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PE3IOME. Pa3paboTka nuIeH3MPOBaHHBIX BaKLU MaJIIpUH ABISIECH WOKHON 3a1a-

yell u3-3a MHOT'OCTYIICHYATOI'O JXKU3HCHHOILA 11 a, Thii CHHOM U3MEHY CTHU 0O0JIBIIOTO
TCHCTHUYCCKOT' O pa3Hoo6pa3I/151 mja3sMon aBalJio Hp06H6M (o) IoaAXoaAIIero

KaH/IMJ1aTa Ha BaKI[UHY CPEIH THICAY aH N JHCHOL 3momus. Pa®pacis €CKOJIbKO BaKL[MH
IS pa3IMYHBIX CTaAui IIa3MOAHS, K JI0YAIOT Ba CAPPUTPOLUTAPHON
CTaaAuu, BaKIIMHLI HA CTAAUH KPOBU C NCGIOJIb5UBAHUEM 6CHKO as N1, BAKIIMHBI U3 I1J1a-
LIEHTHI ¥ BAKI[MHbBI, OJIOKUPY FOIITUE nadexuu (T ,K bI€ [IOAABJIAIOT I10JIOBY IO
CTaIIO PAa3BUTHUS MaJSPUIHBL 3uTON, OHAKO HET TRKOMU JJaKIIMHBI, KOTOpPAst SBJISIACH
OBl MONTHOCTHIO 3P (HEKTUBHON ICOKOH ocTblo. M3-3a HECcIOCOOHOCTH

paspaborats 3 pexTUBHBIC BaKII aJMel )KU3HEHHOI0 IIUKJIa Mias3-
MOAUS TPOIOJIKAETCS a0oTka >QPeKkTHBHOY MH YIEHYaTOW MJIM MHOIOBAJECHTHOMN
BAaKLMHBI IPOTHUB Ma yJIBTUMAJbB opast Moryia Obl CTaTh HAMJIYYIIUM IOA-

X0O0M IJ1s HeﬁTpa a TIOPO30UTOB i,D OOIUXCAd B MCPO30OUTHI, a TAKIKE MCPO-
30UTOB, BbIXOOAIIN CIIaTOUTOB U [ ALUTOB, OJId NPCKpALICHUA paClIpOCTPAHCHUA
CIIOPO30UTOB U OBAaHUI 1145 Y 1 pa3BUTUA MaHHpr/‘IHOFO jiasmMoaus. TakuMm

obpazom, r% HUMaHned (MAJTBHBIX MUIIIEHEH BaKIIWHBI U TOTO, KaK JIEHCTBYET UM-

MYHUTCZHP AIBJIACT, KJITOUYECBBIM 3 pa Da0OTKHU MOJTHOCTEIO 3(1)(1)6KTI/IBHOI>’I BAKIIUHBI IPOTHUB
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ABSTRACT. This is a review on malaria vaccine development: challenges and prospects. The de-
velopment of licensed malaria vaccines has been challenging because of the multi-stage life cycle,
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antigenic variation, and great genetic diversity of Plasmodium making it difficult for the right
vaccine candidate among the thousands antigens of Plasmodium. Several vaccines for different
stages of Plasmodium which include pre-erthrocytic stage vaccine, blood stage vaccines, using
Plasmodium proteins, placenta vaccines and transmission-blocking vaccines (TBVs) which in-
hibit sexual stage of malaria parasites. However, none of these vaccines are completely effective
and have high reactogenicity. Due to the failure to formulate effective vaccines to tackle a siggle
stage of Plasmodium life cycle, the development of effective multistage or multivalent malagia
vaccine (MultiMalVax) is ongoing which could be the best approach to neutralize the sporozoit

from developing to merozoites; and the merozoites emerging from hepatocytes and erythrocytes
and; to break the sexual stage transmission. Therefore, great understanding of the pote
cine targets and how immunity acts is a key road-map to develop a fully effective vacq
malaria.

vac-
inst

KEY WORDS: malaria; immunity; Plasmodium falciparum; vaccine.

