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Malaria, transmitted by Anopheles mosquito, is endemic in tropical and sub-tropical countries.
Annually, 250 million people are infected and 660 thousand are killed mainly in sub-Saharan
Africa. Majority of victims are children under 5 years old. In addition, in these regions, when
pregnant women became infected with malaria they suffer a serious condition of pregnancy
malaria, that may cause death of mothers and/or low birthweights of infants.

World epidemic regions of 
Malaria tropica
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Infant patients in a malaria clinic 
in Uganda
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in tropical areas for a variety of reasons. The most fundamental is
likely the fact that excellent vectors, uninterrupted transmission
and other factors have led to rates of transmission in tropical areas
far exceeding the minimum rate required to maintain the parasite
in the human reservoir. This necessitates a more effective and dras-
tic reduction in transmission to eliminate the parasite compared
with what was required for temperate regions. This barrier has been
compounded by the poor health care delivery, weak environmental
controls and inadequate economic resourcing characterizing many
of the countries where malaria in entrenched. Unfortunately, due
to these and other factors, the international malaria eradication
program was abandoned in the 1970s, such that malaria remains
among the most, if not the most important infectious disease for
people living in economically disadvantaged countries in tropical
and some sub-tropical regions, where poverty, struggling health
systems, and political instability prevail.

The emergence of drug-resistant strains of Plasmodium falci-
parum and P. vivax and insecticide-resistant mosquitoes poses a
growing threat for malaria-endemic countries, even as recent evi-
dence points to success in malaria control in many areas. Moreover,
the disease presents an ongoing threat for travelers to and within
malaria-endemic countries, compromising economic development
in addition to its direct effects on the health of endemic populations.
The effort to generate a malaria vaccine thus remains prioritized,
an urgent need not only for health reasons but to foster politi-
cal stability and economic growth. Non-government organizations,
exemplified by the Bill and Melinda Gates Foundation, are supple-
menting traditional sources of funding for vaccine development
with new avenues for support and new calls for elimination and
eradication.

The life cycle of malaria parasites in the human host is complex
and entails an asymptomatic liver stage (pre-erythrocytic) infec-
tion followed by a symptomatic blood stage (erythrocytic) infection
(Fig. 1). The parasite’s life cycle within the liver is very short: 2
days for rodent malaria parasites and 5–6 days for P. falciparum. It
was thus doubted that immune responses induced by vaccination
against liver stage parasites could act quickly enough to destroy
the infected hepatocytes and to prevent the release of liver-stage
merozoites into the blood. In the early 1960s, Nussenzweig et al.
at New York University demonstrated that immunization of ani-
mals with the bites of irradiated-attenuated infected mosquitoes
could protect against challenge with infectious sporozoites [2] and
this finding was soon extended to human volunteers. The obser-
vation of high grade protection in humans overcame any doubts
regarding the feasibility of a pre-erythrocytic stage vaccine, and
set a benchmark in the field of high-level (>90%) sterile protec-
tion. The attenuated sporozoite approach was however considered
impractical for human vaccination purposes due to the inabil-
ity to generate sporozoites other than within the mosquito, and
the difficulties associated with immunization via mosquito bite.
This new paradigm has recently been challenged by Hoffman and
co-workers, who are attempting to develop a vaccine based on
irradiation-attenuated sporozoites.

The Nussenzweig’s discovery led to the identification of the
circumsporozoite (CS) protein expressed on sporozoites and liver
stage schizonts [3,4]. The CS protein has a molecular size of 58 kD
and contains a central repeat region flanked on each site by a
non-repetitive region (Fig. 2). The central region contains approxi-
mately 41 repeats (range 37–49) of NANP (N, asparagine; A, alanine;
P, proline) amino acid sequences and a smaller number of NVDP
(V, valine; D, aspartic acid) sequences. The function of the central
repeat region is still unknown but most likely offers a significant
adaptive advantage to the parasite, since it is highly conserved
among different strains of P. falciparum. Most of the mutations
identified in the central repeat region have led to expansions or
contractions in the number of repeats and to a conversion of NANP

Fig. 1. The life cycle of Plasmodium falciparum. P. falciparum has a complex life cycle
that involves an arthropod and a human host. In the human host, the cycle begins
with the bite of an infected Anopheles female mosquito that delivers sporozoites
into the skin. The sporozoites enter the blood circulation and migrate to the liver
where they infect hepatocytes and develop into liver stage merozoites. The mero-
zoites are released from the infected hepatocytes and invade red blood cells (RBC)
where they develop into blood stage merozoites. The disease is then perpetuated by
continuous cycles of RBC infection and merozoite release, the latter associated with
the paroxysms (chills and fever) characteristic of malaria. During the course of blood
infection, some merozoites differentiate into female or male gametocytes that are
taken by the mosquito. In the mosquito gut gametocytes undergo sexual reproduc-
tion and meiosis and further clonal expansion to generate sporozoites that migrate
to the salivary glands. The types of immune responses known to protect against the
different parasite forms are indicated by arrows. Protective humoral responses have
been shown to be T cell dependent which indicates that CD4 T helper (Th) cells play
a critical role in immunity against malaria.

sequences into NVDP sequences, or vice versa [5]. The N-terminus
region of CS protein is conserved among strains of P. falciparum and
contains a motif of 5 amino acids (93KLKQP97), which is also shared
by all mammalian sporozoites [6]), and known to be involved in
sporozoite invasion of mosquito salivary glands as well as in bind-
ing to hepatocytes prior to invasion [7,8]. The C-terminus region
is involved in the invasion of mosquito salivary glands, sporozoite
mobility, and invasion of hepatocytes [9] but unlike the N-terminus,
it is highly polymorphic. As recognized by the human immune sys-
tem, the central repeat region contains immunodominant B cell
epitopes and the flanking C-terminal region contains both B and T
cell epitopes (termed Th2R and Th3R) which demonstrate a high

Fig. 2. Schematic representation of CS protein.

