic efficacy
in vivo assays were obtained and simulated GW308678 PK profiles were
extended to match the expected terminal exposure of GW844520 after
four doses. Applying the predicted extended dosage model, GW308678
was able to fully eradicate Plasmodium yoelii infection at the same dose (4
mg/Kg) than GW844520.

COUNTERFEIT ANTI MALARIA DRUGS: THE DRAMA OF
DIHYDROARTEMISININ (DHA)

Frans H. Jansen, Sabine Van Miert
Dafra Pharma Itd, Turnhout, Belgium

In recent literature attention is drawn to the distribution of counterfeit
antimalarial drugs, in particular in Southeast Asia. It is mainly done by
adding insufficient active ingredient to the pills or even by selling pills
without active ingredient. The impression is given that a large proportion
of artesunate based malarial medications are fake. This could also happen
in Africa and therefore the content of a series of artesunate tablet
preparations, randomly purchased on the street markets in Kinshasa
(RDC), was investigated. The content of all packs (n=15) gave results of at
least 90 % of artesunate in the tablets. For other variables of tablet quality
several of the packs were far below GMP requirements but, fortunately
for the patients, they received an acceptable quantity of artesunate in

line with the 90-110% recommendation of International Pharmacopoea
(Int.Ph). Also a series of Dihydroartemisinin containing tablets (n=6) was
obtained and subjected to a similar analysis. None of the tested packages
complied with the specifications of the Int. Ph. The amount of impurities
and related substances found varied between 3% and 50% (max 2%). In
general one major breakdown product is found. It does not contain the
peroxide bridge and it is inactive against malaria. Breakdown of DHA is
not surprising. This molecule, being a peroxide, is an unstable chemical
subtance with high potential energy level. The hemi-acetal hydroxyl group
can switch from alpha to beta position and this involves ring opening
bringing the molecule in an unstable transition state. Under appropriate
circumstances (rising temperatures and humidity) the peroxide moiety

is decomposed when singlet oxygen is expulsed. This wasting of energy
has an explosive character akin to that of trinitrotoluene (TNT). Chemical
handling of artemisinin and derivatives must be done carefully in order
not to cause an explosion of the peroxide bridge. It is clear that therapy
with DHA in tropical countries can cause some serious problem where not
the manufacturer as such, but climatic conditions are responsible for the
damage. This breakdown of DHA also holds for preparations containing
the DHA combinations like e.g. DHA/Piperaquine. Prescribers are warned
for the pitfalls with DHA and its likely breakdown and, hence, underdosing
in the tablets.

DETECTION OF FOUR PLASMODIUM SPECIES BY GENUS-
AND SPECIES-SPECIFIC LOOP-MEDIATED ISOTHERMAL
AMPLIFICATION FOR CLINICAL MALARIA PATIENTS

Eun-Taek Han’, Risa Watanabe?, Jetsumon Sattabongkot?,
Benjawan Khuntirat?, Jeeraphat Sirichaisinthop?, Satoru Takeo?,
Takafumi Tsuboi?

'Cell-free Science Research and Technology Center, Matsuyama, Ehime,
Japan, *Cell-free Science Research and Technology Center, Matsuyama,
Ehime, Japan, *Department of Entomology, Armed Forces Research
Institute of Medical Sciences, Bangkok, Thailand, “Vector Borne Disease
Training Center, Saraburi, Thailand

Loop-mediated isothermal amplification (LAMP), a novel nucleic acid
amplification method, was developed for the rapid detection of four
species of human malaria parasites, Plasmodium falciparum, P vivax,

P malariae, and P ovale. This LAMP method amplified 18S small

subunit ribosomal RNA (SSU rRNA) gene of malaria parasites with high
specificity, efficiency and rapidity under isothermal conditions using a
set of Plasmodium genus- and species-specific primer sets and a DNA
polymerase with strand displacement activity. In this study, we evaluated
the specificity and sensitivity of these LAMP assay in comparison with
conventional microscopic examination and established nested-PCR assay.
The LAMP assay was evaluated by using blood specimens collected on
filter paper from 103 individuals (50 of the individuals diagnosed with
malaria infection under microscopic observation and nested-PCR assay,
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and 53 samples of negatively diagnosed) from malaria clinics in Mae Sod
district, Tak province, northwestern Thailand. Results were interpreted by
measuring turbidity in real time or visualization at the end of the assay.
Out of 50 positive cases, 36 from 37 vivax cases, all of 17 falciparum
cases, one case of malariae malaria were species specifically diagnosed by
the LAMP method. Forty eight out of fifty three negative cases, diagnosed
by both microscopy and nested-PCR assay, were confirmed by LAMP, and
five cases were diagnosed with malaria parasites. LAMP can yield results
within about 30 min for detecting of Plasmodium genus, 40 min for P
falciparum, and 45 min for P vivax. This method does not require post-
reaction processing, reduces sample handling, and minimizes the risks of
contamination. These results indicate that the LAMP assay is an extremely
rapid, highly sensitive, specific, cost effective and suitable for routine
screening of Plasmodium sp. infection in clinical laboratories. Further
studies are warranted to validate this technique for routine diagnosis of
malaria and surveillance of malaria prevalence in malaria endemic areas
where there are asymptomatic populations with low parasite density.

(ACMCIP Abstract)

COMPARISON OF PERFORMANCE CHARACTERISTICS OF
THE BINAX NOW® MALARIA TEST USING VENOUS AND
FINGERSTICK SAMPLES

Robert S. Miller
Walter Reed Army Institute of Research, Potomac, MDD, United States

The impact of the choice of clinical sample, venous blood obtained via
phlebotomy or fingerstick-derived blood, on the performance of malaria
rapid diagnostic tests (RDTs) is not known. 800 subjects with symptoms
consistent with malaria were enrolled at two malaria clinics near the
Thai-Burmese border during July/August 2003. Subjects underwent both
fingerstick and phlebotomy within 5 minutes. Both blood samples were
blindly evaluated by reference microscopy and by the same lot of the
NOW® Malaria test (Binax, Inc., Scarborough, Maine, USA). Microscopic
analysis of the Giemsa-stained venous blood smears revealed 81 cases
of Plasmodium falciparum, 126 cases of P vivax and 588 negatives.

5 additional malaria cases (< 1%) were detected from the fingerstick
samples at very low densities. When compared against microscopic
examination of venous blood, sensitivity of the Binax NOW® Malaria RDT
was 100% (95%Cl 96-100%) for falciparum, and 82% (95%CI 74-88%)
for vivax malaria. Specificity was 95%. Similar results were obtained
from the fingerstick samples, although more faint ‘false positive’ T1 lines
(HRP-2 antigen) were detected from the fingerstick samples. The percent
agreement between the venous and fingerstick samples was 94% (752
of 799) with most disagreements being the absence versus presence of
weakly positive HRP-2 lines. This 6% discrepancy rate is similar that to
seen in our lab among our trained microscopists interpreting the same
thick/thin blood smear. The Binax NOW® Malaria RDT can effectively be
used with venous or fingerstick blood samples

DEVELOPMENT OF AN ALDOLASE CAPTURE ELISA FOR USE
IN QUALITY CONTROL OF MALARIA RAPID DIAGNOSTIC
TESTS AND MEASURING PARASITE GROWTH IN-VITRO

Katharine K. Grady’, Curtis S. Huber', Martin Bubb?, David Bell?,
John W. Barnwell'

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
’National Bioproducts Institute, Pinetown, South Africa, *World Health
Organization/WPRQO, Manila, Philippines

Several antigen-specific capture assays to detect and diagnose malaria
parasites or to measure parasite developmental growth in vitro have been
developed over the past decade or so. These colorimetric based assays
have been developed to reduce or eliminate a need to use radioactive
chemicals to measure growth for in vitro drug susceptibility studies or

the necessity of microscopy to make a specific diagnosis of malaria. In
the latter case, the antigen-capture assays have taken the form of rapid
diagnostic test (RDT) devices using lateral-flow immunochromatographic
technology. The two principal target antigens in these assays have been
Histidine-Rich Protein Il (HRP Il) and parasite Lactate Dehydrogenase
(pLDH). However, unlike pLDH, HRP Il is only specific to Plasmodium
falciparum and RDTs designed to detect this antigen in blood will not
detect the other human species of Plasmodium. A number of RDTs have
now been designed to detect parasite aldolase in addition to HRP Il to
give the diagnostic assays a pan-species detection capability. We have
now developed a quantitative ELISA based aldolase capture assay using
two sets of monoclonal antibodies, biotinylation of the detection antibody
and horseradish peroxidase conjugated Neutravidin. The ELISA can reliably
detect parasite levels from 100-200/ul to over 40,000/ul. Aldolase levels
per infected erythrocyte increase 5 to 8 fold from ring-stage to late
trophozoite/early schizont stage of development. The levels of aldolase
expressed in a parasite are comparable to that of HRP II. The assay
recognizes recombinant P, falciparum and P vivax aldolase equally well.
This aldolase capture assay now provides an additional tool to measure
malaria parasite development for growth inhibiton/drug sensitivity studies
in the laboratory or field as well as a means to standardize materials for
the quality control of malaria RDTs, which are increasingly being used for
the diagnosis of malaria.

STAGE-SPECIFIC ACTIVITY OF ANTIMALARIAL COMPOUNDS
MEASURED BY OPTICAL MICROSCOPY, HYPOXANTHINE
UPTAKE AND A NEW METHOD OF FLOW CYTOMETRY

Maria Roncalés', M? Belén Jiménez-Diaz?, M? Jesus Almela?,
Pedro Torres?, Sonia Lozano?, Jaume Vidal?, Paloma del Reino?,
IAigo Angulo-Barturen?, Domingo Gargallo-Viola?, Esperanza
Herreros?

'GlaxoSmithKline, Tres Cantos, Spain, “GlaxoSmithKline, Tres Cantos, Spain

Development of new antimalarial agents must consider stage-specific
activity to improve drug efficacy. The evaluation of stage-specific activity
of new antimalarial agents using standard methodology is laborious and
time-consuming. The present study has been focused in the comparison
of three different methods to assess the advantages of each one and
determine their ability to evaluate stage-specific activity. We prepared

a highly synchronic culture of Plasmodium falciparum parasites which
was treated during each specific stage with different antimalarial
compounds: artemisinin, pyrimethamine and a member of the pyridones
family (GW844520). Their stage-specific activity was measured by optical
microscopic observation, incorporation of 3H hypoxanthine and a new
flow cytometry method. This technique is based on the differences of
autofluorescence and DNA content between infected and non-infected
erythrocytes measured after staining with YOYO-1. Optical microscopy

is the standard method to assess the level of development of parasites
and to differentiate morphologically each stage. Flow cytometry could
distinguish each stage of the parasite although microscopy was more
precise determining the morphological changing during the evolution of
stages. Regarding antimalarial activity, hypoxanthine incorporation is the
most sensitive methodology. Flow cytometry was also able to discriminate
between healthy and damaged parasites and showed a good correlation
with the data determined by microscopy. In general, artemisinin showed
a huge inhibition for all the stages, measured by hipoxantine and
microscopy, flow cytometry showed the same inhibition than the others
methods only for trophozoite stage; pyrimethamine was predominantly
effective against late trophozoite and schizont stage by the three methods,
meanwhile pyridones derivate was effective against early and late
trophozoites. This new method of cytometry presents the main advantage
of allowing the measurement of a large amount of samples with a good
correlation with the parasitemia levels determined by optical microscopy.
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BRINGING HEMOZOIN CRYSTALS AND SURFACES INTO THE
LIGHT

Scott D. Bohle', Aaron J. Kosar', Lilliana Suarez', Marie-Jossee
Bellemare!, Peter W. Stephens?

'McGill University, Montreal, QC, Canada, 2SUNY Stony Brook, Stony
Brook, NY, United States

Hemozoin, the unique material produced by an equally unique malarial
biochemistry, remains one of the parasites Achilles’ heel for drug
development. The structure determination of hemozoin offered an
important insight into its potential drug binding sites but heme’s general
insolubility has prevented rigorous testing of many hypothetical drug/
crystal interactions. This presentation will concern our efforts to develop
soluble versions of the dimer present in hemozoin. In particular the
hematin derivatives of deutero and meso porphyrin-IX form the same
dimer and exhibit key solubility lacking in the parent natural material.

For the first time drug/dimer interactions can be examined in solution
without competing equilibria from biologically irrelevant aggregation and
oxo-bridged dimer formation. New structures related to hemozoin have
been determined and attempts to label the faces of the crystallites will be
described.

THE ANTIPARASITIC DIAMIDINE DB75 TARGETS THE
PLASMODIUM FALCIPARUM NUCLEUS

Anne Purfield’, Arunima Mukhopadhyay?, Michael P. Barrett?,
Richard R. Tidwell', Steven R. Meshnick’

"University of North Carolina at Chapel Hill, Chapel Hill, NC, United States,
2University of Glasgow, Glasgow, United Kingdom

DB289 is a broad spectrum anti-parasitic compound which has been
shown to be effective against both Human African Trypanosomiasis and
malaria in recent clinical trials. DB75, (2,5-bis(4-amidinophenyl)furan is the
active metabolite of this drug. Previous work by our group showed that
DB75 localizes in and disrupts mitochondria of yeast and of Trypanosoma
brucei. The objective of this study was to determine the subcellular

target of DB75 in P falciparum. The inherent fluorescent properties of

the drug allowed us to visualize it with UV scanning confocal microscopy
and colocalize it with organelle-specific fluorescent probes including
MitoTracker® Red (mitochondria), LysoTracker® Red (food vacuole) or
Drag5™ (nuclear DNA). In addition, a GFP-PfPREX transfected falciparum
strain was used to determine if DB75 localizes to the apicoplast. Our
results show DB75 localizes only in the nucleus of P falciparum and not

in the mitochondrion, apicoplast or food vacuole. Previous studies show
that DB75 binds to the minor groove of DNA. Taken together, these results
suggest that the mechanism of action of DB75 against P falciparum may
be different than its mechanism of action against trypanosomes and may
involve inhibition of nuclear DNA synthesis.

DEVELOPMENT OF ANOPHELES DIRUS SPOROZOITE-
INDUCED MOUSE MALARIA MODEL

Montip Gettayacamin', Jetsumon Sattabongkot', Pranee
Hansukjariya', Anchalee Tungtaeng', Dennis Kyle?

'United States Army Medical Component-Armed Forces Research Institute
of Medical Sciences (US Army Medical Component - Armed Forces
Research Institute of the Medical Sciences), Bangkok, Thailand, ?Division
of Experimental and Therapeutics, Walter Reed Army Institute of Research,
Silver Spring, MDD, United States

Anopheles dirus is one of the major malaria vectors in Thailand and the
most efficient vector used in experimental malaria infection to produce
sporogonic stages of human and primate parasites at Armed Forces

Research Institute of the Medical Sciences. A new exo-erythrocytic (EE)
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ICR mice model inoculated with sporozoites harvested from A. dirus
mosquitoes was successfully developed and optimized. We compared
two mice malaria strains, Plamodium berghei (ANKA strain) and P

yoelii yoelii (17XL strain) at different doses and routes of infection in
order to select the best model with 100% consistent fatal infection.
Gametocytes were first detected in the blood of donor mice 2 to 5 days
after intraperitoneal (IP) inoculation of infected blood. Fifty mosquitoes
were then fed on each anesthetized donor mouse on the first or second
day of gametocyte detection with parasitemia exceeding 1%. Engorged
mosquitoes were kept at 21°C for a minimum of 21 days. Twenty one to
30 days after feeding on the mice, infective sporozoites were harvested
from the mosquitoes’ salivary glands. Sporozoite inoculations via IP and
intravenous (V) routes were compared at multiple doses from 25,000

to 100,000 sporozoites per mouse for P berghei and 100 to 17,500
sporozoites per mouse for P yoelii in 105 and 62 mice respectively. The IV
route induced the highest infection rate for both sporozoite strains. The
lowest P berghei sporozoite inoculation dose to induce consistent 100%
infection was 75,000. Prepatent period of P berghei infection was 3 to 6
days and resulted in 100% mortality within 7 to 28 days post inoculation.
The lowest P yoelii sporozoite inoculation dose to induce consistent 100%
infection was 500 but only 13.5% of mice died with the remainder self
curing. Pilot direct feeding of 5 and 25 P berghei infected mosquitoes
induced infection in all 5 and 8 mice respectively. Two confirmation studies
showed that the 50,000 sporozoites produced 100% infection in 20 mice
but produced only 41.8% infection when 55 mice were inoculated. The P
berghei model was selected with an optimal dose of 100,000 sporozoites
which induced 100% fatal infection in 4 confirmation experiments of 20,
20, 7 and 30 mice resulting in 100% mortality within 7 to 24 days. This
model is being validated for EE antimalarial drug screening.

REVERSED CHLOROQUINES: AN UPDATE ON MOLECULES
DESIGNED TO SUBVERT CHLOROQUINE RESISTANCE IN P.
FALCIPARUM

David H. Peyton', Steven Burgess', Katherine Liebman’, Jane
Kelly?, Simeon Andrews'

'Portland State University, Portland, OR, United States, Portland Veterans
Administration Medical Center, Portland, OR, United States

Drug resistant strains of malaria, including chloroquine-resistant (CQR)
Plasmodium falciparum, are a key factor in the worldwide and increasing
public health crisis of malaria. One hope for remedying this situation has
been offered in the form of ‘reversal agents’, molecules which 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). In this report we
present our new work in the development of ‘reversed CQs’' (RCQs), made
by covalently linking CQ and a reversal agent. Such ‘reversed CQs’ (RCQs)
have conceptual advantages over CQ/reversal agent cocktails. We also
present evidence pertaining to the RCQ mechanism, in part by designing
and testing molecules that resemble RCQs, but which were designed to
fail.

SYNTHESES AND EVALUATIONS OF REVERSED
CHLOROQUINES

Steven Burgess', Simeon Andrews’, Katherine Liebman', Jane
Kelly?, David Peyton'

'Portland State University, Portland, OR, United States, *Portland Veterans
Administration Medical Center, Portland, OR, United States

Malaria kills more than a million people annually, mostly from the parasite
Plasmodium falciparum, with a further 300-500 million nonfatal cases
each year. Chloroquine (CQ) has been one of the most inexpensive and
widely used drugs in the treatment of malaria, but resistance to CQ is
becoming widespread. It has been known for nearly two decades that
CQ resistance in P, falciparum can be reversed by co-administration with
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compounds known as ‘reversal agents’; however there are potential
pitfalls in their implementation. We undertook a novel strategy, namely
the chemical linking of a reversal agent to a CQ-like molecule to make

a ‘reversed chloroquine’, or RCQ. This presentation highlights and
updates the chemical syntheses and antimalarial activities of several such
compounds, which can have very good antimalarial activity against both
CQ sensitive and CQ resistant strains of P falciparum.

INVESTIGATIONS ON EMBRYO FETAL DEVELOPMENT IN
RATS AND RABBITS WITH RBX11160 AND ITS SAFETY AS
COMPARED TO ARTESUNATE

Vyas M. Shingatgeri', Venkatesha Udupa?, Vijay Batra?, J. C.
Craft?

'Ranbaxy Laboratories Limited, Gurgaon (Haryana), India, ?Medicines for
Malaria Venture, Geneva, Switzerland

RBx11160(RBx) is a synthetic endoperoxide antimalarial. The objective

of this study was to assess the embryo-fetal toxicity in rats and rabbits
with RBx at 10, 30 and 90 mg/kg/day dose. More than dose proportional
exposure from 10-30 mg/kg and dose proportional exposure from 30-

90 mg/kg doses was seen both species. In rats, all females survived until
C-section and no test item-related clinical signs, of discomfort and gross
changes were noted. At 10 and 30 mg/kg/day doses, no changes in food
consumption, mean body wt, reproductive parameters, and fetus wt
were noticed. At 30 mg/kg/day, a VSD was noted in one fetus out of 257
fetuses examined, this defect was also seen in controls. At 90 mg/kg/day
dose level, reduction in mean food consumption (-10.7% compared

with the vehicle control), body wt gain (57 g vs with 74 g in control)s,
post-implantation loss (10/22 females), litter size (8.2 fetuses per dam
compared with 13.6 in the vehicle control) and fetal weight (4.1 g vs 4.8
g in controls) were seen. Further, abnormal findings viz., VSD (5 fetuses),
aortic arch dilated (6 fetuses), ductus arteriosus and/or pulmonary trunk
narrowed (5 fetuses), spleen reduced in size (4 fetuses) were seen. No
test item-related effects were noted on sex ratios, at fresh external or
skeletal examinations at all doses. The maternal NOEL and reproductive
parameters was considered to be 30 mg/kg body wt/day (~7X the human
exposure at 100 mg/day). The fetal NOEL was considered to be 10 mg/kg
body wt/day (equivalent to human exposure at 100 mg/day). In rabbits, at
90 mg/kg/day dose, labored respiration was noted for four females and
one female was found dead on day 19 pc, reduction in food consumption
(-27.3% vs controls), mean body weight development (+0.1% vs with
+2.4% controls), fetal wt (31.5 g vs with 32.7 g controls), At 10 and 30
mag/kg/day doses, no mortality/clinical signs, changes in mean body weight
and post-implantation loss. At 30 mg/kg body wt/day, slight reduction

in food consumption was noticed. No macroscopic findings or fetal
anomalies were seen at any dose. The maternal NOEL was 10 mg/kg body
weight/day (= to human exposure at 100 mg/day), and the fetal NOEL
was 30 mg/kg body weight/day (3X the human exposure 100 mg/day).
Under the conditions described for this study, RBx11160 did not reveal any
teratogenic potential at any dosages (16X human exposure 100 mg/day).
artemisinins are embryolethal and teratogenic in this model suggesting
RBx maybe safer in pregnancy.