INTRODUCTION

The formulation of artemisinin-based combi-
nation therapy (ACT) has led to great advance-
ments in malaria control. However, clinical re-
sistance to artemisinin and its derivatives has
been well established and this appears to be the
main threat to malaria eradication of malaria j
the world [2]. In the eradication of some offic
infections, vaccination remains the most e
tive method [97].

However, constant polymorphism
biology of Plasmodium species hav
identification of the right vacci
among the thousands antigens of
very difficult [98]. Hence,
malaria vaccine and ther

5

towards the development of
alaria vaccine started since 1960s im-
odents, primates and human volun-
irradiated sporozoites [5, 72]. In 1967,
mice were immunized with radiation-attenuated
Plasmodium berghei sporozoites [72]. In a study
conducted in 2002, the gamma radiation-attenu-
ated sporozoites inside infected Anopheles mos-
quitoes led to a total protection in human. This
irradiation approach was however not cost-ef-
fective and not practical on a large scale [46].
The early 1980s ushered in the advent of tech-
nologies such as monoclonal antibodies and re-
combinant DNA methodologies. Though several
antigens were cloned and sequenced with these
technologies, their roles in protective immunity

were only assesse
perimental infect
The limitatiyns

omologues in ex-
30].

se methods are that they

ytokines triggered by most

d the vaccines could not target

' 4]. In attempts

TR % >-erythrocytic anti-
200s7¢d by another viral
&a virus Ankara (MVA)
AP insert. This prime-
igher T-cell responses than

single vector [44, 88].
1dence that since the 1970s, whole

encoding th
boost inducfd m

ati
Defpi

spipolofe )

inst sPorozoite challenge of humans, whole

ites vaccines were not followed up as a

on of irradiated sporozoites was impractical for
vaccine [114]. Sanaria in 2010 introduced a
technology that enables the harvesting Plasmo-
dium falciparum sporozoties (PfSPZ) from the
salivary glands of aseptic mosquitoes infected by
cultured laboratory parasites after which they are
purified,put in vials, and preserved at low tem-
perature in liquid nitrogen vapour phase [47].
The attenuation of P/SPZ into different vaccine
candidate products has advanced quickly into
three main technologies which include: radiation
attenuation called PfSPZ Vaccine, chemoattenu-
ation achieved in vivo by concomitant adminis-
tration of antimalarial drugs called P/SPZ-CVac
for chemoprophylaxis vaccination and gene-
tic attenuation by deletion of genes required
to complete liver-stage development called
PfSPZ-GA1 for the first genetically attenuated
PfSPZ candidate [NCT03163121] [50, 69, 90].
For P/SPZ Vaccine to convey sterile immu-
nity against sporozoites, it has to be inoculated

icensed mala-
ria vaccine at the momgn e aim of this%
study is to describe th::N , challenges p ct owing to the impression that the produc-
future expectatio vaccine I@
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directly into the vein [99]. The challenges of
implementing whole sporozoite vaccines will
include maintaining liquid nitrogen cold chain,
intravenous inoculation and scale-up of manu-
facture. The efficacy of whole sporozoite vac-
cines has been tested in humans but this effi-
cacy depends on the regimen and dosage of the
vaccine administered. The efficacy against ho-
mologous or heterologous sporozoite challenge
in malaria-naive individuals with either PfSPZ
Vaccine or PfSPZ-CVac has been shown to con-
vey high levels of sterile immunity [31, 32, 66,
101]. The efficacy of PfSPZ-CVac is however,
higher than PfSPZ Vaccine. This probably could
be due to to expression of more liver stage an-
tigens and development of larger antigen loads
than radiation-attenuated Spz. Furthermore,
human immunization with whole sporozoites
combines the bites of non-attenuated fully in-
fectious Plasmodium falciparum-infected mos-
quitoes with prophy-laxis [8]. This rout of im-
munization by bite might induce more potent
immune responses than IV immunization with
radiation-attenuated Spz [65]. Developmentdhf
PfSPZ-CVac as a viable vaccination str

will require safe and reliable delivery thr

coformulation of non-attenuated highly
tive sporozoites and long-lived che
lactic agents to ensure full chemoa
vivo [28].

individuals for safety, immunogenicity and pro-
tective efficacy [50].

