Large-scale manufacturing of a
protective malaria vaccine
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Background

Methods and Results

Problem: Each year, malaria infection causes debilitating disease in
more than 200 million people. More than 500,000 people die each
year from malaria, predominantly children in Sub-Saharan Africa
despite aggressive control and treatment efforts. Most deaths from
malaria are caused by the parasite Plasmodium falciparum, which
requires two hosts to complete its lifecycle: mosquito and man. The
infectious stage to humans is the sporozoite stage, which develops
in mosquitoes and is delivered to humans by mosquito bite. The
sporozoite infects liver cells where it replicates without causing any
symptoms. The parasite then exits liver cells, and infects red blood
cells where it continuously replicates into billions of new parasites.
Infected red blood cells stick to blood vessels and are ultimately
destroyed by the parasite causing malaria symptoms. Currently,
there is no effective vaccine to prevent malaria.

Creation of genetically attenuated parasites is possible through genetic engineering, a recent technology in malaria parasite
biology. This technique enables reliable attenuation of whole parasites and thus provides safety to those vaccinated. Moreover,
in the past decade, scientists have made significant discoveries of malaria parasite development in mosquitoes to the sporozoite
stage. Knowledge of the complex malaria parasite life cycle in the mosquito allows us to recapitulate sporozoite production in a
culture dish, which is the unique solution we propose: using an in vitro culturing system to scale up production of a whole
sporozoite malaria vaccine. The process of producing in vitro sporozoites includes culturing gametocytes through the following
stages: zygotes -> ookinetes -> oocysts -> sporozoites.

A.

Solution: The most promising class of malaria vaccine candidates is
based on weakened (attenuated) sporozoites, such as genetically
attenuated parasites (GAPs). These are weakened parasites that
cannot progress through the liver to the red blood cell stage and,
therefore, elicit immunity without causing any symptoms1. While
GAPs are promising vaccine candidates, a hurdle remains in
obtaining large quantities to vaccinate the billion people in need.
Current methods of vaccination with sporozoites include delivery by
mosquito bite and injection of sporozoites that are isolated from
infected mosquitoes. These methods are not scalable and the latter
is an extremely labor intensive and costly process.
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A) Giemsa stain of an asexual Plasmodium falciparum (Pf) culture containing ring, trophozoite, and schizont stages. B) Giemsa
stain of a gametocyte-enriched culture containing gametocyte stages II, III, and IV. C) Giemsa stain of in vitro produced retort
ookinetes. D) In vitro GFP expressing Pf culture containing oocysts. E) In vitro CSP-GFP culture (GFP expressed under a
sporozoite specific promoter) containing potential sporozoites. Scale bar = 10 mm.

Validation Studies
We will verify functional sporozoites by studying the morphology and behavior of sporozoites
produced in culture and compared to those produced in the mosquito. First, we will study
morphology and behavior by performing microscopy studies to look for the correct size, protein
markers, and other structural components. We will then analyze the motile behavior of sporozoites.
Next, we will study infectivity of the sporozoites using liver cell lines, including primary and
immortalized human liver cells. Finally, we will test the function of sporozoites in a live animal model
by injecting sporozoites into humanized mice, which have humanized livers and human red blood
cells. Presence of the sporozoites within liver cells will indicate normal function of the sporozoites.
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