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Abstract. Developing an effective malaria vaccine has been the goal of the scientific community for
many years. A malaria vaccine, added to existing tools and strategies, would further prevent
infection and decrease the unacceptable malaria morbidity and mortality burden. Great progress
has been made over the last decade and a number of vaccine candidates are in the clinical phases of
development. The RTS,S malaria vaccine candidate, based on a recombinant P. falciparum protein,
is the most advanced of such candidates, currently undergoing a large phase 111 trial. RTS,S has
consistently shown around 50% efficacy protecting against the first clinical episode of malaria, in
some cases extending up to 4 years. It is hoped that RTS,S will eventually become the first licensed
malaria vaccine. Thisfirst vaccine against a human parasite is a groundbreaking achievement, but
improved malaria vaccines conferring higher protection will be needed if the aspiration of malaria
eradication isto be achieved.

Introduction. Malaria is considered the most There has been a significant increase in funding

important parasitic disease in the world. It is one of the
ten leading causes of death in low income countries.
During 2010, it was estimated that malaria caused
around 216 million clinical episodes worldwide, being
responsible for 655,000 deaths, the majority of which
in African children.! In addition, it also contributes to
impoverish local economies and consumes substantial
health resources. Providing a comprehensive set of
malaria control interventions to reduce incidence and
mortality is projected to cost around 3 US billion
dollars per year in Africaaone.?

malaria control interventions and research over the last
decade. In consequence, many countries have adopted
evidence-based interventions to fight malaria, such as
indoor residua spraying (IRS), long lasting insecticidal
nets (LLIN), rapid diagnostic tests (RDT) and
arteminisin-based combination therapies (ACTS).
Intermittent Preventive Treatment in Pregnant Woman
and Infants (IPTp and IPTi respectively), which have
demonstrated to be effective in clinical trials,** are
innovative strategies using drugs for prevention which

are currently recommended by WHO in areas of high
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transmission, abeit their implementation being
variable and in some cases (IPTi) inexistent. Despite
al the efforts made in the use and implementation of
such malaria control interventions, it is thought that in
order to decrease substantially the burden of disease
and advance towards the aspiration of malaria
eradication, effective vaccines againgt malaria are
needed and should play acrucid role.®

Despite the morbidity and mortality burden
attributable to malaria, there are other factors that make
an effective malaria vaccine desirable. The resistance
profile of malaria parasites to an increasing humber of
antimalarial drugs and readily available insecticides,
the unequal and inadequate distribution of malaria
control tools in different settings or the increased
movement of migrant populations and tourists to
endemic areas are important arguments in favour of
concentrating resources towards malaria vaccine
research. However, despite current advances towards
getting a effective malaria vaccine, scaling up available
malaria control interventions seems the current realistic
strategy to reduce the health burden of malaria,® and in
many cases may probably be sufficient to approach the
desired elimination goal.” The most advanced malaria
vaccine, the RTS,S candidate, is currently undergoing a
pre-licensure trial, and although it constitutes a
historical advance in malaria research, more effective
second generation vaccines will be required.

Brief History of Malaria Vaccines. The quest for an
effective malaria vaccine has been a goa for the
scientific community over many years. Studies with
different species of malaria in rodents and birds have
been conducted since 19102 However, the most
significant advances have occurred over the last 50
years. Studies by Nussenzweig et al in the 60's showed
protective immunity in rodents after injecting irradiated
rodent sporozoites.” Subsequent studies identified the
circumsporozoite protein (CSP), a surface protein of
the sporozoite, as an important target for antibodies.™
In the seventies, Clyde and colleagues showed in
humans that it was possible to obtain protection against
infection after multiples bites of irradiated
sporozoites.'t From the 1980s onwards, major focus
was given to identify different sporozoite surface
antigens, potential targets of monoclona and
polyclonal antibodies. Some of them were part of early
vaccine candidates, although not demonstrating
significant protection.

In the 1980s, researchers from South America
developed an asexual blood stage peptide-based
vaccine (SPf66), which seemed to be efficacious in
monkeys and humans.”> However, subsequent studies
conducted in different maaria endemic countries,
failed to provide similar results.*** At about the same

time, GlaxoSmithKline (GSK) conducted different
studies using different peptides after sequencing the
epitopes of protective antibodies directed to the central
region of P. falciparum's CSP." From all the different
formulations, the construct that obtained better results
in preclinical trials was one made with the hepatitis B
virus surface antigen, caled RTS,S.™ This construct
was tested with different innovative adjuvants, AS04,
AS03, AS02 and AS01, the latter showing the best
results’” and currently undergoing alarge phase 11 trial
in different settingsin Africa.