The use of whole sporozoite vaccines to pro-
duce sterilized immunity in humans was at a
time of the development of genetic engineering
and the first malaria gene to be cloned was cir-

used for the production of subunit vaccine
20]. Although subunit vaccines can inate
risk of reversion and have good sgfe pared
to inactivated or attenuated vaccines,
they have weakness in j mulation.
Nanoparticles are intro th¢ era of sub-
y can enhance
the duration of
#culation [56]. How-
ss in the production of

ch led to the production

its like R16tet32, R32tet32,

32LR [4].

vaccine is an

the efficacy of these
the antigen rele
ever, there was

a full-length{CS

of severa

subunit vaccine
SP fragments

hepatitis B sur-
ical adjuvant called

antigen (S) agd e i j
SO01 made u & 1gand and the saponin
derivative was added to increase the im-

mune syst{m resgornse. Together, the vaccine was
called Y 1. The RTS is also expressed in
yeasf't arry hepatitis B “S” expression cas-

us synthesize S and RTS polypep-
spontaneously co-assemble into mixed

ent on their surface. RTS,S, til date remains

i i s@kes,
p36-) in the NF54 straln ted in i in st - i i
of the first generatiop @ ] ipOpotein particles (or “RTS,S”) with the CSP

that the deletion
p36 genetical

trigger immu_ie
cells whigf could
[1101

sponses and long-lasting effector
CD8+T cells than radiation-attenua-
parasites in mice [16, 26]. In more re-
ce es, triple KO Pf GAP (p52-/p36-/SAP-)
and alternative Plasmodium falciparum GAP
vaccine based on b9/slarp deficient sporozoites
was introduced [62, 111]. Radiation attenuated
sporozoites Sanaria® PfSPZ-GAL is another ge-
netically attenuated strain with deletions of the
b9 and slarp genes [111]. Genetically attenuated
parasites recognize antigens in both the late li-
ver stages and blood and elicit stage transcend-
ing immunity. This may lead to identification of
novel approach for development of a multi-stage
subunit vaccine [93]. Genetically attenuated par-
asite vaccines are being tested in malaria-naive

the most advanced pre-erythrocyte vaccine [15,
49]. The RTS, S/AS01 induce CD4 T cell and an-
tibody responses to the Plasmodium falciparum
circumsporozoite protein [PfCSP] [6]. Although
this vaccine has been recommended for license
by European Medicines Agency (EMA) and is
the first vaccine to undergo large-scale phase 3
evaluations in seven African countries, the effi-
cacy of this vaccine in infants is relatively low,
and the vaccine apparently will not meet the goal
of malaria eradication by itself [57].
Blood-stage parasites are important targets
because this is the stage that disease develop-
ment occurs. Passive transfer of IgG purified
from semi-immune African adults was shown
to clear parasitemia from African children 6 de-
cades ago and later in Thai adults [15, 29, 92].
Hence, blood stage vaccines target the asexual
parasite forms that undergo repeated multiplica-
tive cycles in erythrocytes and cause disease and
death. The challenges in the development of an-
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ti-merozoite vaccines include: the short time in
seconds when merozoites pass between erythro-
cytes and are accessible to antibodies, polymor-
phisms of the antigens, redundant invasion path-
ways, and the large number of targeted parasites
when compared to those of preerythrocyte vac-
cine and transmission-blocking vaccines [28].
Plasmodium falciparum erythrocyte mem-
brane protein 1 (P/EMP1), expressed on the
surface of infected erythrocytes during eryth-
rocytic satge was first cloned in 1995 and was
considered as the prime target for an anti-com-
plication vaccine [58]. At present, researchers
have carried out several clinical trials with many
erythrocytic stage antigens. In two separate stu-
dies in Mali, AMA1 vaccine with AS02 adjuvant
was applied in 383 children and another vac-
cine trial with AMA-13D7 and AMA1-FVO and
ALhydrogel in 279 children was studied. There
was no significant impact of these vaccines on
clinical malaria [77]. Although MSP1 vaccine
could produce protective responses in monkeys,
the phase Il trial of this vaccine with AS02 adju-
vant showed no significant effect on clinical
laria in Kenyan children [76]. This could be
to the high polymorphisms in the vaccine st
tures [104]. In a malaria vaccine with com
antigens of MSP-1, MSP-2 and RESA
with Montanide adjuvant, there was