FIXED DOSE ACT: PHARMACOKINETIC STUDY OF
ARTESUNATE-SULFAMETHOXYPYRAZINE-PYRIMETHAMINE
(CO-ARINATE FDC) IN A BLACK POPULATION IN IVORY
COAST

Louis Penali', FH Jansen?, J. Van Boxlaer?

'Institute Pasteur, Abidjan, Cote d’lvoire, °Dafra Pharma, Turnhout,
Belgium, 3Laboratory of Medical Biochemistry and Clinical Analysis, Ghent
University, Gent, Belgium

Malaria kills approximately 1.5 to 2.7 million people each year. In spite of
the introduction of artemisinin and its derivatives, even as combination
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therapy with other antimalarials, the treatment of malaria is hampered

by problems like insufficient efficacy, recrudescence, early re-infection,
bad patient compliance and high cost price of the drug. For these reasons
new and more acceptable medicines are developed. One of them is

the combination Artesunate /Sulfamethoxypyrazine/ Pyrimethamine
(Co-Arinate FDC) in a fixed dose tablet. Clinically, three of these tablets
administered over a total of 24 h period (one day) cure malaria. The
clinical part of study was done with fourteen healthy volunteers in Ivory
Coast in the Urban Sanitary Formation in the Suburban Community of
Abidjan. Blood samples were taken after oral administration of one unit
(1.5 tablet) containing 300 mg Artesunate, 750 mg Sulfamethoxypyrazine
and 18.75 mg Pyrimethamine. The blood plasma levels of these three
active ingredients were determined by Liquid Chromatography-Mass
Spectrometry. For Sulfamethoxypyrazine the C__ was achieved in 2

to 4 hours and an elimination half life of approximately 65 hours. For
Pyrimethamine a similar curve is obtained. Cmax was reached after

2 hours and an apparent elimination half life of approximately 54 to

148 hours. Peak levels are in agreement with literature data for these
compounds. For Artesunate the levels of Artesunate and its active
metabolite Dihydroartemisinin are determined. For none of the volunteers
there was a detectable concentration (2,5 ng/ml) of Artesunate found in
the plasma samples investigated. Only DHA was found. The Tmax was
achieved after 2 hours and after 12 hours the DHA fell below detection
limit. The area under the curve is fully in line with what was obtained in a
similar study with artesunate administered from a monotherapy tablet. In
conclusion, from the fdc tablet proposed the three active ingredients are
properly released and give rise to adequate plasma concentrations. T__
C,... and area under the curve are not different from those obtained after
separate administration. Co-arinate FDC is a good galenic preparation for
the treatment of malaria.

IS ARTESUNATE OR ITS ACTIVE METABOLITE
DIHYDROARTEMISININ BEING EXCRETED IN THE MILK OF
LACTATING MOTHERS?

FH Jansen, Annemie Jansen-Luts, Caroline Ameye, Louis Penali
ACT-ion AFRIQUE, Bruxelles, Belgium

In Sub-Saharan Africa malaria remains a major problem. It affects a lot of
people and therefore its treatment causes concern for certain groups like
for young children and pregnant women in the first trimester. Although
the use of artemisinin derivatives is already generally accepted and applied,
there still remain some questions. Up to now, there is no published
evidence that artesunate and/or its active metabolite dihydroartemisinin

is excreted in mother milk. If so the next question would be whether the
amount present in the total amount of milk sucked by the baby constitutes
a danger? The presence of artesunate and of dihydroartemisinin (DHA)

in the milk of lactating mothers, who had decided to stop breast feeding
their child was studied. Artesunate was given as a single dose of a 200 mg
tablet at hour zero after milk was collected using a vacuum pump. Then,
attime 1, 2, 4, 6 and 10 hour milk was collected and all samples were
deep frozen (-20°C) until analysis. This analysis was done by appropriate
preparation of samples and concomitant measurement of artesunate (limit
of detection 5 ng/ml) and its major metabolite dihydroartemisinin (limit

of detection 2.5 ng/ml) using HPLC/mass spectrometry. Artesunate in
mother milk remains below the detection limit at all time points. However,
DHA is present from the first hour onwards and reaches a maximum after
90 minutes (around 35 ng/ml). The concentration then lowers off and it
disappears from milk after the 6th hour. Total amounts of DHA present in
a milk meal for a baby can be calculated to be of microgram level only for
the total amount secreted over a period of time. In conclusion, treatment
of a lactating mother with artesunate does not constitute a danger for the
baby who will receive only very low quantities of the DHA metabolite and
no guantity of artesunate during a meal.
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ASSESSING THE SPREAD OF DIHYDROFOLATE REDUCTASE
AND DIHYDROPTEROATE SYNTHASE MUTANT ALLELES IN
PLASMODIUM VIVAX POPULATIONS

Vivian N. Hawkins, Stephanie Suzuki, Carol H. 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) due to
misdiagnosis or co-infection with P falciparum 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. Point mutations in dhps

are more common in regions with high versus low S/P drug pressure,

and specific point mutations are believed to account for the presumed
innate resistance of P vivax to sulfadoxine. Studies in P falciparum have
suggested that resistance-conferring mutations in dhfr are the result of
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, variable repeats and
insertions/deletions (indels) observed. Single nucleotide polymorphisms
(SNPs) flanking dhfr and dhps and indels/repeats within the genes may
provide information about the manner in which resistance-conferring
alleles have moved through natural populations. We amplified dhfr-ts and
792 bp upstream/ 683 bp downstream from 28 global samples (Sri Lanka,
Vietnam, Thailand, Nicaragua, Panama and Colombia). We found a range
of polymorphisms both within the dhfr coding region and in the flanking
intergenic regions. At present, informative indels within dhfr have been
identified, as well as six informative SNPs upstream and two downstream.
The repeat region between bp 604 and 644 in dhps was assessed in 21
field isolates from Indonesia and Papua New Guinea, and a bi-allelic point
mutation at bp 382 was observed. A variety of repeat structures were
found. These polymorphism data may be used to understand the way in
which resistance-conferring mutations arise and spread through natural P
vivax populations.

(ACMCIP Abstract)

COMPREHENSIVE AND SYSTEMATIC APPROACH TO
MONITORING ANTIMALARIAL DRUG RESISTANCE IN THE
PERUVIAN AMAZON

Carmen Lucas’, Olga Colina’, Solomon Durand?, Carola Salas',
Carlos Alvares Antonio®, Carmen Montalvan3, Carlos Vidal Ore3,
Cesar Cabezas*, David J. Bacon®

'Naval Medical Research Center Detachment, Lima, Peru, ?Naval Medical
Research Center Detachment, Iquitos, Peru, *Regional Health Directorate
of Loreto, Iquitos, Peru, “Intituto Nacional de Salud, Lima, Peru, *Naval
Medical Research Center Detachment, Lima, Peru

Antimalarial drug resistance is on a steady increase worldwide. In Peru,
much of the circulating Plasmodium falciparum is resistant to chloroquine
and areas with a very high level of resistance towards sulfadoxine-
pyrimethamine (SP) have been documented and well studied. There have
been reports of chloroquine (CQ) resistant isolates of P vivax but to date,
the resistance of only a couple of isolates has been confirmed by HPLC.
Currently, Peru has two treatment policies for uncomplicated P, falciparum
malaria. In the Amazon basin, centered near the jungle city of Iquitos,
treatment is with MQ-ART while in the north coast the treatment policy
is SP-ART. The current treatment policy for P vivax in the whole of Peru

is CQ and primaquine (PQ). There is little information as to the extent of
the spread of SP resistance in P falciparum and CQ resistance in P, vivax
in the Peruvian Amazon, so a comprehensive effort has been made to
monitor the spread of resistance using various methods. Currently, active
surveillance sites have been set up to monitor in vivo drug resistance

in P vivax in the lquitos city region while passive surveillance has been
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instituted for both P falciparum and P vivax malaria in more than 20 sites
extending west from Iquitos. The passive surveillance includes obtaining
samples from patients with confirmed case of malaria followed by a
detailed questionnaire and a rigorous follow up program to monitor
compliance with treatment and to identify treatment failures. When
possible, fresh clinical isolates of both P vivax and P falciparum are used
for in vitro drug susceptibility testing using in-house pre-dosed plates
and SYBR Green incorporation to determine IC, values. Isolates collected
during the active and passive surveillance are also subjected to analysis
for the currently known molecular markers that have been shown to
confer drug resistance in both P falciparum and P vivax. More recently,
microsatellite technology has been used to monitor the spread of SP
resistance through the Amazon basin. By combining all the various means
to assess drug resistance, it is the long-term goal of the group to better
understand the spread and to monitor where antimalarial treatments will
eventually fail so treatment policies can be amended prior to treatment
failures in the local clinics.

SIGNIFICANT ASSOCIATION BETWEEN THE PRESENCE OF
THE BOLIVIA REPEAT INSERTION IN THE DHFR GENE OF
PLASMODIUM FALCIPARUM AND IN VIVO RESISTANCE
TO SULFADOXINE-PYRIMETHAMINE (SP) IN ISOLATES
COLLECTED IN THE AMAZON REGION OF PERU

Carola Salas', Alan Magill?, Meddly Santolalla’, Carmen Lucas',
David J. Bacon'

'Naval Medical Research Center Detachment, Lima, Peru, Walter Reed
Army Institute of Research, Silver Spring, MD, United States

Treatment of Plasmodium falciparum malaria with the antifolate

drug sulfadoxine-pyrimethamine (SP) became first-line therapy in the
Amazon region of Peru in 1997. Efficacy of this combination therapy is
compromised by the development of resistance in the parasite caused by
point mutations in dihydrofolate reductase (Pfdhfr) and dihydropteroate
synthase (Pfdhps) genes that are associated with pyrimethamine and
sulfadoxine resistance respectively. Previous reports from South America
have documented the presence of an insertion after codon 30 in Pfdhf
named the Bolivia repeat (BR), which was found in combination with
mutations at codons 50, 51, 59, 108 and 164 in isolates with high levels
of resistance to pyrimethamine and cycloguanil, however no association
was studied in samples collected as part of an efficacy trial to evaluate in
vivo SP resistance. Therefore, we sought to determine the presence of the
BR in isolates previously shown to contain mutations at codons 51, 108
and 164 but were wild type at positions 50 and 59. Following PCR and
DNA sequencing of Pfdhfr gene, the BR was found in 100% association
with the 511 and 164L mutant alleles while isolates that did not have the
BR were wild type at these locations. All isolates had the 108N mutation.
Interestingly, 82% of the patients that failed treatment (42/51) harbored
isolates with the BR and had in total, 6 or 7 mutations in the Pfdhfr and
Pfdhps genes. Interestingly, of the 9/51 patients that did not have BR but
failed treatment with SP, they only harbored the 108N mutant allele. This
could signify a series of unknown mutation in other genes involved in folic
acid synthesis. Of the 35 patients that were sensitive to SP treatment, 6/35
(17%) of them harbored the BR but had wild type alleles at N51 and 1164.
It is still not known what role the BR has in resistance to SP but according
to our results its presence is associated with in vivo drug resistance as
verified by logistic regression analysis and could therefore serve as a
marker for monitoring resistance to this combinational therapy in the
Peruvian Amazon.
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CAMBODIAN’S RESPONSE TO HIGH RESISTANCE OF P.F TO
ANTI-MALARIA DRUG

Sim Kheng
National Malaria Centre, Phnom Penh, Cambodia

In Cambodia, malaria is a rural disease occurring especially among people
who work or live in the forest and forest fringes and it is ranked among
the leading causes of mortality and morbidity. Multiple drug resistance of
Plasmodium falciparum has been a big problem for malaria treatment in
Cambodia, especially in the western provinces. The threats to this issue
were few patients with malaria received corrected and appropriated
malaria diagnosis and treatment and the widespread availability use of
fake anti-malarial drugs by risk group who sought first line treatment

in the private sector, as fake artesunate and mefloquine is 70-80% in
drug outlets (NMCP,2004). This raises the important policy issue of the
mechanism of drug delivery (where people get their drugs from), and

its impact on drug intake and treatment outcome. In order to facilitate
correct dosing, to protect people from fake drugs and to help improve the
compliance of patients and health care providers, since early 2002 the sub-
cocom of malaria decided that malaria treatment should be pre-packaged
in blister packs for different age and weight groups and distribute by three
channels delivery, public and private sector and Village Malaria Workers.
On the other hand, more control of the source of drug supplies had been
considered thought strengthening the management of pharmaceuticals
and other medical supplies and appropriate inventory system. Although

in Cambodia, the application of legislation to control the drugs in the
market and knowledge of people about correct malaria diagnosis and
treatment were still weak, but some action taken have improved the
situation. For example, public announcements about fake drugs, the
distribution of warning posters and their obligatory display in pharmacies
and increase community awareness through mass media such as radio, TV
and newspapers, and conducted anti malaria drug sensitivity monitoring
at selected sentinel sites may all help to prevent the development and
widespread of anti-malaria drug resistance in Cambodia.

GENOME-WIDE GENE EXPRESSION AND MECHANISM OF
CHLOROQUINE RESISTANCE IN THE HUMAN MALARIA
PARASITE PLASMODIUM FALCIPARUM

Hongying Jiang', Jinhui Ding?, Tetsuya Furuya', Jianbin Mu’,
Roland A. Cooper?, Xinzhuan Su'

'National Institutes of Health, National Institute of Allergy and Infectious
Diseases, Rockville, MDD, United States, 2National Institutes of Health,
National Institute on Aging, Rockville, MD, United States, *Department of
Biological Sciences, Old Dominion University, Norfolk, VA, United States

Mutations in the pfcrt (P falciparum chloroquine-resistant transporter)
play a key role in conferring chloroquine (CQ) resistance (CQR) to P
falciparum (Pf). Mutations in pfmdr1 (Pf multiple drug resistance gene

1) also affect the levels of CQR. Additionally, parasites with the same
pfcrt and pfmdr1 mutant alleles differ dramatically in their response to
CQ, suggesting the involvement of other genes in determining drug
susceptibility levels. In areas where CQ use has ceased, the reemergence
of CQ sensitive (CQS) parasites suggests that at least some mutations

in pfcrt are deleterious to parasite survival. To understand the effects of
pfcrt mutations on parasite survival and their responses to drugs, we
investigated gene expression profiles of two pfcrt mutant parasite clones
derived from a CQ sensitive parasite (106/1) under lethal doses of either
CQ or quinine (QN). A total of 96 genes were significantly differentially
expressed in the two mutants, including 14 putative transporters. Of the
63 genes that are significantly up-regulated in association with the PfCRT
(K76l) mutation, many are involved in parasite invasion or growth, signal
transduction, and posttranslational regulation, suggesting compensation
for the altered effects of mutant pfcrt. On the other hand, a total of

33 genes were significantly down-regulated, ~30% of which encode

transporters and membrane proteins (including pfmdr7). As a member of
a drug/metabolite transporter superfamily, mutations in PfCRT not only
affect the transport of CQ and QN, but may also influence other transport
processes, leading to changes in expression of relevant transporters. An
additional mutation at amino acid position 352 reverses the CQR parasite
back to a CQS parasite. Only two genes, however, showed significantly
reversed expression patterns in response to this additional change. Further
characterization of genes that are differentially expressed between CQS
and CQR parasites will lead to a better understanding of drug resistance
and normal biological PfCRT functions in malaria parasites.

EVALUATION OF RAPID DIAGNOSTIC TESTS FOR DIAGNOSIS
OF MALARIA AND MONITORING THE EFFICACY OF ANTI-
MALARIA THERAPY IN SUDAN

Bakri Y. Nour’', Henk D. Schallig?, Gerard J. Schoone?, Osman K.
Saeed', Ahmed Abd Allah Mohamadani'

'Blue Nile Research and Training Institute/University of Gezira, Wad
Medani, Sudan, *Koninklijk Instituut voor de Tropen (K.I.T.)/Royal Tropical
Institute, KIT Biomedical Research, Amsterdam, The Netherlands

To improve the diagnosis of malaria and treatment strategies, two RDTs,
Paracheck test (HRPII) and optimal test (pLDH) were evaluated to monitor
the therapeutic efficacy of CQ. The above mentioned diagnostic tests
were performed on blood samples collected during the follow-up days 1,
2,3,7.14, 21 and 28. The total number of blood samples investigated
was 570 (470 from the enrolled P. falciparum malaria cases and 100
from the blood bank donors as a control). Microscopy showed that 218
cases were positive and 352 were negative. The Paracheck test (HRPII)
showed that 249 individuals were positive and 321 negative, whereas

the optiMAL (pLDH) showing that 214 were positive and 356 negative.
The findings indicated that there were 31 false positives demonstrated

by the Paracheck test and no false negative with this test. In contrast, the
optiMAL test resulted in only 4 false negative samples and no false positive
cases. The results of Paracheck test showed that its sensitivity was 88.9%,
its specificity was 91.2%, and its reliability was 80.1%. The optiMAL had
in this study a sensitivity of 98.2%, a specificity of 98.9% and aireliability
of 97%. The study also indicated that CQ resistance frequencies were
43.7%, 47.9% and 41.7% (P-value = 0.0001) by using microscopy,
Paracheck test and optiMAL tests respectively.

It was concluded from this study that the OptiMal test is the most sensitive
and specific and reliable RDT for the diagnosis of malaria, and monitoring
antimalarial drugs efficacy, but microscopy remains superior.

PFMDR1 AND FALCIPARUM MALARIA RESISTANCE TO
ARTEMISININ COMBINATION THERAPY IN CAMBODIA

Pharath Lim’, Alisa P. Alker?, Nimol Khim', Naman K. Shah?,
Sandra Incardona', Socheat Doung?, Poravuth Yi3, Thierry
Fandeur?, Steven R. Meshnick?, Jacques Le Bras®, Pascal
Ringwald6, Frederic Ariey!

'Institut Pasteur du Cambodge, Phnom Penh, Cambodia, ?Department of
Epidemiology, University of North Carolina School of Public Health, Chapel
Hill, NC, United States, *National Center for Parasitology, Entomology

and Malaria Control, Phnom Penh, Cambodia, “Faculté de Pharmacie,

UFR sciences pharmaceutiques, UMR INRA-Université d’Immunologie
Parasitaire et de Vaccinologie, Tours, France, *Facuté des sciences
pharmaceutiques et biologiques, Université René Descartes-Paris 5, Paris,
France, 6Global Malaria Programme, World Health Organization, Geneva,
Switzerland

The combination of artesunate and mefloquine was introduced as the
national first line treatment for Plasmodium falciparum malaria in
Cambodia in 2000. However, recent clinical trials performed at the Thai-
Cambodian border have already pointed to declining efficacy of this
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combination and to artemether-lumefantrine as well. The aim of this study
was to assess the link between pfmdr1 copy number and artesunate-
mefloquine or artemether-lumefantrine treatment failure. Blood samples
were collected from P. falciparum-infected patients enrolled in two in
vivo efficacy studies in north-western Cambodia: 113 patients were
treated with artemether-lumefantrine in Sampovloun in 2002 and 2003,
and 119 patients with artesunate-mefloquine in Sampovlioun and Veal
Veng in 2003 and 2004. For all these samples, the in vitro IC50 was
measured and the strains were genotyped for pfmdr1 copy number by
Real Time PCR.

An increase in Pfmdr1 copy number was positively correlated with
mefloquine IC50 (r=0.325, p=0.001) and lumefantrine IC50 (r=0.325,
p=0.021). Strains with three or more copies of pfmdr1 were associated
with recrudescence in artesunate-mefloquine treated patients (hazard
ratio (HR) = 7.16 [95%Cl: 1.92 - 26.71], p=0.003) but not with
recrudescence in artemether-lumefantrine treated patients (HR=1.14
[95%Cl: 0.26 - 4.91], p=0.861). In conclusion, Pfmdr1 copy number

was linked to artesunate-mefloquine treatment failure. No association
between artemether-lumefantrine treatment failure and increased pfmdr1
copy numbers could be established. Isolates with decreased in vitro
susceptibility to mefloquine were common along the border with Thailand.
Our results demonstrate that pfmdr1 copy number is a valid molecular
marker of artesunate-mefloquine treatment failure in falciparum malaria
on the Thai-Cambodian border. The implication for its use to monitor the
prevalence and spreading of ACT resistance in this area is discussed.

ISLAND-WIDE DIFFERENCES IN SINGLE NUCLEOTIDE
POLYMORPHISMS IN THE P. VIVAX DIHYDROFOLATE
REDUCTASE GENE (PVDHFR) IN SAMPLES FROM SRI LANKA

Mette L. Schousboe', Rupika S. Rajakaruna?, Ali Salanti’,
Hapuarachchige C. Hapuarachchi®, Gawrie N. Galappaththy?,
Priyanie H. Amerasinghe®, Ib C. Bygbjerg®, Flemming Konradsen®,
Michael Alifrangis’

'Centre for Medical Parasitology, University of Copenhagen, Copenhagen
N, Denmark, 2Department of Zoology, University of Peradeniya, Kandy,
Sri Lanka, *Department of Parasitology, Faculty of Medicine, Ragama, Sri
Lanka, “Mlinistry of Health, Anti-Malarial Campaign, Colombo, Sri Lanka,
*International Water Management Institute, Andhra Pradesh, India,
bInstitute of Public Health, University of Copenhagen, Copenhagen N,
Denmark

Single nucleotide polymorphisms (SNPs) in the Plasmodium vivax
dihydrofolate reductase gene (Pvdhfr) is causing resistance to the
antimalarial drug, pyrimethamine and is likely to result in resistance

to the drug combination sulfadoxine/pyrimethamine (SP) in vivo. We
have developed a simple enzyme-linked immunosorbent assay (ELISA)
system using sequence specific oligonucleotide probes (SSOPs) for high-
throughput screening of SNPs in the Pvdhfr gene at codon 57, 58, 61
and 117. The sensitivity and specificity of the SSOP-ELISA method was
found comparable to results obtained by restriction fragment length
polymorphism (RFLP). The SSOP-ELISA was used to examine the prevalence
of 10 different SNPs/haplotypes in 384 samples from individuals tested
positive for vivax malaria mainly between 2004 and 2005 living in 9
different districts of Sri Lanka. In 32% of the samples, 5 different mutant
Pvdhfr haplotypes were detected, of which 77% where the double
mutant haplotype at 57 and 58. The distribution of the remaining
mutant haplotypes differed significantly according to geographical origin
of infection. Furthermore, a significant temporal distribution of the
haplotypes was found with most of the mutations detected succeeding
the malaria peak season (March-September 2005). The high frequency
of mutations in the Pvdhfr was unexpected since SP is only rarely used
against P vivax infections in Sri Lanka. It indicates that drug resistant
parasites can evolve despite a low level of SP drug pressure possibly
attributed to e.g. the use of other antifolatic drugs.

