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INTRODUCTION:Malaria remains adevastat-
ing disease, affecting 216 million people annu-
ally, with 445,000 deaths occurring primarily in
children under 5 years old.Malaria treatment
relies primarily ondrugs that target the disease-
causingasexualbloodstages (ABS)ofPlasmodium
parasites, the organisms responsible for human
malaria. Whereas travelers may rely on short-
termdaily chemoprotective drugs, those living in
endemic regions require long-termmalaria pro-

tection such as insecticide-treated nets (ITNs)
and vector control. However, ITNs do not fully
shield individuals from malaria, may lose po-
tency with time, and can be bulky and difficult
to use. Another concern is that mosquitos may
become resistant to the active insecticides that
are used in ITNs and vector control.

RATIONALE: As the possibility of malaria
elimination becomesmore tangible, the ideal

antimalarial medicine profile should include
chemoprotection. Chemoprotectivemedicines
typically work against the exoerythrocytic par-
asite forms that invade and develop in the liver
andare responsible for the earliest asymptomatic
stage of the infection. Suchmedicines could be
formulated to provide long-acting prophylaxis,
safeguarding individuals that are living near or
traveling to areas that have been cleared of

parasites. Long-acting che-
moprotection in endemic
regions could also greatly
reduce circulatingparasite
numbersandpotentially re-
place a vaccine in an elim-
inationcampaign.Although

millions of compounds have been screened for
activity against parasiteABS, and somehavebeen
subsequently tested for potential prophylactic ac-
tivity, large-scale searches thatbeginwithprophy-
lactic activity havenot beenperformedbecauseof
the complexity of the assay: This assay requires
theproductionof infected laboratory-rearedmos-
quitoes and hand-dissection of the sporozoite-
infected salivary glands frommosquito thoraxes.

RESULTS: Todiscover leads fornext-generation
chemoprotective antimalarial drugs, we used
luciferase-expressingPlasmodium spp. parasites,
dissected from more than a million mosquitoes
over a 2-year period, to test more than 500,000
compounds for their ability to inhibit liver-stage
developmentofmalaria (681 compoundsshowed
ahalf-maximal inhibitoryconcentrationof<1mM).
Cluster analysis identified potent andpreviously
unreported scaffold families, as well as other
series previously associatedwith chemoprophy-
laxis. These leads were further tested through
multiple phenotypic assays that predict stage-
specific and multispecies antimalarial activity.
This work revealed compound classes that are
likely to provide symptomatic relief fromblood-
stage parasitemia in addition to providing pro-
tection.Target identificationbyuseof functional
assays, in vitro evolution, or metabolic profiling
revealed 58 mitochondrial inhibitors but also
many chemotypes possibly with previously un-
knownmechanisms of action, somewhichmay
disrupt the host pathogen signaling.

CONCLUSION: Our data substantially expands
the set of compounds with demonstrated activ-
ity against two known targets of chemoprotective
drugs, cytochrome bc1 and dihydroorotate dehy-
drogenase. These present a rich collection of chem-
ical diversity that may be exploited by members
of the community seeking to accelerate malaria
eliminationwith chemoprotection and chemopro-
phylaxis through open-source drug discovery.▪
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A Plasmodium vivax liver-stage schizont on a lawn of hepatocytes. The parasite schizont
has been stained with antibodies to parasite HSP70 (red) and UIS4 (yellow). Cell (parasite
and hepatoma) nuclei are shown in blue. This study identifies compounds that can prevent
the development of these liver-stage parasites and may function as chemoprotective drugs
for malaria.
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