novel blood-stage vaccingge
the approach to ex1st1
candidates have been co

candidate to addre of redundant 1

sion pathways. fRHS and
RON2 compl
Plasm um f Iciparum retlculoc -binding

tored prime boost immunogen [17,
¢ PRHS is the first significantly con-
served merozoite antigen which has been shon
to elicit largely neutralizing antibody in precli-
nical studies [23]. In different combinations of
P/RHS viral-vectotred and/oradjuvanted protein
immunogens, protective immunity against para-
sitemia as produced after an initial challenge
with virulent heterogenous parasite [24]. Natural
infections have been reported to produce poor
immunogenicity against P/RHS [23, 108, 113].
and P/RHS5 in monkey studies has shown good
immunity against virulent blood-stage parasite
but poor immunogenicity by vaccine-induced

antibody. This may limit the duration of protec-
tion conferred by a vaccine [24].

Anti-P/RH5 IgG requires dosage as high
200pg/mL in order for vaccination to be achieved
and sustained. In order to improve the efficacy of
RHS5 vaccine candidate, several efforts like presen-
tation in virus-like particles (VLP) and prodtgtion

tion of human P/RHS vaccine-induced
antibodies (mAbs) to identify epito
neutralizing, non-neutralizing an

activity of
owledge will
5 immunogens

Althoug ghicy of AMA was poor
in the previ s, it is an essential protein
for bloo arasite growth. The study on
the b1 AMAI with 2 at the mero-

RON2. When

xR RON2 peptide, the
anges to produce more
an stop invasion than

tigen [103]. The study of
monkey has shown signifi-

Avé>

terile protection in half the ammals

es to determine epitopes to be included or ex-

luded in redesigned immunogens. Unlike RhS,
AMAI1 displays extensive sequence polymor-
phism, and therefore future studies will need to
assess the number of alleles or chimeric sequen-
ces that will be required for AMA1-RON2 to
confer broadly effective immunity [28].

The search for new blood-stage vaccine can-
didates has progressed beyond the merozoites
targets. The antigens of the parasites are trans-
ported to the surface of infected red blood cells
where they are exposed to antibody attacks for
hours. Prominent among these antigens is the
variant surface antigen family P/EMPI1. This
antigen is very important facilitating parasite
sequestration thereby making Plasmodium fal-
ciparum to be virulent. It is therefore a target
of naturally acquired protective antibody [107].
However, due to its high polymorphism, large
size, presence of cysteine-rich interdomain re-
gions hindered vaccine development and lack of

% i erred
s/ Two vaccine 037 Vaccines with AMA1 may be improved
as a pote@b ctural studies of antigenantibody comple-
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reported trials of P/EMP1-based vaccines have
limited its usage for viable malaria vaccine.

A non-PfEMPl-infected erythrocyte surface
protein called Plasmodium falciparum glutamic
acid rich protein (Pf/GARP) found on the surface
of infected red blood cells by early-to-late-tropho-
zoite-stage parasites has just been described as the
target of protective antibodies [86]. Anti-PfGARP
which triggered apoptesis of intraeythrocytic tro-
phozoites in vitro and naturally acquired PAGARP
antibodies was associated with Plasmodium fal-
ciparum parasitemia control and protection from
severe malaria. There was partial protection with
PfGARP-based vaccines against Plasmodium fal-
ciparum in monkey studies [28].