PREDICTORS OF MALARIA INCIDENCE IN A COHORT OF
CHILDREN LIVING IN KAMPALA, UGANDA

Tamara D. Clark’, Denise Njama-Meya?, Sarah Staedke', Bridget
Nzarubara?, Catherine Maiteki-Sebuguzi?, Moses Kamya?3, Philip J.
Rosenthal’, Grant Dorsey’

"University of California San Francisco, San Francisco, CA, United States,
2Makerere University-University of California San Francisco, Kampala,
Uganda, *Makerere University, Kampala, Uganda

Malaria is often considered a homogenous disease in children living in
Africa. However, malaria risk may be heterogeneous in urban areas with
lower endemicity, which could have important implications for malaria
control interventions. We identified predictors of malaria incidence in
children living in Kampala, Uganda, using a prospective cohort design.

A representative sample of 601 children aged 1-10 were recruited from

a census population and followed for all of their health care needs

in a designated study clinic. Malaria was diagnosed each time a child
presented with a new episode of fever and a positive thick blood smear.
Episodes of malaria diagnosed within 14 days of a previous episode were
considered treatment failures rather than new episodes. Independent
predictors of malaria incidence were identified using a negative binomial
regression model with adjustment for clustering of children living in

the same household. A total of 671 new episodes of malaria were
diagnosed after 682 person years of follow-up (incidence = 0.98/person
year). Malaria incidence was highly heterogeneous, with no malaria in
283 children, 1 episode in 146 children, and >1 episode in 172 children
(range 2-11 episodes). Malaria incidence decreased with increasing age at
enrollment (incidence rate ratio (IRR) = 0.95 per 1 year increase, p=0.03).
Reported use of an insecticide treated net (ITN; IRR=0.35, p=0.001, but
not use of an untreated net (IRR=0.96, p=0.81) was associated with a
lower incidence of malaria compared to children with no reported bednet
use. Patients with low glucose-6-phosphate dehydrogenase activity had

a lower incidence of malaria than those with normal activity (IRR=0.67,
p=0.02). Sickle cell trait, gender, and low height-for-age or weight-for-
height scores were not associated with malaria incidence. An additional
spatial analysis is planned. Identification of predictors of malaria incidence
can improve our understanding of the epidemiology of this disease and
help guide targeted interventions for prevention.

MALARIA AND HELMINTH CO-INFECTION IN A SEMI-URBAN
POPULATION OF PREGNANT WOMEN IN UGANDA

Stephen D. Hillier', Mark Booth?, Lawrence Muhangi3, Macklyn
Khihembo?, Kakande Mohammed?, Moses Sewankambo?, Kizindo
Robert?, Moses Kizza®, Moses Muwanga*, Mark Bambury®, Alison
Elliott®

"The University of Birmingham Medical School, Birmingham, United
Kingdom, ?The University of Cambridge Department of Parasitology,
Cambridge, United Kingdom, *Medical Research Council/Uganda Virus
Research Institute, Entebbe, Uganda, “Entebbe Hospitals, Entebbe,
Uganda, *West Midlands Cancer Intelligence Unit, Birmingham, United
Kingdom, ¢London School of Hygiene and Tropical Medicine, London,
United Kingdom

Helminths infections currently affect approximately one billion people
worldwide, and malaria mortality is estimated a 1 million deaths per
year. Recent studies suggest an association between helminth infections
and malaria that may be biological in nature. Pregnant women may be
at particularly high risk from adverse effects of these infections, such

as anaemia and adverse birth outcomes. The aim of this study was to
identify risk factors for helminth and malaria infections and describe

the spatial distribution of co-infections in pregnant women in Entebbe,
Uganda. This cross-sectional study used base-line data from a trial of
anti-helminthics based at Entebbe hospital antenatal clinic. Helminth and
malaria infections were quantified in 2515 women from stool and blood
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samples, a questionnaire recorded socioeconomic and demographic
details, and residences were georeferenced. Mansonella perstans was
independently associated with malaria infection (odds ratio adjusted

for age, tribe, socioeconomic status, HIV and residential location: 1.65,
95% confidence interval 1.21-2.21, p=0.001) but the probability of co-
infection depended on an individual’s residential location. An apparent
association between malaria and hookworm infections was abrogated
after adjustment for confounders. Other helminths showed no significant
association with malaria. In conclusion, statistically significant association
was observed between M. perstans and malaria parasitaemia in this
population of pregnant women, which is biologically not understood and
may merit further investigation. Location of residence may be important,
as it may be associated with overlapping occurrences of the vectors
involved.

MALARIA IN TRAVELERS RETURNING TO OTTAWA FROM
1995-2004: A RETROSPECTIVE DESCRIPTIVE REVIEW

Gregory W. Rose', Kathryn N. Suh?, Anne E. McCarthy'

'The Ottawa Hospital/University of Ottawa, Ottawa, ON, Canada,
2Children’s Hospital of Eastern Ontario/University of Ottawa, Ottawa, ON,
Canada

Malaria affects 1 per 1000 travelers returning from endemic areas,

with a fatality of 0-1.1%. A lack of appropriate pre-travel advice is a
major risk factor for severe malaria, yet other factors leading to malaria
contraction and complicated disease have not been examined in our
country. The aims of this study were to: 1) identify local risk factors active
contraction of malaria; 2) describe risk factors based on demographics,
pre-trip advice, chemoprophylaxis, and trip details; and 3) evaluate

risk factors for presenting with or developing severe, cerebral, or fatal
disease. A retrospective, descriptive study of malaria presenting to The
Ottawa Hospital (TOH) and the Children’s Hospital of Eastern Ontario
(CHEO) from 1995 to 2004 was conducted. Subjects included all those
with laboratory-confirmed malaria. 72 adults and 34 children had smear-
confirmed malaria during the study period, most commonly Plasmodium
falciparum. 58.3% of adults and 79.4% of children were born in endemic
areas, residing in Canada for a mean of 5.2 years. 4 patients were foreign
visitors, and 30 newly arrived immigrants. Excluding these, 72 patients
were “returned travelers”, most commonly from Sub-Saharan Africa
(77.8% of patients.) The mean trip duration was 216.6 days. Visiting
friends and relatives (VFR) was the most common reason for travel (56.9%
of patients.) Of 68 travelers with available data, only 38.2% were on
appropriate chemoprophylaxis - 25.6% of 39 VFR's, 55.2% of 29 other
travelers. Among all 106 patients, 100 patients had symptom onset post-
arrival from a malarious area and 6 patients had symptom onset while in
a malarious area. 81.1% of patients presented with mild disease, 18.9%
with severe or cerebral malaria. 45.3% of patients had 1 physician visits
prior to a suspected diagnosis, leading to delays in obtaining studies (46.1
hours versus 4.2 hours [p=0.0019]) and initiating therapy (65.6 hours
versus 8.1 hours [p=0.0017].) 5 patients had adverse outcomes (1 death,
3 relapses, and 1 lost pregnancy.) In conclusion, we assessed 106 patients
with malaria over one decade. Most were travelers, over half of whom
traveled as VFR's. Patients presented with malaria across the spectrum of
severity, yet adverse outcomes were rare. Chemoprophylaxis is underused,
particularly amongst VFR travelers, suggesting a need for targeted
outreach of pre-travel programs. Delays are common in diagnosis and
treatment of malaria, suggesting a need for awareness programs.
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DECREASING MALARIA MORTALITY IN VALLE DEL CAUCA,
COLOMBIA

Lyda Osorio’, Beatriz Porras', Humberto Escobar?, Jaime Lépez?,
Patricia Bustamante?, Efrén Dionisio Herrera3, Freddy Cérdoba?,
Henry Agudelo?, Beatriz Olaya?, Luz Patricia Martinez®, Luisa
Rubiano?

'Centro Internacional de Entrenamiento e Investigaciones Médicas,

Cali, Colombia, ?Secretaria de Salud del Valle del Cauca, Cali, Colombia,
3Secretaria Municipal de Cali, Cali, Colombia, “Secretaria de Salud

de Buenaventura, Buenaventura, Colombia, *Unidad Ejecutora de
Saneamiento, Cali, Colombia

Malaria deaths should be exceptional in non-endemic areas and in
endemic countries that have achieved relative good standards of health
services. However, Valle del Cauca, one of the largest and developed
states in Colombia, reports persistently high numbers of deaths
attributable to malaria. The potential factors responsible for malaria deaths
were studied and interventions deployed. Baseline indicators for total
malaria deaths and lethality rates in the previous 5 years were generated
by searching all available sources of malaria-related information. A malaria
mortality response group was constituted to analyze each reported death
attributable to malaria in 2004 and 2005 and to generate an intervention
plan. Emphasis was given to follow-up the interventions. Death certificates
were identified as the most reliable source of information. From 2000 to
2004, 115 malaria-related deaths (lethality rate of 2.65/1000 cases) were
reported. In 2004, 21 deaths were reported, the majority (8) in residents
of the capital of the state which is malaria-free. A program was initiated
at the end of 2004 to reduce 50% malaria-related mortality in the

state. Travelers from non-endemic to endemic areas were targeted with
educational material (such as TV ads, and flyers at transport terminals)
aimed at preventing exposure to mosquitoes and to recognized malaria
symptoms and complications at an early stage. In 2005, a total of 13
malaria-related deaths (lethality rate 1.9/1000 cases) were reported (a
reduction of 38% in number of deaths with respect to 2004) and only one
case was in a resident of the capital of the state. The project will continue
in 2006 with the objective to further reduce 50% malaria mortality in
Valle del Cauca. In conclusion, Decreasing malaria mortality in Valle del
Cauca requires multistage interventions: improving surveillance and access
to health care, deploying interventions targeted to travellers to endemic
areas, and increasing awareness of malaria in health services in both
endemic and non-endemic areas.

USING HOUSEHOLD SURVEYS TO EVALUATE THE IMPACT
OF GLOBAL FUND ACTIVITIES ON MALARIA PREVENTION
PRACTICES IN VANUATU

Carol Medlin’, Carol Kolb?

'University of California San Francisco Global Health Sciences, San
Francisco, CA, United States, “University of California, Berkeley, Berkeley,
CA, United States

We propose a model for using household surveys to assess the impact of
Global Fund activities on prevention and bednet use as well as malaria
burden, and present the preliminary results of our baseline survey of
malaria prevention practices, including bednet use and ownership,
conducted on a subset of the 80+ islands which comprise Vanuatu. The
results of the baseline survey will be used as a guide for health officials in
identifying policy priorities regarding the roll out and distribution of the
LLNs over the next 2 years, in addition to laying the foundation for a mid-
term evaluation. Vanuatu is one of the few countries in the world that
has made the introduction and widespread distribution of LLNs (to replace
the country’s existing, and rapidly aging stock of insecticide-treated nets
(ITNs)), the centerpiece of their malaria control strategy. A questionnaire
collecting information on malaria knowledge, attitudes, and prevention
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practices, and including basic demographic and socio-economic
information, was administered to 921 households in 34 villages selected
using two-stage cluster sampling. Preliminary survey results indicate that
70% of the households surveyed own at least one net, and households
possess 2.2 nets on average. 28% of households have no net at all. Of
those households having at least one net, 50% have never retreated any
of their nets with insecticide, and 51% report that the oldest net in the
household still in use as a bednet is more than three years old. Household
size does not preduct net ownership, nor does the presence of children

< 5. However, SES was found to be predictive of net ownership. 44%

of respondents reported having slept under a bed net the night before,
compared to 59% who reported that they had not. 52% of women
reported sleeping under a net the night before compared to 39% of men).
Only 36% of smokers and 37% of drinkers reported net use the night
before, compared to 47% of non-smokers and 49% of non-drinkers. We
review policy implications of baseline results which serve to justify the
shift to long-lasting nets because retreatment rates are low, underscore
the need for replacing the existing stock of aging nets in Vanuatu, and
highlight the need for better targeting of poorer households and those
with children under the age of 5 years.

PARASITE CLEARANCE CURVES AND TIMES IN BLANTYRE,
MALAWI: EFFECT ON PATIENT OUTCOME AND EVOLUTION
OVER A NINETEEN YEAR TIME PERIOD

Kyle Minch’, Rachel Bronzan?, Karl Seydel?, Dan Milner?, Timothy
Mnalemba?, Terrie Taylor?

'Blantyre Malaria Project, Caledonia, IL, United States, ?Blantyre Malaria
Project, Blantyre, Malawi

We undertook a retrospective analysis of parasitemia for patients with
clinically defined cerebral malaria between 1986-2005 (n= 1368).
Peripheral parasite density was measured every six hours after the start of
treatment with intravenous quinine. By setting the parasitemia at time of
admission (T0O) at 100%, we were able to plot clearance curves. The initial
parasitemia did not have an effect on outcome. In 28% of patients, the
parasitemia actually increased over the TO level; this did not have an effect
on outcome either, however, of children with an increase over baseline
parasitemia at six hours, those who died had a higher mean increase
compared to those who survived (p=0.0065). No significant change in
parasite clearance time was detected over the nineteen year observation
period. Further examination of the relationship between initial parasitemia
and any subsequent increase may yield a useful prognostic tool to identify
patients who might benefit from more aggressive treatment. Our data
suggest that quinine sensitivity has not significantly changed in the past
19 years.

THE BURDEN OF MALARIA IN PREGNANCY IN SOUTH
AFRICA

Joyce M. Tsoka
Medical Research Council, Durban, South Africa

Malaria in pregnancy is associated with adverse effects such as anaemia,
low birth weight, prematurity, stillbirth, miscarriage and maternal death.
To prevent these effects, the World Health Organization recommends
implementation of intermittent preventive treatment and use of
insecticide-treated bednets for all pregnant women at risk of malaria. In
South Africa, information is required to provide a better understanding
of the burden of malaria in pregnancy, particularly in the malaria highest
risk province of KwaZulu-Natal. This information will further support
decisions on whether South Africa needs malaria preventive strategies
specific for pregnant women. A study was undertaken in KwaZulu-
Natal province during 2004 - 2005 to determine the burden of malaria
in pregnancy and the effects of malaria on birth outcomes. Data was
collected from pregnant women attending antenatal care at 3 health
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facilities and included demographic details, current and previous malaria
status, haemoglobin level, HIV status, use of insecticide-treated bednets
and birth outcomes. Of the 1395 enrolled pregnant women, more than

a quarter were teenagers, three quarters attended antenatal care clinic
early. Both the prevalence and incidence of malaria were less than 1.5%.
The prevalence of anaemia and HIV were high. The fact that the majority
of the women attended antenatal care clinic early could be beneficial

for implementation of interventions aimed at improving pregnancy
outcomes. The low prevalence and incidence of malaria suggest that: 1)
anaemia is not due to malaria, but some other factor which needs further
investigation; 2) the available malaria control measures aimed at the
general population are beneficial for pregnant women; and 3) the findings
provide no basis to recommend prevention measures specific for malaria in
pregnancy in Kwazulu-Natal province and South Africa.

MALARIA INFECTION AND MORTALITY IN CHILDREN IN
RURAL NORTHERN GHANA

Francis Anto', Abraham Hodgson', Frank Atuguba', Kojo
Koram?, Martin Adjuik’, Nathan Mensah', Abraham Oduro',
Francis Nkrumah?, Stephen L. Hoffman?, David J. Fryauff

'Navrongo Health Research Centre, Navrongo, Ghana, ?Noguchi Memorial
Institute for Medical Research, University of Ghana, Legon, Accra, Ghana,
3Sanaria, Gaithersburg, MD, United States, “Naval Medical Research
Center, Silver Spring, MDD, United States

Prevalence surveys were carried out in the Kassena-Nankana district

(KND) of northern Ghana at the end of the high (November) and low
(May) malaria transmission seasons of 2001 and 2002 to document the
age specific malaria infection, fever, haemoglobin levels and bednet use.
The Navrongo Demographic Surveillance System (NDSS) was used in the
random selection of forty compounds (indexed compounds) which formed
the nuclei about which clusters were formed. Individuals were radially
recruited about the indexed compounds into the study until a minimum
number (5) per age group was enrolled per cluster per season. The age
groups were: under 1 year, 1-4 years, 5-9 years, 10-19 years, 20-39 years
and 40 years and above. A total of 6,991 people aged 1 month to 89
years were sampled. Among the sampled population were 1,929 (27.6%)
children under five years of age. Data collected on the under five-year-old
children were linked with data on malaria specific mortality in children

<5 years from the NDSS to establish the relationship between malaria
infection and mortality. Malaria infections were due mainly to Plasmodium
falciparum (94%). The prevalence of infections (<5years) were highest
(p<0.001) and seasonal (dry=37.7%; wet 72.2%, p<0.001) in the rural
non-irrigated areas; with no seasonality in the rural irrigated (dry=41.3%,
wet 55.4%, p>0.05) and central more urbanized (dry=22.6%; wet
34.3%, p>0.05) areas. There was an association between severe anemia
(Hb<6.0g/dl) and malaria infection (p=0.002). Similarly, there was a strong
association between fever (axillary temperature > 37.5 oC) and malaria
infection (p<0.001). All cause mortality in children <5 years in the KND
was 294.5/1000 live births out of which malaria specific mortality was
44.9/1000 live births. All cause mortality in rural non-irrigated areas was
higher (mortality = 310.4/1000 live births [Cl: 297.3-324.1]) than in rural
irrigated areas (mortality = 227.4/1000 live births [Cl: 195.5-263]). Malaria
specific mortality was also higher in rural non-irrigated areas (mortality =
48.4/1000 live births [Cl: 43.4-54.0]) than in rural irrigated areas (mortality
= 26.6/1000 live births [Cl: 16.3-40.0]). High malaria infections may
contribute significantly to malaria mortalities in rural communities.
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INTERLEUKIN-23 AND INTERLEUKIN-12 CYTOKINE PATTERNS
DURING MALARIAL ANEMIA IN YOUNG KENYAN CHILDREN
NATURALLY EXPOSED TO FALCIPARUM MALARIA

John Michael Ong’echa’, James B. Hittner?, Tom Were', Collins
Ouma’, Richard O. Otieno', Christopher C. Keller?, John M.
Vulule*, Douglas J. Perkins?

"University of Pittsburgh/KEMRI Laboratories of Parasitic and Viral Diseases,
Kisumu, Kenya, Department of Psychology, College of Charleston,
Charleston, SC, United States, 3University of Pittsburgh Graduate School
of Public Health, Department of Infectious Diseases and Microbiology,
Pittsburgh, PA, United States, “Kenya Medlcal Research Institute, Kisumu,
Kenya

Severe malarial anemia (SMA) in African children is characterized by

an imbalance in pro- and anti-inflammatory cytokine production.

We have recently shown that immunoprotective responses, such as
interleukin (IL)-12 production, are suppressed in children with SMA,

due to parasite-induced over-production of IL-10. Although the role

of IL-23, a newly discovered pro-inflammatory cytokine, in mediating

the immunopathogenesis of SMA has not been reported, altered

levels of IL-23 are associated with chronic inflammatory anemia. IL-23
shares similarities with IL-12, including a common p40 subunit and
suppression by IL-10. IL-23 is also suppressed by IL-12. To further define
the pathogenesis of SMA, we investigated interactions between IL-10,
IL-12, and IL-23 in Kenyan children (n=69; aged <36 months) from a
holoendemic Plasmodium falciparum transmission area of western Kenya.
These investigations revealed that IL-23 and IL-10 levels were elevated in
children with SMA (Hb less than 6.0 g/dL) relative to gender- and age-
matched aparasitemic healthy controls (Hb greater than 11.0 g/dL, P=0.09
and P<0.001, respectively), while circulating IL-12 levels were suppressed
in children with SMA relative to the HC group (P<0.01). Although IL-23
levels were not significantly associated with either Hb levels or parasitemia,
IL-10 levels were inversely correlated with Hb levels (r=-0.418; P<0.001)
and positively associated with parasitemia (r=0.437; P=0.002). IL-12 levels
were positively correlated with Hb levels (r=0.278; P=0.022) and inversely
associated with parasitemia (r=-0.329; P=0.024). Furthermore, although
the IL-12/IL-23 ratio was positively correlated with Hb (r=0.228, P=0.08)
and inversely associated with parasitemia (r=-0.330, P=0.031), IL-23 and
IL-12 were inversely correlated (r=-0.233, P=0.056). Taken together, these
results suggest that IL-12 and IL-23 have distinct patterns of expression in
children with SMA. Additional studies examining the downstream effector
functions of IL-12 and IL-23 may offer insight into the roles of these
cytokines in the pathogenesis of SMA.

EVALUATION OF HOST HUMORAL ANTIBODY MECHANISMS
AGAINST PLASMODIUM FALCIPARUM RECOMBINANT
CIRCUMSPOROZOITE ANTIGEN IN NIGERIAN CHILDREN

Olalubi A. O.", Akanbi O?, Anumudu C.2, and Nwagwu M?