Antibodies

Sporozoite vaccine
(RTS,S and R21)

Erythrocytic stage 
Vaccine (SE36)

These vaccines protect against
infection by intercepting newly
invading sporozoite from mosquito but
could not protect from symptomatic
malaria caused by the escaped
sporozoite.

Transmission blocking 
vaccine (Pfs25)

This vaccine provides no merit to
vaccinee. Vaccine efficacy can be
experimentally measured but not
in the field.

Almost all of erythrocytic antigen genes
except SE36 gene show strong genetic
polymorphism that disproportionately affects
vaccine efficacies. Unlike vaccines based
from the other life-cycle stages, SE36
vaccine-induced immunity is boosted by
natural malaria infection. Thus, SE36 vaccine
reduces the need for frequent vaccinations.

Target stages of malaria vaccine candidates
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SE36 malaria vaccine 
investigational product

（SE36 protein adsorbed to Aluminum 
hydroxide gel and lyophilized ）

SE36 malaria vaccine is based on the recombinant protein derived from SERA5

(Serine repeat antigen 5) that is expressed by the parasite at the schizont stage.

SE36 protein induces antibodies that attack merozoites.

セリンの繰り返し

P120 (SERA5)

P47

SE36蛋白質

S-S

S-S

S-S

Life cycle at erythrocyte

Localization of full length (P120) SERA5 molecule in parasitized
red blood cell is shown in color. When the protein is processed the
P47 molecule, green ball, surrounds the surface of the merozoite.
SE36 is genetically engineered from P47.

SE36 Malaria Vaccine

SE36 protein

P47
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Pre-clinical Phase Ia in 
Japan
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follow-up 

research in 
Uganda

2003 2007 20112005 2013 20152010

Phase Ia in 
Japan

Early stage 
development

Phase Ib in 
Uganda

Phase Ib in 
Burkina Faso

Phase Ib in 
Burkina Faso

Clinical trials：show that the vaccine is well-tolerated with favorable 
safety profile and is immunogenic.

Clinical trials of SE36 malaria vaccine
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p=0.003 by log-rank test
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Protective efficacy:72%

Palacpac et al. (2013) PLOS ONE

Protection against malaria onset by SE36/AHG vaccination 
(Uganda)
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Protection against malaria onset by SE36/CpG vaccination 
(Burkina Faso)

Days before onset of blood parasitemia >5000/μl and
axillary temperature >38℃, 5-10 years-old



Vaccine administrations

Nebie et al. (2024) Vaccine 

Vaccine group

Control group

Persistence of SE36/CpG vaccine induced antibody
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Long persistence of vaccine efficacy and booster effect by natural infection are best options to 
ensure continuing immunity and support public health policy in endemic areas
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Comparison of protective efficacies by major vaccine candidates so far reported

GHIT Fund | Management Team | 5

Critical data and detailed evidence: Part 1

SE36 has undergone 3 Phase 1 clinical trials in Africa. Promising data from these trials:
• Protection from high parasitemia (≥5000 parasites/µL) and fever 

A blood-stage vaccine is needed against malaria disease and death

• Antibody titers can be boosted in vaccinees who experience malaria infection. Responders have lower risk of re-infection.
• SERA nucleotide diversity is low and African-specific polymorphisms do not interfere with antibody response.
• Induction of protective antibodies does not require strict conformational protein structure 

Uganda BK-SE36 6-20 y-old PE = 72% p = 0.003

Burkina Faso BK-SE36/CpG 5-10 y-old PE = 74% p = 0.024

1. Low efficacy of blood stage vaccines, except for SE36, is caused by genetic polymorphism of the 
target antigens

2. RTS,S and R21 in blue circles are pre-qualified by WHO.
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SE36 protein
Host vitronectin nucleus

rhoptries

micronemes

apical tubulin ringdense 
granules

Thrombin

Antithrombin III

Complement C7

Complement C9

SC5b-9 complex

etc.

Function of SE36/P47 protein in the parasite
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1. SE36/P47 protein fully covers the surface of the merozoite and bind to host serum vitronectin.  Vitronectin binds 
to many host serum proteins including complements.  This bound complex camouflages merozoite from host 
immune system. （Tougan et al., 2018 SciRep.）

2. SE36/P47 protein is presented to host immune system with vitronectin.  Host immune system develops immune 
tolerance against SE36/P47 protein through repeated malaria infection in endemic areas. （Bougouma et al.,
2022 Front Immunol.）

3. Consequently, sero-conversion rate of people in endemic area is low, resulting in lesser genetic polymorphism 
(Arisue et al., 2022 Front Cell Infec Microbiol.）

A merozoite.



The WHO global strategy for malaria targets children under 5 years old in 
Africa. SE36 malaria vaccine showed 74% protective efficacy in 5-10 year-
old children. Immunogenicity of SE36 in 1.0 year-old infant was much 
higher than in 5-10 year-old children. Therefore over 90% protective 
efficacy is expected in younger age groups.

The immunity in SE36 vaccinees was boosted by the natural malaria 
infection, therefore in terms of vaccine cost, logistics/coordination and 
sustainability, SE36 is a promising vaccine in terms of public health policy.

Although the immune response of malaria naïve adults was a bit lower 
than infants, travelers could still be protected by SE36 vaccine with over 
80% efficacy.

Public health policy with SE36 malaria vaccine could 
significantly reduce world malaria burden

Perspectives of SE36 Malaria Vaccine
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