The egression of malaria parasite from the
red blood cells has been identified as a target for
protective immunity. Plasmodium falciparum
Schizont Egress Antigen 1 (PfSEA-1) which fa-
cilitates schizont egression in red blood cells is
very important in protective immunity. In in vi-
tro studies, there was rupturation of recombinant
Plasmodium falciparum and a reduction of para-
sitaemia after vaccination of mice with Plasnfb-
dium berghei which delayed death after infef
with virulent Plasmodium berghei. Screeni
the sera of children who controlled and
who did not control parasite density ing) in-
fection was associated with antibo
against Plasmodium falciparum |

At the placenta, chondroitin su
is the primary receptor for infecte
cytes sequestration [95

erythro-

ed in CSAFoingiin
cytes [37,
te vacgihe and blood-s
hich protect every group
beWeneficial to pregnant women, na-
quired protection against placental ma-
ides a focus towards placenta malaria
¢ approach [36]. Naturally-acquired anti-
bodies to CSA binding parasites are significant
in providing protection against placental malaria
and are acquired over successive pregnancies as
there are reports that women in endemic areas
become resistant to placental malaria. Therefore,
CSA-binding parasites become a target for pla-
centa malaria vaccines [28, 36, 40, 91].
Variant surface antigen 2-CSA (VAR2CSA) is
a large extracellular protein of 350kDa com-
prising of six Duffy-Binding Like (DBL) do-
mains, one Cysteine-rich Inter-Domain Re-
gions (CIDR) and several inter-domain regions

the only var
lected infect
prerythr

candiddie

[38]. Current studies have identified a unique
VAR2CSA with functional seven or eight DBL
domains in some isolates in the field [22].
With the first trials of VAR2CSA-based vac-
cines conducted more than half a decade ago,
VAR2CSA vaccine development has focused

on individual domains or domain combiiations
due to its large size [67]. Single recombgnant
domains have though been shown to bind ,
latest studies report that complete @gtodomain
of VAR2CSA fully produces hi ity bin-
ding with CSA [54, 103].

Two placenta malaria v e Candidates

e ‘oeen formu-
'ARZCSA fragments
re currently un-

(PRIMVAC and PAMYV,
lated based on N-termina

with high affinity for

reported a trial
0 have never

to be immuno-
al against parasites
SA variant expressed
throcytes [28]. There is
-reaction against heterolo-
ariants by the placenta vaccine
and the reaction with the homologous
curred with very dose [18, 102]. Re-
ave suggested that an alternate sche-

oor

t surface anti
ily member o uldyof immunization, antigen dose, and com-

gen 2-CSA (VAR2CS
PfEMP1 responsible cyWadhesion to
in the infected eﬁtig . Indeed, yar?

tions with other VAR2CSA-based vaccines
could improve the cross-reactivity against hete-
rologous VAR2CSA variants [28].

Transmission-blocking vaccines include sur-
face antigens of sexual-stages of the parasites
(gametes and zygotes) in humans and mosquitoes
in order to produce antibodies against the para-
sites in the mosquito blood meal and block the
parasite from being transmitted through the vector
[12]. Early works using avian and murine Plas-
modium species clearly showed that monoclonal
antibodies against gametes bind to the surfaces of
gametes and inhibit the development of parasite in
the midgut of mosquito [42, 53, 61].

In vitro studies of Plasmodium falci-
parum made it possible for gametes which were
used in the production of murine monoclonal an-
tibodies, recognized and inhibit the development
of oocyts to be isolated in an experimented mos-
quito feeding [53, 84, 87, 112]. The mosquitoes
fed on gametocyte-erythrocytes added with the
test antibodies and this became the gold standard
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for measuring transmission-blocking activity
[10, 64].

The first monoclonal antibodies with trans-
mission-reducing activity were used in the iden-
tification of specific desired proteins on the
gamete surface. The proteins were Pfs48/45,
Pfs230, Pfs25 and later Pfs28. These four pro-
teins are considered as the leading TBV candi-
dates and are under development [27]. Other pro-
teins secreted by ookinete which are the target for
TBVs are Chitinase 1, von Willebrand factor-A
domain-related protein, TRAP, membrane-attack
ookinete protein, secreted ookinete adhesive pro-
tein (SOAP) and cell-traversal protein for ooki-
netes and sporozoites [CelTIOS] [21, 52].