'Institute for Advanced Medical Research and Training, College of
Medicine, Ibadan, Nigeria, Cellular Parasitology, Zoology Dept, University
of Ibadan, Ibadan, Nigeria

Facing the challenge of controlling the malaria vector (the mosquito),

and parasite resistance, a malaria vaccine suitable for young children and
women of child bearing age offers an ideal solution. Efforts in this study
were devoted to evaluate the reactivity of IgG and its subclasses in the test
serum specific to circumsporozoite protein. Twenty-five serum samples
(>10,000 parasites/ul of blood) were collected from malaria-infected
children at the General-Outpatient clinic, University College Hospital,
Ibadan during the transmission season. Samples were analyzed using two
different ELISA. The assays were done in triplates. The mean absorbance
values of IgG subclasses reactive against Plasmodium falciparum

circumsporozoite protein appeared to be age dependent and ranged
from 0.01 for IgG 4 in elder patients to 0.98 for IgG 3 in youngsters. The
study also demonstrated that babies <6 month had a certain proportion
of 1gG subclasses with IgG 3 been the highest. The twenty-five subjects
investigated in this study had significantly higher mean IgG 1 and IgG

3 than the uninfected controls. This follows the order IgG 3>IgG 1>IgG
2>lgG 4 which confirmed the prevalence of the cytophilic antibodies
(IgG 1 and IgG 3) over the non-cytophilic subclasses (IgG 2 and 4).There
was low production of IgG 4 and IgG 2 level in 35% of the subjects. A
particular 4 month old subject was at borderline to IgG 4 with a cut-off
value of 0.03. IgG was also detected in the North American serum (NAS)
which served as negative control for CSP-specific IgG subclasses, although
NAS titre was lower than each of the malaria subjects in Nigeria, except
its IgG2 that was higher (0.16) than other subclasses. Age-dependent
variations suggest that acquired immunity could play a significant role in
the overall protection from malaria infections. Findings from this study
revealed that IgG3 and IgG1 were the most prevalent co-expressed
subclasses in 65% of the malaria infected children and could play a
potential role as valuable target of the CSP vaccine development.

(ACMCIP Abstract)

DIVERSITY OF TLR SNPS IN MALARIA ENDEMIC AREAS

Jennifer Greene, Christopher Yohn, Ann Moormann, Peter
Zimmerman, James Kazura

Case Western Reserve University, Cleveland, OH, United States

Toll-Like Receptors (TLRs) are components of the innate immune

system that recognize molecular patterns associated with invading
microorganisms. TLR Single Nucleotide Polymorphisms (SNPs) may result
in differential responsiveness to microbial TLR ligands, and thereby result
in within-population variability in susceptibility to infectious diseases.

Our hypothesis is that exposure to infectious pathogens introduces
selective pressure on the human genome that results in genetic diversity
of TLRs. TLRs 2, 4, and 9 are activated by glycosylphosphatidylinositol

and hemozoin ligands produced by the malaria parasite Plasmodium
falciparum. We examined the frequency of the four most common TLR9
SNPs in human populations from three areas with differing malaria
transmission levels- high transmission holoendemic areas of Papua New
Guinea and lowland Western Kenya and a low transmission and unstable
transmission of highland Kenya. Preliminary data analysis indicates that
there are no differences in TLR9 polymorphisms between the high and
low transmission study sites in Kenya, and TLR9 polymorphism in these
ethnicities is similar to that of European populations with no recent history
of malaria exposure. In contrast, less polymorphism exists in the TLR9 gene
of Papua New Guineans compared to Kenyans. These results indicate that
malaria transmission is not associated with the distinct patterns of the
TLR9 SNPs examined here. Future analyses will include characterization

of TLR2 and TLR4 polymorphism, and estimating the level of TLR genetic
diversity within and between these populations.

(ACMCIP Abstract)

THE ROLE OF BIR GENES IN RODENT IMMUNITY TO
PLASMODIUM BERGHEI NK65

Julia K. Fisher', Kaori Kumazaki?, Hidde L. Ploegh?, Michael N.
Starnbach?, Dyann F. Wirth'

"Harvard School of Public Health, Boston, MA, United States, ?Harvard
Medical School, Boston, MA, United States

Understanding the development of immunity to malaria in the rodent and
the mechanisms employed by the parasite to evade the immune system
will lead to new approaches to fight malaria in humans. One understudied
family of potential variant antigens in Plasmodium berghei is the bir gene
family. A multi-copy family of subtelomeric genes, the bir genes belong
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to the larger group of homologous antigens known as Plasmodium
interspersed repeats (pir). bir homologues have been identified in

many malaria species, including P, vivax, P knowlesi, P chabaudi, and

P yoelii. We set out to examine the effect of immune pressure on bir
gene repertoire. In an immune model, mice are infected I.P. with 1x106
P berghei NK65-infected red blood cells (iRBCs) and drug cured with a
regimen of chloroquine starting when parasitemia reaches 2-3%. Mice
are challenged with 1x10° iRBCs at least 40 days after clearance of the
initial infection. We are in the process of identifying changes in bir gene
expression between parasites used for immunization, those used for
subsequent challenge, and those able to escape immunity. Analysis of bir
gene expression was performed by both RT-PCR using conserved primers
and hybridization of cDNA to specific bir genes on a blot. We observe at
least one bir gene expressed in all parasites examined, and multiple bir
genes are expressed in each parasite population.

(ACMCIP Abstract)

CYTOKINE-ASSOCIATED NECROBIOSIS AMONG
PLASMODIUM FALCIPARUM INFECTED CHILDREN UNDER
THE AGE OF SIX

Virginia S. Baker', Godwin Imade?, Norman Molta3, Sunday
Pam?, Michael Obadofin?, Soloman Sagay?, Daniel Egah?, Daniel
lya?, Bangmboye Afolabi?, Murray Baker®, Karen Ford®, Robert
Ford®, Kenneth Roux', Thomas Keller’

'Florida State University, Tallahassee, FL, United States, ?Jos University
Teaching Hospital and Medical School, Jos, Nigeria, 3Jos University, Jos,
Nigeria, *Nigerian Institute of Medical Research, Lagos, Nigeria, *World
Health Mission, Pittsburgh, PA, United States

Relating distinct erythrocyte and leukocyte disorders to circulating cytokine
levels may elucidate the role the immune system plays in falciparum
malaria pathology in young children. In this investigation, blood samples
from 21 Nigerian children under six years old diagnosed with clinically-
uncomplicated falciparum malaria were obtained before and 7 days after
treatment with sulfadoxine-pyrimethamine (SP). Abnormal blood cells
were found in all 21 pretreatment samples, revealing an unexpected
neutrophil necrobiotic activity in a leukemoid reaction, which correlated
with specific cytokine levels. This study explores the relationships of
plasma cytokine levels with erythrocyte aggregation and apoptosis-like
vacuolation (eryptosis), which may cause anemia directly during chronic
falciparum exposure, and with leukocyte necrobiosis, which may suppress
lymphocyte activity or induce production of antibodies that might cause
an autoimmune response that contributes to malaria pathogenesis or that
might provide immunoprotection against the parasites. When humoral
and/or cell mediated immune responses are compromised by the low levels
of IL-2 found, neutrophil necrobiosis and circulating fibrinoid aggregates
may stimulate an autoimmune response to molecular patterns, which

may over time provide an alternative mechanism of protection against the
parasite. The high levels of IL-10 and CRP found with necrobiotic activity
suggest a mechanism by which these cytokines modulate the immune
response to necrobiotic activity to suppress its effects. On the other hand,
the high levels of TNFo suggest that inflammation caused by necrobiotic
leukocyte release of intracellular contents may stimulate adjuvant activity
of released self-DNA contributing to an autoimmune leukemoid reaction
similar to that found in systemic lupus erythematosus production of anti-
nuclear antibodies (ANA), or the production of anti-neutrophil cytoplasmic
antibodies (ANCA). Necrobiotic activity may determine maintenance of
homeostasis, generation of induced pathology, or a protective mechanism
as yet undiscovered.

(ACMCIP Abstract)

IFN-T" IS NECESSARY FOR THE SUPPRESSION OF
PLASMODIUM YOELII 17XL MALARIA IN MEROZOITE
SURFACE PROTEIN-8 IMMUNIZED BALB/C MICE

Patricia M. Petritus, Qifang Shi, James M. Burns
Drexel University College of Medicine, Philadelphia, PA, United States

C57BL/6 and BALB/c mice have been effectively used to evaluate polarized
Th1 and Th2 immune responses induced by protein immunization and/

or infection with a variety of pathogens. Previously, we reported that
BALB/c mice could be protected against lethal Plasmodium yoelii 17XL
malaria by prior immunization with recombinant PyMSP-8, a 46 kDa
glycosylphosphatidylinositol anchored merozoite surface protein. To better
understand PyMSP-8 dependent protection, we compared the response
of BALB/c and C57BL/6 mice to immunization with rPyMSP-8 and to
subsequent challenge with P yoelii 17XL. Analysis of prechallenge sera
revealed high and comparable levels of PyMSP-8-specific IgG in these

two strains of mice. The isotype profiles of vaccine-induced antibodies
showed that BALB/c mice produced significantly more PyMSP-8-specific
IgG1 relative to C57BL/6 mice and a somewhat greater proportion of
PyMSP-8-specific antibodies that recognized conformational epitopes.
Upon challenge, PYMSP-8 immunized BALB/c mice were protected against
lethal P yoelii 17XL malaria while parasitemia in PyMSP-8 immunized
C57BL/6 mice was not significantly different than in control animals.
These data suggest that PyMSP-8 induced protection correlates with a
Th2 and IgG1 biased immune response. To investigate this association
further, sera from PyMSP-8 immunized BALB/c and C57BL/6 mice were
tested in a set of passive protection assays. In contrast to the active
immunization data, passive transfer of both sets of immune sera to

naive mice significantly delayed the onset of parasitemia in P yoelii 17XL
challenged mice. In addition, we observed that PyMSP-8 immunized IL-4-
/- knock-out mice were still protected against P yoelii 17XL malaria despite
an impaired Th2 response and a dramatic reduction in IgG1 production.
Surprisingly, PyMSP-8 immunized IFN-y-/- knock-out mice, which exhibited
an enhanced production of PyMSP-8-specific IgG1 antibodies succumbed
to P yoelii 17XL malaria during the second week of infection. We then
analyzed serum IFN-y levels and splenic [FN-y mRNA levels in PyMSP-8
immunized mice challenged with P yoelii 17XL. Throughout the course of
infection, BALB/c mice produced a greater amount of IFN-y than C57BL/6
mice. Combined, these data indicate that in addition to PyMSP8-specific
antibodies, infection-induced IFN-y is necessary for the complete control of
P, yoelii 17XL parasitemia in PyMSP-8 immunized mice.

(ACMCIP Abstract)

REVISITING THE INTERACTION OF DENDRITIC CELLS WITH
MALARIA BLOOD STAGE PARASITES

Kosol Yongvanitchit, Anneke J. Engering, Utaiwan Kum-Arb,
Amporn Limsalakpetch, Mark M. Fukuda, Sathit Pichyangkul

US Army Medical Component - Armed Forces Research Institute of the
Medical Sciences, Bangkok, Thailand

More than a century since Alphonse Laveran first discovered malaria
parasites in the blood of an infected patient, the host immune response
against malaria remains poorly understood. Epidemiological data suggest
that malaria-specific immune responses develop slowly with short
duration. Several studies in recent years have focused on the interaction
of blood stage parasites with antigen-presenting dendritic cells (DCs).
Overall, the data from these investigations are conflicting. While some
investigators reported that blood stage parasites suppressed DC functions,
other investigators demonstrated activation of DCs. This prompted us

to reinvestigate the interaction of Plasmodium falciparum blood stage
parasites with DCs. Our results demonstrated that both schizont lysate
and purified hemozoin poorly induced human monocyte-derived DC
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(Mo-DC) and peripheral blood CD11c* DC maturation as monitored by
up-regulation of co-stimulatory molecule expression. In contrast to human
DC responses, mouse bone marrow CD11c*B220-DCs were significantly
activated by schizont lysate as indicated by up-regulation of co-stimulatory
molecule expression and IL-12p40 production. Purified hemozoin had

no effect on mouse bone marrow CD11c*B220 DCs. The difference in
responses of DCs derived from human and mice against P. falciparum
blood stage products are of considerable interest and may depend on the
differential expression of TLRs, especially TLR9. Our results suggest that
unlike mouse CD11c*B220- DCs, human myeloid DCs are poorly activated
by P falciparum blood stage parasites and this may explain poor anti-
malaria immune responses observed in infected individuals.

MALARIA EXACERBATES MYCOBACTERIAL INFECTION IN
VITRO AND IN VIVO

Maryanne Crockett', Xiaoming Li', Angelina Diassiti’, Jun Liu’,
Kevin C. Kain?

'University of Toronto, Toronto, ON, Canada, ?McLaughlin-Rotman Centre
for Global Health, University Health Network, Toronto, ON, Canada

Malaria and tuberculosis (TB) are both intracellular pathogens which cause
significant morbidity and mortality on a global scale. In the geographic
areas co-endemic for the two diseases, co-infection with malaria and TB
is likely to be common. Host immune responses to Plasmodium may be
modulated by concurrent mycobacterial infections. The macrophage (ma)
is an effector target for both TB and malaria. We hypothesise that malaria
may increase intracellular mycobacterial replication and accelerate the
clinical course of infection in vivo. Using a murine macrophage cell line
(RAW 264.7) with Mycobacterium marinum and Plasmodium falciparum as
an in vitro model of malaria-mycobacterium interaction, we demonstrate
that the growth of M. marinum was significantly greater (p<0.05) in mos
exposed to P falciparum-infected erythrocytes than in mes infected with
M. marinum alone. Subsequently, we used a well-characterised murine
malaria model to study the effects of malaria and mycobacterium co-
infection in vivo. C57BL/6 mice were infected with Mycobacterium bovis
BCG and Plasmodium chabaudi chabaudi AS. The animals were sacrificed
at various times and their organs were harvested for histologic evaluation
and quantitative assessment of mycobacterial growth. Cytokine profiles
were obtained for TGF-B, IFN-y and TNF-o., using mouse sera in sandwich
ELISA. Mice co-infected with M. bovis BCG and P chabaudi had higher
mycobacterium loads in their spleens (p=0.04), livers (p=0.02) and lungs
(p<<0.05), compared to mice infected with M. bovis BCG alone. Studies
currently underway aim to elucidate the mechanism(s) underlying the loss
of control of mycobacterial infection in the presence of malaria.

(ACMCIP Abstract)

NEW PLASMODIUM VIVAX GENOTYPES IN THE NORTH
COAST OF PERU

César V. Munayco', Christian Ganoza?, Luis Suarez-Ognio',
Robert Gilman?3, Maritza Calderén*, César Jeri*, Viviana Pinedo?,
Joseph Vinetz?

'General Direction of Epidemiology, Lima, Peru, ?Division of Infectious
Diseases, Department of Medicine, University of California San Diego
School of Medicine, La Jolla, CA, United States, 3Johns Hopkins Bloomberg
School of Public Health, Baltimore, MD, United States, “Universidad
Peruana Cayetano Heredia, Lima, Peru

Piura, in the north coast of Peru, is endemic area for Plasmodium vivax
malaria. Malaria is sporadic and prone to epidemics in Piura, in contrast to
an endemic pattern of transmission in the Peruvian Amazon. Different P
vivax strains with different antigenic characteristics might be responsible
for vivax malaria in the two regions. The objective of this study was to
compare Plasmodium vivax genotypes from the north coast of Peru to
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those in the Iquitos Amazon region of Peru. 71 febrile subjects were
enrolled in two health posts with high malaria endemicity in Piura from
12/04 to 01/06. Thick smear was used for case detection. Genotyping was
performed using PCR for tandem repeat polymorphism markers and PCR-
RFLP of PvMSP-3a using Hhal and Alul digests. Phylogenetic multilocus
sequence typing analysis was performed using Start2 to generate a
neighbor-joining tree from allelic profile data. Of 71 febriles, 27 were
positive for P vivax by light microscopy. 41% of the smear-positives were
rice farmers or merchants (7%); 22% of the smear-positive cases had had
one episode of malaria in the previous year. Of 12 strains analyzed, 11
were distinguishable by a combination of Tandem Repeat Polymorphisms
and PvMSP-3a. These strains clustered separately from 24 strains
previously obtained from a village in the Peruvian Amazon as determined
by neighbor-joining phylogenetic tree analysis. In conclusion, the P vivax
genotypes found in Piura differ from those found in the Amazon region of
Iquitos. The difference in genotypes may indicate differences in antigenic
types in the two regions. Further studies are needed to determine
whether different genotypes found by PvMSP-3a and the Tandem Repeat
Polymorphic markers correspond to allelic differences in malaria vaccine
candidates.

INVESTIGATING THE FUNCTION OF MAEBL IN THE INVASION
OF SALIVARY GLANDS

Fabian E. Saenz, Bharath Balu, John H. Adams
University of Notre Dame, Notre Dame, IN, United States

Plasmodium falciparum is the malaria parasite responsible for the majority
of fatalities, causing at least 2 million deaths each year. An essential step
for the transmission of the disease is the passage through the Anopheles
mosquito. In fact, the Plasmodium sporozoites have to invade the salivary
glands of the mosquito in a process in which parasite ligands are involved
through the recognition of specific host receptors. One of the proteins
considered essential for the invasion of salivary glands is MAEBL, which

is a conserved protein expressed abundantly in midgut sporozoites. The
precise molecular form of the mature MAEBL protein in invasive midgut
sporozoites is not known, since MAEBL is proteolitically processed and
different potential isoforms are formed by alternative splicing of the 3’
end. In order to understand the function of P falciparum (NF54) MAEBL in
the sporozoite invasion of salivary glands, we created a series of constructs
by allelic replacement of the 3’ end. The transfected parasites express only
one of the two main molecular forms of MAEBL. The characterization

of the transfected parasites will be presented. The understanding of

the biological function of MAEBL in invasion of salivary glands will help
validate the use of MAEBL as a target for vector-based strategies for
transmission blocking.

(ACMCIP Abstract)

EXPRESSION OF THE 19-KDA C-TERMINAL PORTION OF
PLASMODIUM FALCIPARUM MSP1 WITH AND WITHOUT GPI
ANCHOR SIGNAL SEQUENCE IN MAMMALIAN CELLS AND
EVALUATION OF THEIR IMMUNOGENICITY

Guangfu Li, Suresh H Basagoudanavar, D. Channe Gowda
Penn State University College of Medicine, Hershey, PA, United States

Malaria caused by Plasmodium falciparum is a major global public

health problem and causes millions of death yearly. A safe and effective
vaccine is essential for combating malaria. Among candidate antigens

of P falciparum that have been studied, the merozoite surface protein 1
(MSP-1), especially its metabolically processed 19-kDa portion (MSP-119),
is of particular interest. In vitro studies showed that mouse antibodies
against the cysteine rich EGF-domains of MSP-119 inhibit P falciparum
merozoite invasion of erythrocytes. In falciparum-Aotus model, protection
has been achieved by immunizing with complete Freund's adjuvant,
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but immunization with other adjuvant formulations gave no protection.

In a recent clinical trial in humans, MSP-119 adsorbed onto alum was

only moderately immunogenic and showed low antibody and T cell
responses. These studies suggested antibody titer and its subtypes play an
important role in the protective immunity against malaria. In this study, we
constructed two expression plasmids that encode the carboxyl terminal
MSP-119 from the P falciparum 3D7 strain with and without the GPI
anchor signal sequence. The polypeptides were expressed in HEK-293
cells. Immunofluorescence analysis demonstrated that the polypeptide
produced from the plasmid containing MSP-119 without GPI anchor signal
sequence was localized intracellularly, whereas, the polypeptide produced
from the plasmid with GPI anchor signal was predominantly expressed

on the cell surface. Metabolic labeling of cells with [*H]glucosamine and
analysis of radiolabeled MSP-119 by SDS-PAGE/fluorography and Western
blotting confirmed the presence of GPI anchor in the cell surface expressed
MSP-119, and that lack of GPI moiety in MSP-119 expressed intracellularly.
Immunization of mice with cDNA from the two plasmids elicited MSP-119-
specific IgGs in both cases, but without significant difference in antibody
titer. We are currently analyzing the antibody isotypes.

(ACMCIP Abstract)

REGULATION OF GENE EXPRESSION IN THE MALARIA
PARASITE PLASMODIUM FALCIPARUM BY THE HISTONE
ACETYLTRANSFERASE PFGCN5

Long Cui', Jun Miao', Tetsuya Furuya?, Xinyi Li', Xin-zhuan Su?,
Liwang Cui'

"The Pennsylvania State University, University Park, PA, United States,
?National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, MD, United States

Histone acetylation is an important epigenetic mark that plays a major
role in transcription regulation. The dynamics of histone acetylation is
regulated by the opposing actions of histone acetyltransferases and
histone deacetylases. In the malaria parasite Plasmodium falciparum,

the GNAT (GCN5-related N-acetyltransferase) family member, PFGCNS5,
preferentially acetylates histone H3 at K9 and K14. Here we applied
chromatin immunoprecipitation and DNA microarray to map the global
distribution of histone H3-K9 acetylation and PfGCNS5 in the P falciparum
genome. We have demonstrated that H3K9 acetylation was distributed
on all 14 chromosomes and it was highly correlated with the distribution
of PFGCNS5. Further mapping of selected genes indicated that the
acetylation was located in the promoter region. Also, this low-resolution
mapping suggests a weak correlation with gene expression, suggesting
that PFGCNS5 is recruited to the promoters of genes and regulates gene
expression in the malaria parasites.

(ACMCIP Abstract)

THE PLASMODIUM SES PROTEIN EXHIBITS A SPIRAL
LABELING PATTERN ON THE SPOROZOITE SURFACE AND
APPEARS TO PLAY A ROLE IN MOSQUITO SALIVARY GLAND
INVASION

Alexis N. LaCrue, Michael Kariuki, Roy J. Lowery, Brenda T.
Beerntsen

University of Missouri-Columbia, Columbia, MO, United States

The Plasmodium sporozoite has dual infectivity for mosquito salivary
glands and vertebrate host tissues. Although it is a key developmental
stage of the malaria parasite, relatively few sporozoite surface proteins
or secreted proteins have been identified and characterized. The recently
characterized Sporozoite and Erythrocytic Stage (SES) protein is expressed
in both the erythrocytic stage parasites and on the sporozoite surface.

In P gallinaceum, the SES protein (PgSES) is 63.2 kDa and has three
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conserved regions of unknown function that are present in seven other
Plasmodium spp. representing human, non-human primate, and rodent
malarias. PgSES is preferentially expressed in salivary gland sporozoites
versus hemolymph and oocyst sporozoites. Interestingly, the PgSES protein
exhibits a spiral surface labeling pattern on the sporozoite and overlays a
known surface antigen, the circumsporozoite protein, with only minor co-
localization. Studies assessing the role of PgSES in sporozoite invasion of
mosquito salivary glands have shown that anti-PgSES antibodies injected
intrathoracically into parasite-infected Aedes aegypti mosquitoes block
sporozoite invasion by 49-61% when compared to controls. Currently,
additional studies assessing the function of both PgSES and PfSES in the
sporozoite and erythrocytic stages are being conducted.

CONTROL OF COCCIDIOSIS IN POULTRY WITH LIVE VACCINES
AS A MODEL FOR THE CONTROL OF MALARIA

Eng-Hong Lee
Vetech Laboratories Inc., Guelph, ON, Canada

Coccidiosis is a common protozoan disease of commercial chickens and
turkeys. This disease has been well controlled for over five decades with
anticoccidial drugs but with declining efficacy because of the emergence
of drug resistance against existing drugs and with no new drugs on

the horizon. However, with the introduction of the concept of uniform
exposure, several live vaccines of multiple Eimeria spp have also been used
successfully for the past 2 decades on at least 10 billion commercial birds.
These live vaccines do not merely complement the use of medications
but can also be used synergistically in the control of coccidiosis. They may
also serve as useful tips for the control of malaria a disease caused by
fellow Apicomplexan parasites of coccidia. 1. Comparable performance
between vaccine and medication allows the rotating or selective use of
either vaccine or medication. 2. Drug sensitive vaccine strains can be used
to salvage drug resistant anticoccidials (or antimalarials in malaria) by the
displacement of field strains, as reported previously 3. Use of vaccine first
followed with a brief period or medication to mitigate possible vaccine
reaction, as reported previously, can be a synergistic use of vaccine and
medication. 4. Like malaria, there is no cross-species or cross-strain
protection observed in coccidiosis. 5. Strangely, 3 or 4 more commonly
used commercial vaccines containing 4 to 7 species of Eimeria spp can be
used in rotation and perform equally well with vaccines containing fewer
species. 6. Antigenic gene transfer from a pathogenic species (or strains)
into a less pathogenic Eimeria spp, as reported previously, may be used to
reduce the number of species or strains required in vaccines. 7. To date,
no dead vaccines have been shown to successfully control coccidiosis in
commercial poultry.

(ACMCIP Abstract)

VALIDATION OF ASSAYS RELEVANT TO IMMUNOGENICITY
ASSESSMENT OF CSP-DNA VACCINE IN GHANA

Daniel Dodoo", Kwadwo A. Kusi', Kwadwo A. Koram', Francis

K. Nkrumah', Ben A. Gyan', William O. Rogers?, Bartholomew D.
Akanmori', Gregory Raczniak?, Abdullah Naficy*, Thomas Richie®,
Martha Sedegah®

'Noguchi Memorial Institute, University of Ghana, Accra, Ghana, *Naval
Medical Research Unit 2, Jakarta, Indonesia, *Naval Medlical Research
Unit 3, Cairo, Egypt, “National Institute of Allergy and Infectious Diseases,
Bethesda, MD, United States, *Naval Medical Research Centre, Silver
Spring, MD, United States

Malaria is one of the most significant public health problems in developing
countries and is argued to be a major indirect cause of poverty. The
emergence of multiple drug-resistant parasites and insecticide-resistant
mosquitoes has shifted focus to the development of an anti-malaria
vaccine. Such a vaccine may include multiple-antigens from the pre-
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erythrocytic, erythrocytic and gametocytic stages of the parasite for
complete immunity. A phase 1 CSP-DNA vaccine trial is planned in Ghana,
in collaboration with the Naval Medical Research Center and the National
Institute of Allergy and Infectious Diseases of the National Institutes of
Health. The immunization strategy involves first priming with CSP-DNA
vaccine and then boosting with a MVA-recombinant vaccine to enhance
both T-cell and antibody responses. To validate standardized ELISPOT,
ELISA and IFA assays, a baseline study was done using PBMC and plasma
samples from 40 malaria exposed Ghanaians and 5 non-exposed US
volunteers. The data indicated that both the magnitude and responder
proportions to overlapping CSP vaccine peptide antigens were higher in
the Ghanaians compared to the US volunteers. In the ELISPOT assay, we
considered a response positive if the number of spots in PBMC incubated
with the PfCSP peptide pool was (1) statistically significantly greater

than the response to medium alone (2) two-fold higher and (3) at least
25 greater than the medium control in absolute SFC count. Using this
criteria, fourteen of 40 Ghanaians responded to 1 or more CSP peptide
pools whilst none of the non-exposed US volunteers did. ELISA Antibody
titres to recombinant CSP at OD,, ranged from 160 to 3000, whilst that
in the US volunteers were less that 50, clearly indicating higher anti-CSP
responses in the Ghanaians. IFA titres to sporozoite were also higher in
the Ghanaians (ranging from <10 to 640, mean titre >80) compared to
the non-exposed US volunteers (mean titre<10). The study has allowed
us to develop algorithms for assessment of the proportion as well as
magnitude of antigen induced interferon vy responses by ELISPOT and
anti-CSP antibody responses by ELISA. This is a critical component of
immunogenicity evaluation in the upcoming phase-1 CSP-DNA vaccine
trial as well as subsequent vaccine trials in Ghana.

MOUSE POTENCY ASSAYS FOR MEASURING RECOMBINANT
PROTEIN VACCINE STABILITY

Chloe L. Wood, Sally Robinson, Lisa Ware, V. Ann Stewart,
Evelina Angov

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

Potency testing is done on GMP batches of purified, lyophilized
recombinant protein malaria vaccines to ensure both the longevity of the
vaccine in the vial, and to quantify any lot-to-lot variation. To measure
potency, groups of 10 mice are injected with vaccines formulated in
adjuvants intended for human use, at a range of antigen doses. Serologic
responses are measured by a standardized ELISA. The dose group is chosen
in which approximately half of the animals meet a statistically defined
criterion of seroconversion. This dose, plus the next highest and next
lowest dose group, are repeated quarterly for the first year, and annually
thereafter. Each vaccine formulation has been found to require individual
dose optimization to choose the best three dose groups to follow over
time. Although the ELISA itself has been increasingly standardized, the
statistical approach to defining serconversion has reduced the impact

of inevitable variation over time in the assay itself. This strategy, in
conjunction with physiochemical characterization, has enabled us to
demonstrate a long shelf-life for our candidate malaria vaccine products.

USE OF ADENOVECTOR ARRAYS FOR HIGH THROUGHPUT
SCREENING OF NOVEL MALARIA ANTIGENS FROM GENOMIC
SEQUENCE DATA

Martha Sedegah’, Kritika Kachapati?, Svetlana Konovalova?,
Maria Belmonte’, Arnel Belmonte!, Glenna Banania’, Noelle B.
Patterson’, Richter C. King?, Joao C. Aguiar’, Walter R. Weiss',
Thomas L. Richie’, Joseph T. Bruder?, Denise L. Doolan'

'Naval Medical Research Center, Silver Spring, MD, United States, 2GenVec
Inc., Gaithersburg, MD, United States

We have evaluated the potential of arrays of adenovirus vectors for the
identification of novel malaria vaccine candidates from genomic sequence
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data. In the BALB/c Plasmodium yoelii (Py) mouse model, immunization
with irradiated sporozoites or with unirradiated sporozoites followed with
drug treatment confers robust protective immunity against sporozoite
challenge. We and others believe that this immunity is mediated by T cell
responses to multiple pre-erythrocytic stage antigens, including the well
characterized antigens such as PyCSP and PyHep17, as well as, /as yet
unknown antigens that are expressed in the sporozoite and liver stages of
parasite development. We hypothesized that these novel antigens can be
identified by an in vitro immune screening system and when identified,
could represent potent pre-erythrocytic stage vaccine candidates. In our
initial studies, we transduced A20/2] cells with adenovectors expressing
PyCSP and used these as APCs in an IFN y ELISpot assay, with splenocytes
from mice immunized with P. yoelii CSP plasmid DNA or P. yoelii
sporozoites as effectors. Strong PyCSP specific responses were recalled
from splenocytes isolated from immune mice but not from unimmunized
mice. Subsequently, we transduced A20 cells with adenovectors expressing
uncharacterized Plasmodium genes (generated using the Gateway
system), and with PyCSP in parallel as a positive control, for evaluation

by IFN y ELISpot. Positive recall immune responses with splenocytes

from sporozoite immunized mice have been demonstrated. In vivo
studies to assess the potential protective efficacy of selected antigens is
anticipated. We envisage that the Plasmodium falciparum orthologues of
the most promising antigens will represent high priority antigens for the
development of a vaccine against malaria.

(ACMCIP Abstract)

PILOT-SCALE PRODUCTION OF THE PLASMODIUM VIVAX
TRANSMISSION BLOCKING VACCINE CANDIDATE PVS28

Jacqueline J. Glen, Richard L. Shimp, Nicholas J. MacDonald,
Nicholas J. MacDonald, Vu D. Nguyen, Peter Duggan, Yanling
Zhang, Daming Zhu, Yimin Wu, Allan Saul, David L. Narum

National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Rockville, MD, United States

The development of a novel malaria vaccine that blocks transmission of
Plasmodium vivax in the mosquito host is being investigated. The ookinete
specific proteins, Pvs25 and Pvs28 which are expressed by the parasite in
the mosquito midgut are targets of transmission blocking antibodies. A
human Phase | study with Saccharomyces derived Pvs25H on alum induced
limited antibody and transmission blocking responses. We hypothesize
that the inclusion of Pvs28 would enhance this response. Therefore, we
have developed a scalable process for pilot-scale production of Pvs28.
Pvs28 was expressed in the methylotrophic yeast Pichia pastoris using a
synthetic codon optimized gene in which putative N-linked glycosylation
sites were replaced by conserved amino acid substitutions. After screening
Pvs28 transformants, a production clone was identified and fermentation
conditions were optimized for pH, temperature and methanol feed in
chemically defined media in 5L fermentation runs. Fermentation broth was
harvested by microfiltration in serial with ultrafiltration and diafiltration.
Clarified, dialyzed and concentrated supernatant was purified using
immobilized metal affinity chromatography, hydrophobic interaction
chromatography, Q membrane and size exclusion chromatography. The
final bulk substance was characterized biochemically and biophysically for
purity, integrity and as well as conformation. The process was successfully
tech transferred to a contract pilot-plant facility where a 60L fermentation
and downstream purification was performed in accordance with cGMP.
The yield of cGMP Pvs28 bulk substance was ~50 mg/L fermentation
broth. Pvs28 bulk substance is now available for human Phase | studies.
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RE-INGESTION OF PLASMODIUM BERGHEI SPOROZOITES
AFTER DELIVERY INTO THE HOST BY MOSQUITOES

Chahnaz Kebaier, Jerome Vanderberg
NYU School of Medicine, New York, NY, United States

Malaria-infected mosquitoes feeding on a mammalian host inject
sporozoites into the skin to induce a malaria infection. The numbers of
sporozoites ultimately able to reach the liver are important determinants
of the characteristics of the ensuing blood infection. Because mosquitoes
not only inject sporozoites into the host but concomitantly ingest

blood to obtain a bloodmeal, some sporozoites are re-ingested by the
feeding mosquito. We studied transmission of fluorescent Plasmodium
berghei sporozoites injected into mice by individual Anopheles stephensi
mosquitoes and were able to quantitate the numbers re-ingested by the
mosquito. To distinguish between sporozoites ingested into the midgut
with the bloodmeal vs. exogenous sporozoites already on the exterior of
the midgut, we developed a procedure that allowed us to successfully
quench fluorescence from exterior sporozoites with no discernable
effect on fluorescence of sporozoites within the midgut lumen. To
further confirm that sporozoites we observed within the midgut lumen
were salivary gland sporozoites re-ingested during feeding rather than
endogenous oocyst sporozoites already residing within the abdomen,
we used two procedures previously shown to differentiate between
these classes of sporozoites: assessment of sporozoite gliding motility
(characteristic of sporozoites of salivary gland but not oocyst origin)

and assessment of the circumsporozoite precipitation reaction (also
characteristic of sporozoites of salivary gland but not oocyst origin). In
both cases, we found that the luminal sporozoites fit the phenotype of
salivary gland rather than oocyst sporozoites, thus confirming that they
had been re-ingested by the feeding mosquito. Our results showed that
the numbers of sporozoites re-ingested by mosquitoes are comparable
to numbers previously reported to be delivered directly into mice. Thus,
re-ingestion of sporozoites likely plays a significant role in transmission
dynamics of malaria by mosquitoes, and may account for failure of some
sporozoite-infected mosquitoes to induce blood infections.

DIVERSE WOLBACHIA STRAINS CAN INFECT ANOPHELES
GAMBIAE CELLS

Xiaoxia Ren, Courteny Gamston, Michael Petridis, Jason Rasgon

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

Wolbachia are maternally-inherited endosymbionts associated with
cytoplasmic incompatibility (Cl). Cl provides Wolbachia-infected females
with a reproductive advantage relative to uninfected females, promoting
the spread of Wolbachia into uninfected host populations. This ability
has led to the proposed use of Wolbachia to spread transgenic traits

into Anopheles populations for malaria control. Wolbachia infections

are common in many mosquitoes, but have never been observed in any
Anopheles species, leading to the hypothesis that Anopheles mosquitoes
are incapable of harboring infection. We used an in vitro system to
evaluate the ability for Anopheles gambiae cells to harbor diverse
Wolbachia infections. We successfully established Wolbachia infections
(WRi and wAlbB) in the immunocompetent Anopheles gambiae cell line
Sua5B. Infection was confirmed by PCR, antibiotic curing, DNA sequencing
and direct observation using fluorescence in situ hybridization. Infections
have been stable for >30 passages with no decrease in infection levels.
Our results indicate that there is no intrinsic genetic block to Wolbachia
infection in A. gambiae cells, suggesting that establishment of in vivo
Wolbachia infections in Anopheles mosquitoes may be feasible.

(ACMCIP Abstract)

ENVIRONMENTAL MANAGEMENT FOR MOSQUITO CONTROL
IN SOME SELECTED STATES IN THE UNITED STATES WITH
RECOMMENDATIONS FOR NIGERIA

Sarah |I. Umeh

Microbiology Department, Federal University of Technology, Owerri, Imo
State, Nigeria

In both the developed and developing nations of the world, vector

borne diseases such as malaria constitute a major threat to health. World
wide, mosquitoes are responsible for the transmission of malaria and

the factors responsible for mosquito breeding are found in the physical
environment. Malaria is one of the greatest health problems in Nigeria.
The environmental factors contributing to malaria vector breeding in
Nigeria include the absence of proper systems of solid and liquid waste
disposal, heavy rainfall and the poor drainage systems. In view of the

high mortality and morbidity rates due to malaria in Nigeria, the author
undertook research into environmental management for malaria vector
control. This study considered the naturalistic methods of mosquito
control. Source reduction methods used for mosquito control in the united
states have achieved a high degree of efficiency due to financial and
manpower resources, well organized mosquito control staff and awareness
by the public of the basic principles of public health. However, the best
mosquito control is achieved when various method of mosquito control
are integrated into the overall pro gram. At present, Nigeria could operate
an efficient environmental management for mosquito control as is found
in the United States by incorporating some of the basic environmental
control practices used for mosquito control in the united states. There is
therefore, an immediate need to replicate these studies in Nigeria with a
view to determining which of the control strategies will be more applicable
to Nigeria considering her unique socio-cultural characteristics.

FIRST REPORT OF TRANSGENIC MOSQUITOES IN LATIN
AMERICA

Flavia G. Rodrigues', Sabrina B. Oliveira’, Michael Riehle?, Marcelo
Jacobs-Lorena?, Luciano A. Moreira’

'Centro de Pesquisas René Rachou, Belo Horizonte-MG, Brazil,
2Department of Entomology, University of Arizona, Tucson, AZ, United
States, *Department of Molecular Microbiology and Immunology, Malaria
Research Institute, Johns Hopkins School of Public Health, Baltimore, MD,
United States

Interference with the mosquito vectorial capacity is an important strategy
for malaria control that is being explored. One approach is to introduce
into the mosquito, a gene whose product is harmful to the parasite,

but innocuous to the mosquito. Previously we demonstrated that the
Anopheles gambiae carboxypeptidase (AgCP) promoter strongly and
rapidly induced the secretion of the bee venom phospholipase A2 (PLA2),
in the midgut of transgenic An. stephensi mosquitoes, as reported
previously. Transgenic mosquitoes expressing PLA2 inhibited Plasmodium
berghei oocyst formation by 68~99%. Furthermore, transmission of

the parasite from transgenic mosquitoes to naive mice was dramatically
reduced. Reported experiments to measure the fitness of transgenic
mosquitoes have shown that PLA2 expression significantly reduced their
egg production (58-75% fewer eggs). Recentl reports showed a similar
fitness reduction when PLA2 was driven by the An. gambiae perithrophin
1 promoter and based on electron microscopical evidence they concluded
that phospholipase damages the mosquito midgut epithelia, possibly
reducing nutrient absorption. Based on reported observation that PLA2
enzymatic activity is not required for inhibition of oocyst formation, we
constructed a mutant PLA2 gene carrying a point mutation that abolished
enzymatic activity. This gene was cloned into the piggyBac transposable
element to generate transgenic Brazilian mosquitoes. Recently we were
successful to generate the first transgenic mosquitoes in Latin America
(Aedes fluviatilis), which can open the possibilities of studying parasite-
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vector interactions under our conditions. We are currently studying the
blocking ability of the transgenic mosquitoes towards P gallinaceum. With
this study we expect to add the powerful blocking ability of the bee PLA2
without compromising mosquito fitness.

A COMPARATIVE ANALYSIS OF ANOPHELES STEPHENSI
AND A. GAMBIAE THROUGH BAC SEQUENCING AND
PYROSEQUENCING

Song Li', Chunhong Mao?, Zhijian Jake Tu'

"Virginia Polytechnic Institute, Blacksburg, VA, United States, ?Virginia
Bioinformatics Institute, Blacksburg, VA, United States

We are studying the genomics and evolution of Anopheles mosquitoes
through comparison between A. stephensi and A. gambiae, two medically
important species in the subgenus Celia. The genome of A. gambiae has
been sequenced, which offers a good reference for comparison. We have
sequenced 15 BAC clones from A. stephensi, and identified orthologous
regions in the A. gambiae genome. Pair wise comparison for comparative
gene prediction and annotation has been performed using VISTA. Majority
of coding sequences predicted in A. gambiae can be identified in A.
stephensi and gene order is general maintained at the scale of individual
BAC clones. On the other hand, rearrangement breakpoints region are
also identified. In addition, the substitution-based evolutionary rate
between the two species was calculated using PAML. VISTA comparison
between annotated A. gambiae sequences and A. stephensi BACs
revealed a large number of “conserved non-coding sequence region
(CNS)”, which are good candidates for regulatory elements, new exons,
and new genes. RT-PCR analysis indicated that these CNS consisted of
many missed or mis-annotated genes in A. gambiae database. We also
used pyrosequencing to obtain 78 Mbp A. stephensi sequences (~1/3

of the genome) in 100 bp fragments. These sequences map back onto
the sequenced A. stephensi BACs at expected rate. There are 4 Mbp
pyrosequences that are homologous to A. gambiae fragments. These data
may be used as “landing pads” to sequence A. stephensi genes. \We have
also identified of novel transposable elements and possible horizontal
transfer events from these comparative analysis.

SEQUENCE ANALYSIS OF THE DOMAIN Il SODIUM CHANNEL
IN ANOPHELES FUNESTUS

Patricia N. Okoye’, Lizette L. Koekoemer', Basil D. Brooke?,
Maureen Coetzee?