Antibodies against Pfs28 were also shown to
be very effective but enhanced the TBA of anti-
bodies against Pfs25 [27]. Polyclonal antibodies
for the male gamete protein, hapless 2 (HAP2)
and a monoclonal antibody for female-specific
Pfs47, a paralog of Pfs48/45 have been reported
to produce great reduction in transmission [9].
Midgut antigen of Anopheles (AnAPN1) has
been reported to exhibit the ability to block
laria transmission in a parasite strain- and §
cies-transcending manner [3].

Of all the TBVs, Pvs25 is the most adva’
and with its Plasmodium vivax ortholog P
P£5230 have reached human clinical tri
studies revealed that clinical trials
Pvs25 was poor either due to poor p
antibodies with transmission-blocking
to high reactogenicity fro t formulations
[59, 74, 118]. Human u ¢ shown that

Pfs25 and Pvs25 are im

when they are admigist

The challenges

developments expressio de_
hvery pla formation of adjfivant for-
mula om mant TBV antigens halge been

diea W o produce better-folded proteins
hich ar¢ table in solution and recreate confor-
ional £ pitopes [79, 116].

My others ways in improving the reacto-
genicity of vaccine candidates are vaccine con-
jugation such as Pseudomonas aeruginosa exo-
protein A [EPA] and bacterial outer membrane
protein complex [OMP]) or proteins recombi-
nation such as C4 bp oligomerization domain
[IMX313] expressed in Escherichia coli or
modified lichenase carrier (LiKM) produced
in Nicotiana benthamiana [55, 75, 83, 117]. Vi-
ral vector vaccines, such as Chad63/Modified
Vaccinia Ankara are also being studied produce
good immunogenicity [55]. Studies using adju-
vants like Alhydrogel® and Montanide had been

employed in preclinical and clinical trials of
TBV. However, issues on reactogenicity were
associated with the two adjuvants. Recent stu-
dies using Alhydrogel®-formulated TBV have
shown good safety and reactogenicity quality.
Considerations have been made in the use of
GSK®’s liposomal adjuvant ASO1 for théypro-
duction of TBV [25].

Due to the failure in the development of ei-
cacious vaccines for a particular sta
modium life cycle, research on va
more than one malaria parasite s
multistage or multivalent malari

Malaria Vaccine Group
antigenic formulati

inhibit the develo strain transcending pa-
i i cine groups in the world

this research [44 80, 115].

are also e
At the m

€ xford Universi
ion’s seventh F

for all the Pl cies because (i) the new-
ly vectored ¢nimpgnzee adenovirus vaccination re-
gime haggev at high quality CD8+T-cell re-

2ythe high quantity antibodies which re-
¢lopment of multiple malaria antigens;
opment of an enhanced virus like par-
P) from parts of RTS,S vaccine candidate

Al v R
ol , ) idate.
t d R21, that lacks excess part of HBsAg in

ically effect
1gh dose [59, 1 TS,S; (iii) recognition of the blood stage antigen,
ve been 3 Sed 5, by using a vector approach to evoke strong

strain-specific antibodies inhibitory to the blood
stage parasites in in vitro assays; and (iv) demon-
stration of the new nanoparticle vaccine, which
have triggered antibodies which have complete-
ly inhibited the transmission of the Plasmodium
falciparum isolates in Africa [109]. Combination
vaccine studies with several antigens like Polyoma
virus (Py) and Paul-Bunnell (P-B) either alone or
in combination with CSP have been carried out and
it has been reported that PyLISP1 and PyS-LARP,
PbLISP1, PbSLARP and PbPF3D7 produced very
high protection than that seen with CSP [33].

CHALLENGES OF VACCINE DEVELOPMENT

The major challenge of vaccine development
is the inability to identify malaria vaccine can-
didates alongside understanding the mechanism
of the disease caused by the malaria parasite and
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the host immune response interactions. This is
because of the complexity in the life cycle of the
parasite. Furthermore, Plasmodium falciparum
has many antigens which could be the target of
the host immune system protection. But these an-
tigens are mostly polymorphic, and even exhibit
clonal variation through differential multigene
expression. These genetic polymorphisms have
aid the malaria parasites to evade immune attack
[70]. Significant strides have been made in vac-
cine development through which more vaccines
have progressed to the clinical phase. However,
this may also show inability to predict immunity
efficacy of a particular vaccine candidate in ear-
ly phases thus, substantially increasing the risks
of investment by forcing investigators to make
go-decisions based on immune measures tested
to decide if the approach is promising in large
scale trials [14].