"Vector Control Reference Unit, National Institute for Communicable
Diseases, Sandringham, South Africa, *Division of Virology and
Communicable Disease Surveillance, School of Pathology of the National
Health Laboratory Service and the University of the Witswatersrand,
Johannesburg, South Africa

The discovery of insecticide resistance in Anopheles funestus in South
Africa has prompted an urgent need to understand the molecular
mechanisms conferring pyrethroid resistance in An. funestus. Biochemical
analysis and synergist assays have previously identified the enhanced
oxidative capabilities of monooxygenases as the primary mode of
detoxification. DDT and pyrethroids resistance in many insects has been
associated with substitution from leucine (TTA) to phenylalanine (TTT) in
the gene that encodes the voltage-gated sodium channel. To establish
whether this mutation is present or not in southern African An. funestus,
the S6 transmembrane segment of domain Il region of the voltage-gated
sodium channel gene was cloned and sequenced in a pyrethroid resistant
strain (FUMOZ-R) and a susceptible strain (FANG) of An. funestus. A
comparison of the aligned nucleotide cDNA sequences obtained for

the resistant and susceptible strains revealed that only two nucleotide
changes differentiated them. At the amino acid level, 96% identity was
found between these sequences and those of the voltage-gated sodium
channel of An. gambiae. The point mutation change involving a single A-T
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base change encoding leucine to phenylalanine that had been detected
in An. gambiae and other insects with kdr-like resistance was absent in
the pyrethroid resistant strain of the An. funestus studied. Analysis of the
genomic sequences revealed the presence of two introns; a large intron
upstream, 1003bp for the susceptible strain and 1005bp for the resistant
strain with seven nucleotide changes differentiating the two strains and a
second intron downstream, 68bp for both strains with no polymorphism
was detected. The findings obtained here suggest that kdr is not
associated with pyrethroid resistance in this strain of An. funestus.

MOLECULAR BASIS OF THE ESSENTIAL AMINO ACID
ABSORPTION IN VECTOR MOSQUITOES

Dmitri Y. Boudko
University of Florida, St. Augustine, FL, United States

Metabolism of essential amino acids in organisms depends upon a
specific network of plasma membrane transporters. A few sodium-
dependent essential amino acids transporters, similar to broad substrate
spectra system (B, were cloned from mammals and insects. The
screening of completed genomes revealed a number of B%like homologs
comprising a set of 4-11 genes-per-lineage expansions in the Sodium
Neurotransmitter symporter Family (SNF = SLC6), denoted as a subfamily
of Nutrient Amino acid Transporter, as reported previously. To determine
the variety of phenotypes and structure-function relationship we aim to
clone and characterize representative sets of NATs from simple genomic
models including two vector mosquitoes and fruit fly. Presently we have
characterized 6 SNF-NATs including several novel phenotypes which
perform sodium-driven absorption of essential amino acids and some
metabolites with specific preferences to indole-, phenyl-, or thiole-
branched substrates. Two B°-like transporters with virtually uniform
carrier efficiencies for all Essential amino acids plus some D-isomers were
also characterized from Anopheles and Drosophila. The comparison

of characterized transporters revealed a high evolutionary plasticity

of individual NAT phenotypes but a conserved synergetic role of NAT
populations. The consensus of electrochemical and morphological
characteristics suggests that NATs comprise an active pipeline for
absorption and redistribution of essential amino acids. The interference
with such a crucial and lineage-specific molecular mechanism is proposed
as rational vector management strategy.

OBSERVATIONS OF ANOPHELES GAMBIAE WITH MIXED
RDNA ARRAYS CONTAINING BOTH MOPTI AND SAVANNA
TYPES

Elizabeth Wilkins', Paul I. Howell', Mark Q. Benedict?

'Malaria Research and Reference Reagent Resource Center at Centers for
Disease Control and Prevention, Chamblee, GA, United States, Centers for
Disease Control and Prevention, Chamblee, GA, United States

Different rDNA sequences are associated with sub-forms of Anopheles
gambiae. Analyses of these have been reported using PCR and PCR-RFLP
based on a polymorphism in a Hha | restriction site. During a survey of
laboratory colonies using the PCR-RFLP method, we observed stocks
that contained males and females yielding fragments indicative of both
Mopti (M) and Savanna (S) rDNA intergenic spacers (IGS). Sequences

of the IGS rDNA of male individuals had a mixture of arrays associated
with both M and S types. In addition to the diagnostic Hha | restriction
enzyme site, two nucleotide positions were conserved for the M and S
types in contiguous regions. Both results demonstrate that M and S 1GS
types can both occur within the rDNA arrays in laboratory Anopheles
gambiae stocks, possibly on one chromatid. In order to determine the
inheritance of these arrays, crosses of individual males having the mixed
arrays to females of M and S types were performed. These yielded only
progeny with mixed M and S rDNA indicating that the DNAs associated
with these mixtures may not be located exclusively on the X chromosome
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as previously reported. We report the results of crosses similar to those
previously reported assigning the rDNA exclusively to the X chromosome.
In contrast to previous experiments which used Southern hybridization,
we used a PCR technique. We also developed a primer set that produces
distinct fragment sizes for the M and S rDNA arrays without restriction
digestion, and we demonstrate that the results are similar to those of an
existing PCR-RFLP method.

EVOLUTION OF HERVES TRANSPOSABLE ELEMENT IN
ANOPHELES GAMBIAE IN AFRICA

Ramanand Arun Subramanian’, Edward Peckham’, Tovi
Lehmann?, Peter Atkinson?, David A. O'Brochta’

"University of Maryland Biotechnology Institute, Rockville, MD, United
States, 2National Institute of Allergy and Infectious Diseases/National
Institutes of Health, Twinbrook, MD, United States, *University of
California, Riverside, CA, United States

Understanding behavior of active transposable elements in natural
populations of Anopheles gambiae is important to understand the
consequences of using transposable elements as gene drive agents. Herves
is a Class Il transposable element isolated originally from An. gambiae.

It is a member of the hAT super-family of transposable elements which
includes the gene vectors hobo from Drosophila melanogaster and Hermes
from Musca domestica. Herves is found in all members of An. gambiae
species complex (except An. bwambae for which data is unavailable).
Herves was found in all An. gambiae s.s samples across Africa with

a low copy number of 3-7. The nucleotide sequence polymorphism

data also indicates that the introduction of Herves into An. gambiae is
not a recent event and predates the radiation of the species complex.
Higher sequence polymorphism was observed in non-coding region as
compared to the coding region of Herves transposase in all the locations
of study. Surprisingly, a high level of structural integrity was seen with

a high frequency of complete open reading frames. A high degree of
conservation was also observed in amino acid sequences in the region

of analysis; less than 10% of the sample had stop codons resulting in
early termination of the Herves transposase protein. Nucleotide sequence
diversity from different locations across Africa will be presented. The role
of selection on evolution of Herves, similarities and differences with other
Class Il transposable elements and the implications of this study towards
using transposable elements as gene drive agents will be discussed.

PATTERN OF GENOME REARRANGEMENTS IN MALARIA
MOSQUITOES

Igor Sharakhov, Maria Sharakhova, Ai Xia
Virginia Tech, Blacksburg, VA, United States

The chromosomal model of speciation by suppression of recombination
suggests that genome rearrangements promote differentiation by

acting as a genetic filter between populations. Genomic regions of low
recombination, such as the areas around inversion breakpoints, may
contain genes important for adaptations, speciation, and evolution of
vectorial capacity. The availability of polytene chromosomes in malaria
mosquitoes provides the opportunity to develop physical maps suitable
for detailed analysis of evolutionary changes in the genome structure.
Anopheles gambiae, An. funestus, and An. stephensi belong to different
series of the subgenus Cellia. We have developed a low resolution physical
map for An. stephensi and compared it with the existing genome maps

of An. funestus and An. gambiae. The correspondence of chromosomal
elements between the three malaria vectors has been established. We
have found preservation of synteny but substantial shuffling of gene order
along corresponding chromosome arms due to paracentric inversions.

The results suggest that whole arm translocations have been taking place
during evolution of subgenus Cellia. Three-way analysis has assigned the
rearrangement events to one of the three lineages. We have calculated the
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sizes of conserved segments and inversion distances between the species.
The development of a high resolution physical map will allow us to identify
possible “hot spots” of inversion fixation and characterize genes located

in the genomic regions enriched with the breakpoints.

MACROGEOGRAPHIC PATTERNS OF CHROMOSOMAL
POLYMORPHISM IN THE MOLECULAR FORMS OF
ANOPHELES GAMBIAE IN RELATION TO ENVIRONMENTAL
HETEROGENEITIES IN CAMEROON

Marco Pombi', Colince Kamden?, Jean-Pierre Agbor?, Vincenzo
Petrarca®, Nora J. Besansky*, Carlo Costantini®, Didier Fontenille®,
Alessandra della Torre', Frederic Simard?

!Parasitology Unit, Department Public Health Sciences, University “La
Sapienza”, Rome, Italy, ?Institut de Recherche pour le Développement,
UR016 and Organisation de Coordination pour la lutte Contre les
Endémies en Afrique Centrale, Yaoundé, Cameroon, Department of
Genetics and Molecular Biology, University “La Sapienza”, Rome, Italy,
“Center for Tropical Disease Research and Training, Department of
Biological Sciences, University of Notre Dame, Notre Dame, IN, United
States, °Institut de Recherche pour le Développement, URO16 and Institut
de Recherche en Sciences de la Sante, Bobo Dioulasso, Burkina Faso,
bInstitut de Recherche pour le Développement, UR0O16, Montpellier, France

We are carrying out a survey on Anopheles gambiae complex in
Cameroon, with the main aim to characterise the ecological niches

of M and S molecular forms and to define their patterns of inversion
polymorphisms in relation to environmental heterogeneities. From August
to December 2005, we collected about 5,000 An. gambiae s.1. in 305
villages over a north-to-south transect throughout the Country, ranging
from northern dry savannas to southern equatorial forest. PCR-RFLP
identifications of ca. 4,200 specimens showed a strong prevalence of

An. arabiensis in northern Cameroon (mean annual rainfall<1,200mm);
moreover, above 11°N (<600mm) it was the only member of the complex.
Elsewhere, An. gambiae s.s. is widespread and increases its relative
frequency in southern more humid areas. Most of the specimens belonged
to the S-form (2,150/2,298 identified so far). M-form was very scarce in
the northern half of the Country, where its presence seemed associated
to permanent water collections (lakes, dams). The relative frequency

of M-form mosquitoes increased southwards, but their distribution
remained patchy, suggesting very different population dynamics than
S-form. Northern populations showed 2R chromosomal arrangements
typical of SAVANNA chromosomal form (2R b, 2R d and 2L a), decreasing
in frequency southwards; rare carriers of the MOPTI-specific 2R bc
arrangement were also recorded. Unexpectedly, 7 heterozygous 2R j/+
specimens were recorded in 7 different villages: this is the first report of
inversion 2R j in Cameroon. More southwards, both molecular forms were
homokaryotypic, mainly carrying the standard 2R + -- 2L + arrangement.
As observed in other western Afrotropical areas, in Cameroon both
molecular forms of An. gambiae seem to use inversion polymorphisms
as tools for ecotypic adaptations rather than as tools for driving speciation
phenomena.

Further genetical and ecological investigations are planned to assess
whether / how the two molecular forms differentially exploit the same
ecological context through niche partitioning.
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PHYLOGEOGRAPHY OF THE SOUTHEAST ASIAN SUNDAICUS
COMPLEX INFERRED BY DIFFERENTIAL EVOLUTION
MARKERS

Isabelle Dusfour?, Johan R. Michaux?, Sylvie Manguin?

"Uniformed Services University of the Health Sciences, Bethesda, MD,
United States, ?°CBGR Montferrier sur Lez, France, >IRD-CBGP Montferrier
sur Lez, France

Mitochondrial (mtDNA) and nuclear ribosomal (rDNA) DNAs are widely
used to infer species and population history in the Anopheles genus.

Our work based on the ITS2 (rDNA), Cyt-b and COI (mtDNA) sequences
allowed to describe the phylogeography and the species status of 15
populations of Anopheles sundaicus s.l., a malaria vector along the
Southeast Asian coasts. Our study reported a lower diversity among

ITS2 sequences than the mitochondrial ones. The ribosomal marker was
unable to reconstruct phylogenetic relationships, whereas analyses of both
mtDNA markers discriminated three allopatric species within the Sundaicus
Complex. Anopheles sundaicus s.s. was recognized in northern Borneo,
the continental distribution of An. epiroticus was enlarged southward

to Malaysian Peninsula, and a new distinct entity named An. sundaicus
species E was found in Indonesia. The evaluation of ITS2 intra-individual
variability provided new insights in the phylogeography of the species
complex by detecting past introgression events. COl and Cyt-b evolution
rates were estimated respectively at 2.31% and 1.82% per Myr providing
information at two different steps of the species story. Cyclical sea-level
variations, which implied the creation of islands and tropical refugia during
the Pleistocene epoch, are assumed to play a role in speciation events and
the current distribution of the three species. According to all the markers,
An. sundaicus s.s. diverged from the two other species most likely by
isolation on the Borneo Island. Continental and Indonesian species were
also isolated but the proximity of the Indonesian and Peninsular Malaysian
refugia allowed further contacts during sea-level fluctuation.

CHROMOSOMAL AND MOLECULAR GENETICS OF
ANOPHELES GAMBIAE COMPLEX IN MALI

Guimogo Dolo’, Adama Dao', Gregory Lanzaro?, Douglas Norris®

'MRTC/IFMPQS, Bamako, Mali, ?University of California at Davis, Davis, CA,
United States, ?John Hopkins University, Baltimore, MD, United States

Eigth cross-sectional entomological surveys were carried out in two
villages of Mali (Banambani and N’'Gabakoro-Droit) from June 2000 March
2004. Two mosquito-catching methods (human landing catch and spray
catch) were compared. The main objective was to measure and analyze
genetic variations in An. gambiae populations using chromosomal

and microsatellite markers under different conditions and relate them

to malaria epidemiology and transmission. The vector population and

the malaria transmission were studied in the two villages. The vector
population was composed of Anopheles gambiae s.s. and Anopheles
arabiensis. The distribution of the An. gambiae s.s. and An. arabiensis
was significantly different between Banambani and N'Gabakoro-Droit
(chi-square=76.23; P<0.000001). In N'Gabakoro-Droit An. gambiae s.s.
represented 95.2 % vs 84.0% in Banambani. An. arabiensis which
represented 16.0% of the An. gambiae s.1. vector population in
Banambani was much less prevalent in N'Gabakoro-Droit (4.8%). The
transmission pattern differed markedly between the two villages. The
highest man-biting rates were observed during the month of August. The
mean of the EIR after day catches in Banambani over the period of study is
2.38 infective bites per man vs 0.83 in N'Gabakoro-Droit.

Banambani has a 2.9 fold greater EIR than N'Gabakoro-Droit based on day
catches. The mean of the EIR after Night catches in Banambani over the
period of study is 13.64 infective bites per man vs 6.31 in N'Gabakoro-
Droit. Banambani has a 2.2 fold higher EIR than N'Gabakoro-Droit based
on night catches.

In contrast the highest infection rates and the entomological inoculation
rates were observed at the end of the rainy during the month of October.

CROSS-GENOME COMPARISON OF CELL DEATH REGULATION
IN MOSQUITOES

Lei Zhou, Yanping Zhang, Carl P. Santos, Nianwei Lin
University of Florida, Gainesville, FL, United States

Cell death (apoptosis) is an important component of host/vector immuno-
response mechanism and has been implicated in the life cycle of various
pathogens in mosquitoes. Transcriptionally regulated pro-apoptotic

genes such the reaper/hid genes in Drosophila also hold the promise of
successful mosquito population control strategies because of their tissue-
ablation activity. However the understanding of cell death regulation in
mosquito was hindered by the fact that major insect cell death regulators,
namely the reaper/hid/grim (RHG) like IAP-antagonists identified in
Drosophila, were not present in the annotated mosquito (Anopheles
gambia) genome. Using a systematic bioinformatics approach, we have
identified several candidates of reaper/hid/grim-like I1AP-antagonists

in both the Anopheles and Aedes mosquito genomes. One of them,
michelob_x has been characterized as indeed an |AP-antagonist. Cross
genome comparison of the RHG genes revealed some very interesting
findings, which should not only contribute to our understanding of
immuno-response and cell death regulation in mosquitoes but also to the
design of controlled tissue-ablation strategies.

(ACMCIP Abstract)

CHARACTERIZING THE ROLE OF AEDES AEGYPTI EARLY AND
ABUNDANT TRYPSINS IN DENGUE VIRUS INFECTIVITY OF
THE MOSQUITO MIDGUT

Doug E. Brackney', Brian D. Foy', Tereza Magalhaes?, Ken E.
Olson'

"Colorado State University, Fort Collins, CO, United States, ?Tulane
University, New Orleans, LA, United States

Dengue virus (DENV) is the most significant arbovirus afflicting humans
today. Currently, there is no vaccine or effective anti-dengue therapeutic
and mosquito control programs are the primary strategy for dengue
disease prevention, but DENV continues to persist globally. Understanding
the mechanisms surrounding vector competence is critical for the
development of novel control strategies. Empirical evidence has suggested
that tryptic enzymes may be involved in DENV midgut infectivity,

possibly by proteolytic processing of exposed regions of infectious viral
particles which would condition them for efficient midgut infection. We
hypothesized that Aedes aegypti early (ET) and abundant (AT) trypsin

are integral in conferring vector susceptibility to DENV infection. We
tested two immunization regimens to invoke specific immune responses
against ET and AT. In our infectivity assays, sera from immunized mice are
mixed with cultured DENV, fed to Aedes aegypti and midgut infection
rates are determined. A DNA immunization regimen using a mammalian
expression plasmid containing ET and AT resulted in low, but detectable
specific antibody titers and had minimal effects on DENV midgut infection
rates. However, a DNA prime/ recombinant alphavirus boost strategy
(recombinant double-subgenomic Sindbis virus expressing ET or AT)
resulted in higher specific antibody titers. In infectivity assays, sera from
the AT-immunized mice resulted in approximately a two and half-fold
increase in Aedes aegypti midgut infection rates and the relative infection
intensity was also increased. Surprisingly, the effects observed from these
experiments demonstrated that AT specific antibodies did not reduce
infection rates as hypothesized but instead significantly increased DENV
infection. Our results suggest that trypsins do not proteolytically activate
the virus but that trypsin activity within the midgut actually limits virus
infectivity. From these data, we predict that variable expression or activity
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of trypsins may contribute towards vector competence differences across
worldwide strains of Aedes aegypti.

IMPROVED MEASUREMENT OF THE DISTRIBUTION FORMS
OF ANOPHELES GAMBIE SENSU STRICTO FORMS AND THEIR
RELATION TO THE ENVIRONMENT

Saul Lozano-Fuentes', Sigrid K. Rian', Yoosook Lee’,
Mahamoudou B. Touré?, Gregory Lanzaro®, Anthony J. Cornel?,
Seydou Doumbia?, Yongkang Xue', Sekou F. Traoré?, Charles E.
Taylor!

'UCLA, Los Angeles, CA, United States, °MRTC, Bamako, Mali, 2UCDavis,
Davis, CA, United States

The distribution of molecular and chromosomal forms of Anopheles
gambie sensu stricto is well characterized for their broad distribution in
much of Africa, and all Mali. In particular, the M molecular (Mopti) form
tend to be in dryer areas to the north of the Mali and the S molecular
form (Savanna and Bamako chromosomal forms). There are some obvious
departures from this. Attempts to get improved ties between environment
and genotypes had been hindered by a lack of good environmental
classification. Using remote sensing we recently completed a landscape
classification for Mali in an effort to better understand the underlying
factors that affect the distribution of Anopheles gambie forms in this West
Africa country. In association with this study we collected mosquitoes

and scored for molecular and chromosomal form. A parsimony method
was used to estimate the haplotype of the mosquito chromosomal
configurations and then estimated their frequency at each collection site.

The resulting landscape classification of Mali has eight classes and has

a high accuracy (94%). A 5 kilometer area around each collection site
was extracted and each class counted in order to estimate the habitat.
A Principal Components Analysis was performed on the landscape
characterization. The resulting principal components were regressed

on the form composition at each collection site. We observed R square
(>75%) and small root-mean-square error of prediction (RMSEP < 30)
for most forms and haplotypes. We will present the resulting principal
components regressions and the most parsimonious models for each for
forms.

QTL ANALYSIS OF THE GENETIC BASIS FOR AUTOGENY IN
AEDES ALBOPICTUS

Akio Mori, David W. Severson

Department of Biological Sciences, University of Notre Dame, Notre Dame,
IN, United States

While most mosquitoes require a blood meal to initiate oviposition, some
are autogenous and are able to produce an egg batch without a blood
meal. Aedes albopictus has become well established in many US states
after introduction from Asia about 20 years ago, and remains a threat for
viral transmission. This species breeds around human dwellings and also
readily blood feeds on animals, but it also is known that some individuals
display facultative autogeny in that they normally take a blood meal prior
to oviposition, but retain the ability to produce a first egg batch without
a blood meal if necessary. We studied the genetic basis for facultative
autogeny by crossing an Aedes albopictus autogenous female and a
male from anautogenous strain. Our autogenous strain originated from
Japan and was lab selected for high autogeny, while our anautogenous
strain originated from Sri Lanka. F, progeny were obtained by sibling
mating. Females of these progeny were fed 2% sugar solution for five
days; thereafter, the developmental stage and size of the first ovarian
follicles were recorded and number of follicles developing to mature egg
size were counted. Wing length was measured as a proxy for adult body
size. DNA was then extracted from the individual carcasses and DNA
marker genotypes were determined. We previously reported tentative QTL
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positions based on a limited DNA marker set. Here, we report results of a
detailed QTL analysis that includes markers developed from Aedes aegypti
and SNP markers developed from Aedes albopictus.

IDENTIFYING ANOPHELES GAMBIAE GENES THAT AFFECT
PLASMODIUM OOCYST DEVELOPMENT

Giovanna Jaramillo-Gutierrez’, Sanjeev Kumar', Stephanie
Brandt?, David Schneider?, Carolina Barillas-Mury'

'National Institute of Health, Rockville, MID, United States, Stanford
University, Stanford, CA, United States

Malaria is a devastating disease caused by Plasmodium parasites that is
transmitted to humans exclusively by Anopheline mosquitoes. Mosquitoes
vary greatly in their ability to transmit malaria, but the molecular basis for
these differences is only starting to be understood. Insects mount strong
innate immune responses against Plasmodium and other pathogens. Many
genes involved in mosquito innate immunity have been characterized
based on their sequence homology to known Drosophila melanogaster
immune genes. Previous studies indicate that in vitro cultured P
gallinaceum ookinetes can develop to mature oocysts when injected into
Drosophila. A genetic screen has identified 25 Drosophila mutant lines
that significantly reduced the flies ability to support oocyst development.
We have identified homologues for six of these genes in Anopheles
gambiae, and confirmed that their mRNAs are expressed. We are using
dsRNA-mediated gene silencing to determine whether these genes are
also important for the development of P berghei (murine malaria) oocysts
in A. gambiae. Preliminary data indicate that silencing of the mosquito
homologue of the Drosophila L82F gene does prevent P berghei oocysts
development in A. gambiae.

CHARACTERIZATION RNAI-BASED EFFECTORS SEQUENCES
THAT TARGET DENGUE VIRUSES IN AEDES AEGYPTI

Irma J. Sanchez-Vargas, Alexander Franz, Ken E. Olson
Colorado State University, Fort Collins, CO, United States

Dengue viruses (DENVs) are medically important arthropod-borne viral
pathogens of humans. The peridomestic mosquito, Aedes aegypti, is

the principal vector of DENV serotypes 1-4 during epidemics. DENVs

enter the mosquito when the adult female takes a blood meal from a
viremic individual. We hypothesize that triggering the RNA interference
(RNAI) pathway in relevant tissues of DENV vectors may be an important
way of stopping the infection of DENVs and negatively impacting virus
transmission. RNAI is an innate immune pathway in insects, including
mosquitoes, that is triggered by double stranded RNA (dsRNA) and leads
to the degradation of RNAs with long stretches of sequence identity to the
dsRNA trigger. We are characterizing RNAi-based effectors sequences that
target the four DENV serotypes for use in the development of transgenic
mosquitoes resistant to DENV infection. We have targeted the NS5 gene
of the DENV genome. The NS5 gene of DENVs is ~2700 nt and encodes

a multifunctional protein that includes RdRp activity. We have identified a
region of the NS5 coding region of DENV2 that allows maximal silencing
efficiency when used as a trigger for RNAI. Nine different 300 nt segments
of the DENV-2 NS5 gene were RT-PCR amplified and used as templates

for in vitro transcription of effector sequences and formation of dsRNA.
One pliter of DENV2-specific dsRNA (1pg/ul) was injected into Higgs White
Eye (HWE; Puerto Rico, Rexville D) mosquitoes. Two days later mosquitoes
were orally infected with DENV2 (Jamaica 1409; 107 pfu/ml). At 7 and 12
days post infection (dpi), mosquitoes treated with either NS5 dsRNA or
-Gal dsRNA were assayed for infectivity. All nine 300 nt NS5 segments
significantly reduced DENV2 infection. NS5-1, 2, and 3 dsRNAs targeting
the N-terminal region (2'-O- methyl-transferase domain) appeared to be
less effective inhibitors of DENV2 at 12 dpi than NS5-5, 6, 7, 8, and 9
dsRNAs targeting the RdRp. To determine if these DENV-2 NS5 dsRNA
have a high level of interference across multiple DENV serotypes, HWE
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mosquitoes were injected with target dsRNA and then challenged with
DENV4. At 7 dpi, but not 12 dpi, NS5-5, 6, 7 and 8 dsRNAs showed only
modest inhibition of DENV4 indicating the importance of having dsRNA
from each DENV serotype. Hybrid NS5 dsRNAs derived from the four DENV
serotypes are currently being developed to generate an effector molecule
that will target multiple DENV serotypes.

FIELD-READY METHOD FOR DETECTING RUBIDIUM-MARKED
ANOPHELENE MOSQUITOES

Elizabeth Wilkins’, Stephen C. Smith?, Mark Q. Benedict?

'Malaria Research and Reference Reagent Resource Center at Centers for
Disease Control and Prevention, Chamblee, GA, United States, Centers for
Disease Control and Prevention, Chamblee, GA, United States

We present a mark-release-recapture technigue that can be used with

a hand-held, portable X-ray fluorescence (XRF) spectrometer practical

for field-use. Third instar Anopheles gambiae larvae and pupae were
reared in water containing RbCl at concentrations of 0-1000 ppm Rb*.
Larvae survived to the adult stage at concentrations as high as 1000ppm
Rb* but did suffer increased pupal and adult mortality at the higher
concentrations. The effect of RbCl on adult longevity was recorded and
survival curves determined. The presence of Rb* in adults was determined
using XRF, and we were able reliably to detect Rb* above background in
females until at least 10 days post-emergence and males up to 6 days
post-emergence when cultured at concentrations that resulted in minimal
pupal or adult mortality. Rb* loss with time was observed and is presumed
to be via diuresis. Incubating the pupae without RbCl decreased the level
of Rb* in adults suggesting that Rb* can be lost through diffusion into the
rearing water. The low cost of labeling with RbCl and the field portability
of the spectrometer provide a useful means for labeling mosquitoes for
numerous tracking experiments in which marking has been problematic
via breeding site marking or in laboratory culture.

POPULATION STRUCTURE OF THE CULEX PIPIENS VECTORS
OF WEST NILE VIRUS IN EASTERN NORTH AMERICA

F. E. Edillo’, A. Kiszewski', M. Hutchinson?, L. Bugbee?, J. Arias?,
J. Johnson#, D. Gaines®, J. Halpaus®, P. Cuffee®, R. Lampman’,
R.J. Novak’, I. Foppa®, M. Holman?, R. Smith®, A. Moncayo'?, M.
Anderson', M. Boisvert'?, A. Spielman’

"Harvard School of Public Health, Boston, MA, United States, ?Pennsylvania
Department of Environmental Protection, Harrisburg, PA, United States,
3Pennsylvania Department of Environmental Protection, Allentown,

PA, United States, “Fairfax County Department of Health, Fairfax, VA,
United States, °Virginia Department of Health, Richmond, VA, United
States, °Norfolk Department of Public Health, Norfolk, VA, United States,
’University of lllinois, Urbana-Champaign, IL, United States, éUniversity
of South Carolina, Columbia, SC, United States, °Maine Medical Center
Research Institute, Portland, ME, United States, °Tennessee Department
of Health, Nashville, TN, United States, ""Memphis and Shelby Co.
Department of Health, Memphis, TN, United States, "?Universite du
Quebec a Trois-Rivieres, Trois-Rivieres, QC, Canada

To determine whether the genetic diversity of mosquito vectors of West
Nile virus is more structured along a north-south (N-S) than an east-west
(E-W) axis in eastern North America, we reared Culex pipiens families from
egg rafts taken in nine sites along both axes in 2005 and have analyzed
them using 12 microsatellite markers. The N-S axis included mosquitoes
from Quebec through South Carolina, while the E-W axis included those
from Illinois through Massachusetts. PCR-based protocols were applied
to individual mosquitoes and processed further by a DNA sequencer.
The copulatory structures of six male mosquitoes from each family were
examined. In 2005, genetic differentiation (F,;) based on partial data
from populations along the N-S axis of our samples was 0.09, exceeding
0.04 which represented populations at the E-W extremes. In 2004, F;
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between the N-S populations was 0.086, greatly exceeding 0.02 for E-W
populations. Although genetic differentiation differs somewhat from year
to year, Cx. pipiens populations are more structured along a N-S than an
E-W axis.

DAILY TEMPERATURE PROFILES IN AND AROUND WESTERN
KENYAN LARVAL HABITATS OF ANOPHELES GAMBIAE AS
RELATED TO EGG MORTALITY

Juan Huang', Edward D. Walker', John Vulule?, James R. Miller!

'Michigan State University, East Lansing, M, United States, ?Michigan
State University, Kenya Medical Research Institute, Kenya

Small batches of eggs from Anopheles gambiae mosquitoes collected in
houses near Kisian, Kenya and from the Kisumu laboratory strain were
bathed for 10 min in water whose temperature was precisely controlled.
Separate treatments varied in 1° increments from 40 - 48 °C. Hatchability
was normal (> 70%) at exposure temperatures < 41°C. For wild eggs,

a slight but significant increase in mortality occurred upon brief heating
between 42 - 44°C. Few eggs hatched after 10 min at 45°C and none
hatched above this temperature. A very similar pattern occurred for

the Kisumu laboratory eggs, except it was shifted downwards by 1°C.
Varying exposure times proved egg mortality was time-dependent above
40°C; few eggs survived 2 h of exposure at 42 °C, and none survived 1

h of exposure at 43 °C. Thus, the upper limit of temperature immunity
for these eggs was 40° C. Daily temperature profiles were recorded by

an infrared thermometer on seven different days in and around three
types of typical An. gambiae larval habitats at Kisian: puddle in a maize
drainage ditch, puddle in road, and borrow pit. Temperatures of water
never exceeded 35°C. Wet or damp mud rarely and only briefly exceeded
40° C; thus, water and mud would be highly conducive to egg survival
and development. However, dry soils frequently reached 40 - 50°C for
several h. Eggs stranded on dry surfaces would experience substantial
mortality on hot, sunny days, due likely to protein denaturation. Therefore,
soil temperature (and indirectly hydration) is critical to An. gambiae egg
survival.

AN EXTRACELLULAR METALLOPROTEASE EXPRESSION IN
AEDES AEGYPTI: ROLE IN BLOOD DIGESTION, MIDGUT
MATRIX REMODELING, EGG HATCHING, AND IMMUNITY

Tomasz Szatanek, Mohammed Shahabuddin

Infectious Disease Group, Department of Biology, Boston College,
Chestnut Hill, MA, United States

Blood feeding induces many genes in mosquito midguts. These are
mostly serine proteases involved in digestion of the ingested blood
components. The mosquito genome also has a set of metalloproteases,
the biological functions of most of which remain unknown. To identify
and characterize these metalloprotease genes expressed in Ae. aegypti,
we created a unique cDNA library using mRNA extracted from blood-fed
midguts after food has been completely digested. The retroviral vector
(pLPCX) library was useful in screening in a variety of eukaryotic cells.
Here we report full-length cDNA sequence of a gene that codes for a
metalloprotease, expressed in the midgut of Aedes aegypti. The predicted
open reading frame (ORF) codes for a 29 kD protein. A 21 amino acid
signal peptide and absence of transmembrane domain or GPI anchor,
indicated that the protein is secreted. Amino acid sequence homology and
phylogenetic analysis classified the protein as a member of Matrix Metallo
Proteases (MMPs) from various blood-feeding and non-blood-feeding
arthropods. The analysis also predicted that the protein is a zymogen,
and is activated by enzymatic cleavage of a 37 amino acid propeptide
from the N-terminus. Suitably spaced four Cys residues indicated that

the protein is stably folded by two disulfide bonds. Arrangements of
three His residues in mature polypeptide suggested Zinc ion is required
for enzymatic activity of the mature protein. Analysis of temporal and
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spatial gene expression profiles indicated the gene is not expressed in early
stages of development, with virtually no expression in larvae and pupae.
High-level expression in female midguts indicated the gene is involved in
blood digestion. The presentation will discuss the enzyme’s role in blood
digestion and remodeling of extracellular matrix due to the stress caused
by blood ingestion. It will also describe the gene’s role in egg hatching and
immunity against infection.

ENTOMOLOGIC AND SMALL MAMMAL STUDIES
FOLLOWING A LA CROSSE ENCEPHALITIS OUTBREAK IN
TRANSYLVANIA COUNTY, NC 2005

Brian D. Byrd', Michael D. Stuart?, Parker B. Whitt?, Eugene E.
Powell?, Dawn M. Wesson', Bruce A. Harrison?

"Tulane University, New Orleans, LA, United States, *University of North
Carolina at Asheville, Asheville, NC, United States, *North Carolina
Department of Environmental and Natural Resources, Public Health Pest
Management, Winston-Salem, NC, United States

A La Crosse encephalitis (LACE) outbreak was reported in Transylvania
County, North Carolina during the fall of 2005. Focused entomologic and
small mammal surveys were performed at or near case residences during
September and October of that year. Aedes albopictus and Ochlerotatus
Japonicus were the two most abundant species, accounting for 89%

of the total collections. Ochlerotatus triseriatus adults were present in

low numbers (n=25) and represented only seven percent of the total.
Small mammals were collected from three case residences to obtain La
Crosse virus (LACV) seroprevalence data. Sera from 19 sciurid mammals
(e.g., eastern gray squirrels and chipmunks) were screened for LACV
neutralizing antibodies. Preliminary results suggest enzootic transmission
of LACV occurred at the LACE case residences. The results of pending
plaque-reduction neutralization tests (La Crosse, Keystone and Jamestown
Canyon viruses) and cytochrome B blood meal analyses of blood-engorged
mosquitoes will be included. The implications of these data and the

need for future studies addressing the role of Oc. japonicus in LACV
transmission will also be discussed.

MALE SPERM CAPACITY AND MATING BIOLOGY OF THE
DENGUE VECTOR, AE. AEGYPTI

Laura C. Harrington, Alongkot Ponlawat, Constantianus J.
Koenraadt

Cornell University, Ithaca, NY, United States

Understanding mosquito mating biology is essential for studies of
mosquito behavior, genetics, population structure, and genetic control.
We investigated baseline parameters of the mating biology of the
dengue mosquito, Aedes aegypti. The effect of age and body size on
spermatozoa number in several strains of Ae. aegypti was examined.
Spermatozoa number in Ae. aegypti males increased significantly up to
10 days after emergence and leveled off until 20 days old. Body size was
a major predictor of total spermatozoa number with the total number of
spermatozoa in male reproductive organs significantly greater in large vs.
small males within the same age group. Body size effects on insemination
rates and other aspects of mosquito mating biology will be presented.

GROWTH AND DEVELOPMENT OF ANOPHELES GAMBIAE IN
MOVING WATER

James R. Miller, Juan Huang', Piera Giroux', Nabie Bayoh', John
Vulule?, Edward Walker’

'Michigan State University, E. Lansing, MI, United States, ?’Kenya Medical
Research Institute, Kisumu, Kenya

Growth, development, and successful eclosion of larvae from Anopheles
gambiae house-caught near Kisian, Kenya were measured in 35 cm diam.
basins where water was either still or propelled with a large stir-bar at

ca. 10 cm/sec. Production of adults held in Lake Victoria water changed
every morning was equal to that for water from puddles characterized

as typical An. gambiae habitat. River water produced few and smaller
adults, however, larvae were capable of living in river water for > 12 days.
Slow to moderate stirring did not reduce adult productivity significantly.
Collectively, these findings challenge the idea that this important vector of
malaria cannot exploit moving water as habitat.

HOST CHOICE IN MOSQUITOES COLLECTED IN A PERI-
URBAN AREA OF WESTERN TENNESSEE, 2002-2003

Charles S. Apperson’, Hassan K. Hassan?, Emily Gordon?, Deepak
Aggarwal?, Emily A. Unnasch?, Michael Anderson?, Thomas R.
Unnasch?

'North Carolina State University, Raleigh, NC, United States, *University
of Alabama at Birmingham, Birmingham, AL, United States, 3Centers for
Disease Control and Prevention and Prevention, Fort Collins, CO, United
States, “Memphis/Shelby County Vlector Control, Memphis, TN, United
States

The source of bloods meals in over 2,000 blooded mosquitoes collected
from February, 2002 through November 2003 in Shelby County,
Tennessee, in and around the city of Memphis were determined. Members
of the genus Culex and Anopheles quadrimaculatus, predominated in
the collections. Members of the Culex pipiens L complex mosquitoes

and Culex restuans were found to feed predominately upon avian hosts,
though mammalian hosts made up a substantial proportion of the blood
meals in these species. No significant difference was seen in the host
classes in mosquitoes classified as Cx. pipiens, Cx. quinquefaciatus or
hybrids between these species. An. quadrimaculatus and Culex erraticus
fed primarily upon mammalian hosts. Three avian species (the American
Robin, the Common Grackle and the Northern Cardinal) made up the
majority of avian derived blood meals identified, with the American Robin
representing the most preferred avian host. The American Robin, Field
Sparrow, House Finch and Grey Catbird were represented in the blood
meals at frequencies greater than predicted based upon abundance or
abundance corrected for body size or surface area. A temporal analysis
of the feeding patterns of the major Culex species did not support a shift
in feeding behavior away from robins to mammals late in the summer.
However, a significant degree of temporal variation was noted in the
proportion of robin-derived blood meals when the data were analyzed by
semi-monthly periods throughout the summers of 2002 and 2003. This
pattern was consistent with the hypothesis that the mosquitoes were
preferentially feeding upon fledglings.
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CHARACTERIZATION OF ANOPHELES GAMBIAE HABITATS IN
MALI AND CAMEROON

Mahamoudou B. Toure', Rian Sigrid?, Levine Paul?, Lozano Saul?,
Doumbia Seydou', Xue Yongkang?, Traore Sekou F', Taylor Charles
EZ

'Faculte de Medecine, Pharmacie et d’odontostomatologie, Bamako, Mali,
2University of California Los Angeles, Los Angeles, CA, United States

Projects investigating the potential for genetic malaria control strategies
require a good understanding of the population structure and habitat
characteristics of wild mosquitoes. Broad patterns of spatial variation for
gene arrangements in the malaria vector, Anopheles gambiae, suggest
association with certain habitat types. We have been investigating how
to make those characterizations more precise. Using a remote sensing
approach incorporating an intensive ground reference strategy, a new 500
m MODIS classification product of Mali, West Africa has been developed
for use in analysis of genotype frequencies in the study of gene flow
within and between populations of An. gambiae. The new product
serves as a verification and substantial refinement over existing land
cover maps of the region, and was produced using 550 ground control
points collected across Mali between 2003 and 2005. Ground reference
incorporated vegetation structure analysis, Leaf Area Indices (LAI)
measurement, and soil measurement at selected locales to increase the
environmental representation of the study area. The ground referencing
was carried out concurrently with collections of genetically distinct
specimens of An. gambiae, and the resulting product allow for advanced
characterization and analysis of the relationship between environmental
variables and the geographic distribution of An. gambiae populations.
We have recently begun to extend this study to include Cameroon,

in Central Africa, with the hopes that information from a region with
substantial ecological and climatic divergence from Mali will enable results
to be extended across a continental scale. At this time, the product is
being developed using data from 120 ground control points collected in
Cameroon, and will be refined as future field campaigns yield additional
ground reference data.

CO-OCCURRENCE OF “EAST” AND “WEST"” AFRICAN KDR
MUTATIONS IN ANOPHELES GAMBIAE S-FORM (DIPTERA:
CULICIDAE) IN WEST AFRICA

Federica Santolamazza', Maria Calzetta', Giancarlo Carrara’,
Ibrahima Dia?, Marta Moreno?, Filomeno Fortes*, Adalgisa
Caccone®, Vincenzo Petrarca®, Martin J. Donnelly’, Joao Pinto®,
Alessandra della Torre’

'Parasitology Unit, Department Public Health Sciences, University “La
Sapienza”, Rome, Italy, ?Institut Pasteur, Unit of Insects and Infectious
Diseases, Dakar, Senegal, *Centro Nacional de Medicina Tropical,

Instituto de Salud Carlos Ill, Madrid, Spain, “Ministry of Health, National
Program of Malaria Control, Luanda, Angola, *Department of Ecology
and Evolutionary Biology, Yale University, New Haven, CT, United States,
%Department Genetics and Molecular Biology, University “La Sapienza”,
Rome, Italy, ”Viector Research Group, Liverpool School of Tropical Medicine,
Liverpool, United Kingdom, éCentro de Malaria e outras Doencas Tropicais,
Instituto de Higiene e Medicina Tropical, Universidade Nova de Lisboa,
Lisboa, Portugal

Knock-down resistance (kdr) to DDT and pyrethroids in Anopheles
gambiae s.s. is associated with two alternative point mutations at
amino acid position 1014 of the voltage-gated sodium channel gene,
resulting into either a Leucine-Phenylalanine (“kdr-west"”), or a Leucine-
Serine (“kdr-east”) substitution. The former mutation is widespread in
S-form populations from West Africa and has been recently reported
from Uganda. The latter substitution was originally recorded in Kenya
and has recently been found in Uganda, Gabon, and Cameroon. We
here report the results of the genotyping of the kdr locus from several
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S-populations collected in Senegal (2001), Burkina Faso (2000), Ivory
Coast (1998), Benin (2002), Nigeria (2001), Equatorial Guinea (2004),

and Angola (2002-03). The samples have been identified to molecular
form by PCR-RFLP. The kdr-genotypes have been determined using the
HOLA approach and confirmed by sequencing. The “kdr-west” allele was
found in all populations analyzed with frequencies ranging from 2% to
100%. Interestingly, both resistance alleles were observed in samples from
Equatorial Guinea (Ngonamanga: (N= 12; kdr-west= 20.8%; kdr-east=
25.0%), and north western Angola (Cabinda: N=60; kdr-west= 16,7%;
kdr-east=30,8%; Kikudo: N=53; kdr-west= 1,9%; kdr-east=1,0%). In all
these samples the kdr-genotypes were in Hardy-Weinberg equilibrium.
The presence of the kdr-east allele in the S-populations from Angola

and Equatorial Guinea shows that this allele is more widespread in West
Africa than previously thought. It is also worth noting that the populations
collected in the two villages of Angola showed different frequencies of
both resistance alleles, in spite of the fact that they were less then 100 km
apart and seem to be in similar ecological conditions. The implications of
the above findings will be discussed.