Regardless of the success in the develop-
ment of malaria vaccines, there is still a lack of
understanding of individual immunity against
malaria. Since the work of Koch at the end of
the 19th Century which showed acquisitio
highly effective immunity among adults £/
survived malaria infection, the operatio
immune system remains partly unkno
though the antibody that blocks the i
merozoites into erythrocytes appe

thetic malari
ssays which ar

or subunit constructio
vaccines [39, 44, 82,
used to evaluate the e

5 ™h

of surrogate
kers of antibodiegargsi 0. These assa
very laboriou Wult; uncl i

in vitro assals dict func

ty in hupfans dpelio absence of andfnal model
whi the growth of Plasmod falci-
48].“Furrently, there are no clear cor-

between immunity and the parasites

Msays can become valid only when a vac-
cine shows efficacy in a clinical trial. Once a
correlation between immune correlate for pro-
tection 1is identified, it can be used for decision
making in clinical development [71].

IMPROVING THE EFFICACY OF MALARIA VACCINES

One of the important ways of improving
vaccine efficacy is by using optimal adjuvant.
This has however being badly affected by few
numbers of adjuvants approved for human use.
An effective adjuvant should enhance immuno-

genicity without negatively affecting vaccine
safety. Therefore, more understanding of the
required immune responses for immune protec-
tion and the nature of vaccine-induced responses
with specific adjuvants may further improve the
selection of adjuvant [7, 35].

Vaccine candidates have been formulgfed to
trigger a strong CD8+T cell responses &y the
pre-erythrocytic staged. Some of these formgla-
tions are in recombinant with viruse
istered by heterolpgous prime-
These have been promising f
thrombospondin-Related Adhe
TRAP] vaccine [33]. Sgme €“boost strate-
gies have produced a sighificéht improvement
in immune response i imal models and
humans in othe ct like human immu-
nodeficiency vi ) and influenza [2, 60].
With other d{llive atforms and formulations

like micgo in patch delivery, nanoparti-
cles, an( Wi ike particles (VLPs), to improve
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{Gyantiy n presentation specific stra-
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and epitojfes fi development of vaccines.

Thesednc location of antigen cells and

funcfio undance, polymorphisms, data from

i t ctional assays, evidence of pro-
tive

sociations in studies of naturally ac-
immunity, and data from animal models
. Induction of protective antibodies may
also be improved by identifying key epitopes
targeted by protective responses. Current vac-
cine strategies to whole antigens or whole pa-
rasites typically consist of a range of protective
and non-protective epitopes. Refining vaccine
immunogens and responses to predominantly
target key functional or protective epitopes and
response types may enable protective immunity
to be better maintained as the overall immune
response wanes [7, 43].

Antigenic polymorphisms used in vaccines
development facilitate immune escape and these
have been a challenge in several vaccines in-
cluding RTS,S and vaccines based on MSP2 and
AMAL. Vaccine efficacy was higher against in-
fection of vaccine-like strains compared to vac-
cine dissimilar strains [71, 72, 74]. Therefore,
implementation of RTS,S could shift the burden
of malaria to vaccineescape strains over time,
decreasing its effectiveness. This highlights the
need for nextgeneration vaccines capable of
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inducing more potent crossstrain protective re-
sponses. Strategies to address this include the
inclusion of multiple alleles of an antigen [e.g.,
AMAT1], combinations of different antigens, or
whole parasite vaccines. Antibodies induced in a
phase 1 trial by immunization with two different
MSP2 alleles surprisingly shifted antibody tar-
geting to conserved epitopes, in contrast to na-
turally acquired antibodies that are overwhelm-
ingly allele specific [34, 78, 106]. To focus on
conserved epitopes or less polymorphic antigens
like CSP and P/RHS is another approach towards
improving malaria vaccine efficacy [7, 86, 97].
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