DEVELOPING A LOW COST REPELLENT TO REDUCE MALARIA
IN THE AMERICAS - RESULTS OF TWO FIELD TRIALS IN
GUATEMALA AND PERU

Sarah Moore', Samuel T. Darling?, Moises Sihuincha?, Gregor J.
Devine*

"London School of Hygiene and Tropical Medicine, London, United
Kingdom, 2Puerta del Cielo Foundation, Vancouver, BC, Canada,
3Direccion de Salud (DISA) de Loreto, Iquitos, Peru, “Rothamsted Research,
Harpenden, United Kingdom

Some major malaria vectors in South America exhibit reduced susceptibility
to insecticides and a tendency to bite both inside and outdoors, early

in the evening before people retire under bednets. The use of an insect
repellent in the early evening may therefore provide significant protection
against malaria. The greatest hindrance to the wider use of insect
repellents in Latin America is their cost and, to address this issue, a low-
cost (a projected $ 0.045 per day in Peru) insect repellent was developed
that reduces the proportion of costly actives by combining them with
inexpensive oil-based fillers and fixatives. This combination extends the
effective period of the repellent by slowing the evaporation of repellent
volatiles. The repellent chosen was a mixture of p-Menthane-diol (PMD)
and lemongrass oil (LG), two actives that are derived from plant sources
and considered more acceptable than DEET to many rural people in Latin
America. To test the efficacy of this repellent two trials were staged - one
on the Pacific coast of Guatemala and one in the Peruvian Amazon.

Each test was a balanced human-landing design in which the repellent(s)
were compared with a positive control (DEET) and a negative control. In
the Guatemalan trial, mosquito fauna comprised 19 species, including
local malaria vectors, with a biting pressure of >100 landings/hour. The
three PMD+LG repellents provided >98% protection for five hours after
application. The 15% DEET control provided significantly lower protection
at 93.67% (p<0.0001). In the Peruvian trial, 18 species of mosquito fauna
were collected, but 86% of all collections were Anopheles darlingi, with
a biting pressure of >46 landings/hour. The PMD+LG repellent provided
>96% protection for six hours after application. The 20% DEET control
provided significantly lower protection at 63.63%.
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SPATIO-TEMPORAL VARIATIONS IN THE DISTRIBUTION
OF ANOPHELINE LARVAL HABITATS IN WESTERN KENYA
HIGHLANDS

Stephen Munga', Emmanuel Mushinzimana?, Noboru
Minakawa3, Goufa Zhou?, Joash Okeyo-Owuor®, Andrew
Githeko', Guiyun Yan*

'Kenya Mediical Research Institute, Kisumu, Kenya, *Kenya Medical
Research Institute-NUITM, Nairobi, Kenya, *Nagasaki University, Institute
of Tropical Medicine, Nagasaki, Japan, “University of California, Irvine,
California, CA, United States, *Moi University, Eldoret, Kenya

We investigated the spatio-temporal variations in the distribution of
anopheline larval habitats in western Kenya highlands over a 4-yr period
in relation to changes in land use. The distribution of Anopheles gambiae
complex larvae were mainly confined to valley bottoms both during dry
and wet season. Larvae of A. gambiae were frequently found in farmlands
and the other man-made habitats in the areas where riparian forests

had been cleared and natural swamps turned into farms, while larvae of
A. funestus were mainly found in permanent habitats. The association
between land cover type and occurrence of anopheline larvae was
statistically significant. The distribution of anopheline positive habitats
varied significantly between the months over the study period. Mean
density of A. gambiae larvae was significantly higher during the month

of May 2004 compared to the other months. Similarly, the density of A.
funestus was significantly higher during the month of February 2004
compared to the other months. Over the 4-yr period, land use and land
cover (LULC) major changes affected 3.13 out of 13,493.00 ha, mostly in
the valley bottoms. From the overall changes, 31%, 19%, 19% and 17%
occurred into pastures, forest, shrubs and farms respectively. The reversal
of LULCs into farmland and pastures constitutes 71% and 18% of the
changes. Land cover under farmland increased by 0.3% while that under
pasture and natural swamps decreased by 0.8% over the 4-yr period. The
area under forest cover decreased by 0.5%. These results suggest that
land use changes in the study area influence the distribution of anopheline
larval habitats and consequently malaria transmission in western Kenya
highlands.

HOST MORTALITY AS AN EPIDEMIOLOGIC MECHANISM OF
THE NEW WORLD SUCCESS OF WEST NILE VIRUS

Ivo M. Foppa

Arnold School of Public Health, University of South Carolina, Columbia,
SC, United States

West Nile virus (WNV) currently is the most important and most
widespread cause of mosquito-borne disease in North America.
Widespread WNV-associated mortality among wild birds, especially corvids
contrasts with the absence of avian mortality during WNV outbreaks

in the Old World. | demonstrate that WNV-associated mortality in birds
may facilitate the ongoing WNV outbreak in North America by increasing
the force of transmission (infectivity per infected bird) and by preventing
the accumulation of immune hosts. This epidemiologic mechanism

is illustrated by simple quantitative arguments and by computer
simulation. | will present an analysis of these observations in the context
of WNV epidemiology in North America and in Central Europe and the
Mediterranean.

WEST NILE VIRUS INFECTION IN MOSQUITOES IN THE MID-
SOUTH USA, 2002-2005

Hassan K. Hassan', Eddie W. Cupp?, Xin Yue?, William K.
Oldland?, Bruce M. Lilley', Thomas R. Unnasch'

'University of Alabama at Birmingham, Birmingham, AL, United States,
2Auburn University, Auburn, AL, United States, *Tennessee Valley Authority,
Muscle Shoals, AL, United States

West Nile Virus (WNV) was first detected in the Tennessee Valley and

in Alabama in August, 2001. In the summer of 2002, intensive viral
activity was seen, but in subsequent years viral activity settled into a more
endemic pattern. Here, we report the results of an extensive analysis

of viral activity in the endemic mosquito fauna in the Mid-South from

the period spanning 2002 (when the first viral activity in mosquitoes

was detected) through 2005. Eight mosquito species were confirmed as
infected with WNV during 2002. However, viral activity was only detected
in four species (Culex salinarius, Culex erraticus, Coquillettidia perturbans
and Aedes vexans) in multiple years. The greatest number of positive
pools were identified in Culex erraticus and Cx. salinarius. Despite being
specifically targeted for collection, Aedes albopictus was only found to be
infected during the epidemic year of 2002, suggesting that under endemic
transmission conditions its role as a bridge vector in the region may not
be significant. Virus positive pools of Cx. erraticus were identified from
hibernating mosquitoes and early season collections in 2005, implicating
this species in over-wintering of the virus in Alabama. Molecular analysis
of individuals initially identified as members of the Culex pipiens L complex
suggested that alleles characteristic of Cx. pipiens predominated in
mosquitoes collected in Huntsville, AL, while alleles in the Auburn, AL
population were predominately characteristic of Cx. quinquefaciatus.

The sympatric zone between the two species thus appears to be located
primarily between Huntsville and Auburn, a distance of 160 miles.

PRELIMINARY MICROARRAY ANALYSIS FOR THE
IDENTIFICATION OF DENGUE-REFRACTORINESS CANDIDATE
GENES IN MOSQUITO VECTORS

Consuelo Gomez-Machorro, Brent Harker, Diane Lovin, Becky
deBruyn, Jeanne Romero-Severson, David W. Severson

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

Aedes aegypti is the primary vector for the yellow fever and dengue fever
viruses; it is also an excellent laboratory model for investigating other
mosquito borne diseases. In this report we present preliminary results

of our efforts to identify genes that are differentially regulated in Ae
aegypti in response to exposure to Dengue-2 JAM1409 virus between
two laboratory strains: DS3 (susceptible) and Moyo-In-Dry (refractory).
Our microarray platform consists of spotted PCR amplicons representing
~9,500 unique cDNAs identified as part of the Ae. aegypti whole-genome
sequencing project. Two point times were examined for this initial study:
three hours and three days post feeding on both dengue-infected and
uninfected blood meals. Transcriptional differences were evaluated in
midgut tissues. Using stringent criteria, we identified twenty-eight genes
at three hours and twelve genes at three days that showed significant
differential expression between the DS3 and Moyo-In-Dry strains. Pending
release of the annotated Ae. aegypti genome sequence will facilitate
identification of putative gene functions. In addition, gRT-PCR validation
of our microarray results will be presented. Additional experiments are
ongoing to examine a more detailed time course following an infected
blood feeding, and the potential for dengue serotype-specific gene
response by the mosquito. Our goal is to identify clusters of co-expressed
genes up- or down-regulated at different time points in response to the
virus and correlate this response with dengue vector competence.
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A GEOGRAPHICAL SAMPLING STRATEGY FOR FIELD
SURVEYS IN AN URBAN AREA USING HIGH-RESOLUTION
SATELLITE IMAGERY

Adriana Troyo', Douglas O. Fuller?, Olger Calderon-Arguedas?,
John C. Beijer*

'Global Public Health Program, Department of Epidemiology and Public
Health, University of Miami, Coral Gables, FL, United States, 2Department
of Geography and Regional Studies, University of Miami, Miami, FL,
United States, *Centro de Investigacion en Enfermedades Tropicales,
Departamento de Parasitologia, Facultad de Microbiologia, Universidad
de Costa Rica, San Jose, Costa Rica, “Global Public Health Program,
Department of Epidemiology and Public Health, University of Miami,
Miami, FL, United States

Field evaluations for studying the epidemiology of vector-borne diseases
like dengue in urban areas are often restricted to selection of households
and buildings for field surveys. Therefore, the resulting sampling frame
may exclude specific locations within the urban environment that contain
vector habitats and thus may bias the results. A sampling strategy was
developed for field surveys in an urban area using high-resolution satellite
imagery. The site selected was Puntarenas, a city affected by dengue on
the pacific coast of Costa Rica, for which high-resolution satellite imagery
was available from the Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER, 15 m spatial resolution) and QuickBird
(0.6 m and 2.4 m spatial resolution for panchromatic and multispectral
bands, respectively). Grids obtained from the ASTER imagery and a cover
map generated from the QuickBird multispectral bands were used to
determine the optimal grid area of 100 km?, which contain 13+6 houses.
A final grid 42 by 42 pixels (100.8 x 100.8 m) was created using the
multispectral Quickbird imagery, and cells that had an area less than 90%
within one specific locality of Puntarenas were excluded. The remaining
cells were grouped according to locality and a random sample (10%)
was selected from each. These cells would be used for field sampling of
mosquitoes and larval habitats by evaluating the entire area within the
geographical limits of each cell. To assess the suitability of the selected
grid cells, the proportion of tree area (“tree” class Kappa = 0.91) was
extracted for the individual cells from the QuickBird cover map. The mean
percentage of tree cover in each locality and total area was compared
between the selected sample cells and the total cells of the Puntarenas
image. Overall, the sample adequately represented the total area and most
of the individual localities in terms of tree cover. In 8 of 10 localities the
difference between the estimate (sample) and the real percentage of tree
cover was less than 3%. These results show that high-resolution satellite
imagery and geographical information systems are useful in evaluating
urban areas and selecting sections for field sampling of larval and adult
mosquitoes that are practical, representative, and will reduce bias.

SPATIAL ANALYSIS OF SPILL-OVER EFFECTS OF INSECTICIDE-
TREATED MATERIALS IN A CLUSTER-RANDOMIZED TRIAL
AGAINST AEDES AEGYPTI MOSQUITOES IN TRUJILLO,
VENEZEULA

Neal Alexander', Audrey Lenhart?, Elci Villegas®, Michael Levy?,
Rana Moyeed®, Axel Kroeger®, P. J. McCall?

"London School of Hygiene and Tropical Medicine, London, United
Kingdom, 2Liverpool School of Tropical Medicine, Liverpool, United
Kingdom, *Universidad de los Andes, Trujillo, Vienezuela, “Emory University,
Atlanta, GA, United States, *University of Plymouth, Plymouth, United
Kingdom, *World Health Organization/TDR, Geneva, Switzerland

A cluster-randomized trial of insecticide-treated curtains and water
jar covers against Aedes aegypti mosquitoes was done in Truijillo,

NW Venezuela. Entomological indices declined from baseline in both
intervention and control clusters. Control houses positive for Aedes at
baseline were more likely to be negative one month later if they were

within 50m of an intervention house. The results were interpreted as the
intervention’s effect ‘spilling over’ from intervention to control clusters.
Here we extend the analysis to a) use the number of positive containers
per house as the outcome (Breteau Index, Bl), b) include the effect of all
intervention houses, rather than only the nearest one, c) directly estimate
the scale of spill-over effect, and d) estimate the difference between
intervention and control arms. The study area extended 1.4km north-south
and 0.8km east-west. No buffer areas were used, and most of the 18
clusters were separated by less than 10m from their nearest neighbouring
cluster. The median cluster extent was 119m north-south, and 167m east-
west. In the baseline survey of 1091 houses, the between-house spatial
correlation of Bl was estimated to reduce by half over a distance of 110m:
similar to the cluster dimensions. At the final follow-up, 9 months after
baseline, 730 houses were surveyed. Preliminary results from the spatial
model estimate an 18% reduction in Bl in intervention versus control arm
(95% ClI 58% reduction to 14% increase). The intervention effect was
estimated to reduce by half over a distance of 8.7m (95% CI 0.5-20m).
This implies that the decrease in Bl in an intervention house is the same
as, for example, the decrease in Bl in a control house within 8.7m of 2
intervention houses, or within 17.4 meters of 4 intervention houses. Mass
effects of this magnitude would be important in areas of high housing
density, especially in the likely circumstance that not all houses in an
intervention area deploy the intervention correctly or at all.

THE IMPACT OF ENVIRONMENTAL CHARACTERISTICS

AND ENGINEERED SYSTEMS ON ANOPHELINE LARVAL-
PREVALENT WATER BODIES IN THE URBAN COMMUNITY OF
MALINDI, KENYA

Daniel E. Impoinvil', Robert Duncan', Rinku Roy Chowdhury',
Joseph Keating?, Chris Hanson', Gabriel Cardenas’, Charles M.
Mbogo?, John I. Githure*, John C. Beier'

"University of Miami, Miami, FL, United States, ?Tulane University, New
Orleans, LA, United States, *Kenya Medical Research Institute (KEMRI),
Kilifi, Kenya, “International Centre of Insect Physiology and Ecology (ICIPE),
Nairobi, Kenya

Environmental characteristics and municipal-engineered systems were
studied to determine their impact on anopheline prevalence in urban
water bodies in the urban community of Malindi, Kenya. Previously
collected spatial, entomological, environmental, and municipal-
engineering data were used to evaluate the dynamics of malaria vector
propagation in urban Malindi. Logistic regression analyses were done

to determine, the associations between environmental features and
engineered systems on the one hand, and anopheline larval-prevalent
water bodies on the other hand. Statistical interactions were also tested.
The probability of finding anopheline larvae in water bodies was found
to be significantly affected by engineered systems, specifically distance to
water system, after controlling for environmental variables. The presence
of culicine larval mosquitoes was also found to increase the probability
of finding anopheline larval mosquitoes in urban water bodies. Two
significant statistical interactions were identified: 1) water body size by
culicine larvae presence, and 2) water body substrate type by distance

to piped water system. This suggests that regression models that only
examine main predictor effects may obscure complex relationships
between predictor variables and outcome variables; in particular, those
analyses that attempt to evaluate the impact of ecological variables on
entomological variables. Engineered systems, such as water systems, have
impacts on the presence of mosquitoes, but further studies are needed to
evaluate the mechanisms by which they reduce mosquito burden. These
results should guide mosquito control efforts in developing countries.
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ORIGIN OF BLOOD MEALS IN INDOOR RESTING MALARIA
VECTORS IN A RICE IRRIGATION SCHEME IN EASTERN KENYA

Charles M. Mbogo’, Josephat I. Shililu?, Joseph G. Nzovu', John
Githure?, Robert J. Novak?

'KEMRI, Kilifi, Kenya, ?*International Centre of Insect Physiology and
Ecology (ICIPE), Nairobi, Kenya, >lllinois Natural History Survey, Champaign,
IL, United States

Blood meals were obtained from indoor resting malaria vectors in five
villages in a Rice Irrigation Scheme in Eastern Kenya and tested by
sandwich ELISA to determine host preferences and their human blood
index (HBI). A total of 2,286 Anopheles arabiensis and 145 An. funestus,
were collected and tested. Overall, the enzyme-linked immunosorbent
assay (ELISA) identified 95 and 100% of the samples tested in An.
gambiae s.|. and An. funestus, respectively. Of these, human IgG was
detected in 73.5% (n = 1,595) of An. arabiensis and 100% (n = 145) of
An. funestus. Most indoor females of An. arabiensis had fed on cows
(24.3%) and 2.2% on goats. Indoor-collected female Anopheles funestus
had maily fed on people (100%), but taken at least some of their blood
(33.3%) from goats. In all the 5 villages that had blood fed mosquitoes,
An arabiensis had a human Index less than 0.8, except Mbui Njeru where
the HBI exceeded 0.95. The Plasmodium falciparum sporozoite infection
rates were 0.5% for An. arabiensis and 2.8% for An funestus. These
results emphasize that An. funestus is highly anthropophilic, while An.
arabiensis is a mixed feeder and moderately anthropophilic. The results
further demonstrated active transmission of P. falciparum sporozoites by
the primary vector species. This study suggests that the use of insecticide-
treated nets will be effective for controlling biting mosquitoes inside
houses in the rice irrigation Scheme of Eastern Kenya.

BRANCHING PROCESS MODEL FOR THE EARLY STAGES OF A
TRANSPOSON INVASION IN A DIPLOID POPULATION

John M. Marshall
University of California at Los Angeles, Los Angeles, CA, United States

A continuous-time multi-type branching process is investigated to model
the early stages of invasion of a transposable element in a diploid host
population. The model assumes (1) in the early stages of element spread
the number of organisms carrying the transposable element is small and
hence all matings involve at least one host not carrying the element, (2)
replicative transposition rate decreases dependent on the number of
transposable elements within each host, and (3) the fitness of each host
decreases with the number of transposable elements it contains. These
assumptions are used to determine whether the branching process is
subcritical, critical or supercritical, and hence under what conditions the
transposable element has a nonzero probability of reaching a nontrivial
equilibrium frequency in the host population. Extinction probabilities

are calculated for the element under a variety of conditions. The host
population is shown to be significantly more receptive to the invasion of a
new element during periods of modest population growth. The model has
the benefit of being analytically tractable while still having the stochasticity
of a Markov chain. It is also applicable to diploid hosts whose genomes
are often analyzed for the presence of transposable elements, such as
Drosophila melanogaster. The model is applied to the hypothesized

use of a transposable element to drive an effector gene into a diploid

host population, and specifically to drive an antimalarial gene into an
Anopholes gambiae mosquito population. The model favors a transgenic
release immediately following the dry season when the An. gambiae

host population begins to grow. Following a hypothetical release, the
expected number of infected hosts is calculated after one cycle of seasonal
population growth and decline. Recommendations are made regarding
the characteristics required for the transposable element to prosper
throughout this cycle and how these vary as the number of transgenic
hosts released is altered.

TREATMENT OF NEOSPORA CANINUM AND GIARDIA
INTESTINALIS WITH NITAZOXANIDE AND OTHER
THIAZOLIDES INTERFERES IN FUNCTIONAL ACTIVITIY OF
PROTEIN DISULFIDE ISOMERASE

Andrew Hemphill, Marco Esposito, Joachim Mueller, Norbert
Mueller

University of Berne, Berne, Switzerland

The thiazolide nitazoxanide (2-acetolyloxy-N-(5-nitro 2-thiazolyl)
benzamide; NTZ) exhibits a broad spectrum of activities against a wide
variety of intestinal and tissue-dwelling helminths, protozoa, and enteric
bacteria infecting animals and humans. The drug has been postulated to
act via reduction of its nitro group by nitroreductases including pyruvate
ferredoxin oxidoreductase (PFOR). In this study, we investigated the
efficacies of NTZ and other thiazolides on Neospora caninum tachyzoites
in vitro. We employed real-time PCR-based monitoring of tachyzoite
adhesion, invasion and intracellular proliferation, and the studies were
complemented by TEM. We also investigated 29 modified versions of
NTZ. These modifications included the replacement of the nitro group on
the thiazole ring with other functional groups, with the goal of rendering
this class of drugs applicable for use in food animals, and the differential
positioning of methyl groups on the salicylate ring. We show that the
thiazole-associated nitro group is not necessarily required for the action
of NTZ, and that methylation of the salicylate-ring at the ortho-position
can result in complete abrogation of the anti-parasitic activity against N.
caninum. These findings clearly indicate the presence of alternative or
other targets than PFOR, and that not the thiazole- but the benzene ring
is important in interacting with these targets. By affinity chromatography
of N. caninum extracts on epoxy-agarose-coupled drugs, we identified N.
caninum protein disulfide isomerase (NcPDI) as a NTZ-binding protein, and
thus as a potential target. NcPDI was functionally expressed in E. coli, and
indeed those thiazolides that are active against N. caninum also impair
the functional activity of NcPDI in vitro. Similar results were obtained

for Giardia intestinalis, which expresses 5 PDI-isoforms, of which we
demonstrated that GIPDI2 and GIPDI4 are funtionally inhibited by a range
of thiazolides. These results suggest, that PDIs represent important targets
for NTZ and other thiazolides in both intracellular as well as extracellular
protozoan parasites. We have now generated NTZ-resisitant G. intestinalis
clones, which are being analyzed for differential protein expression. These
studies will provide further insights into the mechanisms of action of
thiazolides against protozoan parasites, as well as on the molecular basis
of drug resistance.

AN IN-VITRO THREE DIMENSIONAL CULTURE MODEL OF
ENTAMOEBA HISTOLYTICA

Luis F. Barroso, Carol A. Gilchrist, Richard L. Guerrant
University of Virginia, Charlottesville, VA, United States

Entamoeba histolytica is a major cause of colitis among returning travelers
and is endemic in third world countries. Three d