In paralel to the development of the first RTS,S
vaccines, different studies evaluated the response to
vaccines containing different peptides and proteins of
the asexua blood stage of the parasite, such as the
apical membrane antigen 1 (AMA1), merozoite surface
protein (MSP) 1, MSP2, MSP3, among others."® None
of these vaccines have, however, shown as of today a
satisfying clinical protection similar to the positive
results shown by RTS,S. At the end of the 90's new
vaccines aming to enhance cellular immunity
response, such as DNA vaccines and peptide vaccines,
were developed, although they have not yet proven to
be efficacious in humans'™. In recent years, new viral
vectored vaccines have been developed in animal
models obtaining promising results,** and now need
to be assessed in malaria endemic countries, where
many vaccines have failed to demonstrate efficacy.

Desirable Characteristics for a Malaria Vaccine.
The main desirable characteristics for a maaria
vaccine should include a good safety profile together
with a high efficacy against malaria infection and
disease. Nonetheless, there are other many desirable
conditions that need to be addressed together with
malaria vaccine development. Most of them are
depicted intable 1. Apart from the abovementioned

Table 1. Desirable characteristics of an ideal malaria vaccine

e  Beeffective preventing clinical disease, severe malaria
and transmission in the community

e Becompletely safe for young infants and risk
popul ations (pregnant women, people with immune
deficiencies or other co-morbidities), with asimilar
safety profile as other EPI vaccines.

e  Provide protection against the 5 species of maaria
plasmodia.

e  Provide long-lasting immunity

e Beadministrablein the first months of life

e Single oral - dose regime compatible with vaccines of
the expanded programme on immunization (EPI).

e Easily manufactured, deployed, stored and handled.

e Affordable for governments of low income countries.

e  Stable at room temperature.

e Availablefor travelers of non endemic areas.
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Figure 1. Plasmodium falciparum Life Cycle. The different targets of malaria vaccines. (1) Sporozoites targetted by pre-erythocityc
vaccines), (2) Liver stages of parasite targetted by pre-erythrocytic vaccines, (3) Asexual blood stages, mainly merozoites. (4) Parasite
sexua stage in the mosquito midgut and (5) midgut wall antigens (vector-stage vaccines, indirectly acting against ookinete stage of the

parasite).

characteristics, the scientific community and decision
makers have to ensure that effective and safe vaccines
reach the target populations they have been intended
to. Asit has been suggested ensuring that “the limits of
science are not constrained by the limits of systems'
(excerpt by Dr Orin Levine, Johns Hopkins Bloomberg
School of Public Health)® must be an imperative when
thinking of vaccines whose main beneficiaries live in
low income countries with weak deployment
mechanisms.

How Malaria Vaccines Work. To understand the
different approaches and targets used in preclinical and
clinica malaria vaccine research, it is crucia to
understand the different stages of the parasite within
the infection cycle.

The infection cycle. The parasite gets into human blood
through the bite of a female mosquito Anopheles. Once
in the blood of the infected person where it will only
circulate for a few minutes, the parasite rapidly
migrates to the liver, infecting hepatic cells, where for
a few days (incubation period) it multiplies and grows
(liver stage). Then it is released into the blood stream,
where they infect red blood cells (blood stage). In the
blood stage they multiply and differentiate causing
clinical symptomatology, before being picked up again
in a mosquito bite. The parasites can be found at

different stages inside the human body. The main ones
are: sporozoites, when they are free in the blood after
being injected by the mosquito, schizonts and
merozoites within the liver and in the blood, and
gametocytes in the blood, which are sexuadly
differentiated stages picked up by the mosquito during
the blood meal and thus the only stages of the parasite
responsible for transmission to the mosquito and the
next human being. Inside the mosquito, the parasite
also adopts different stages during a cycle of growth:
gametes, right after they have been picked up in the
blood meal and deposited in the mosquito midgut
lumen where they are fertilized; ookinetes, which are
the evolution of the zygote produced by the fusion of
gametocytes, oocysts, the next stage that continues
developing in the epithelium of the midgut; and finally
sporozoites, which are the product of a mature oocyst.
They migrate to the salivary glands from the mosquito
midgut, and these parasites are ready to infect the next
human, perpetuating the life cycle (figure 1).2

Why is it so difficult to obtain a malaria vaccine? The
absence of immune correlates of protection for malaria
vaccines has been a longstanding obstacle in malaria
vaccine development. The discovery of a biomarker
which could behave as a reliable proxy of protection
against clinical disease, together with the availability of
a predictive animal model (currently existing, but
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suboptimal) would make development efforts much
easier and more efficient. Many knowledge gaps will
certainly need to be filled regarding naturally acquired
immunity and its molecular and epidemiological
determinants.

The complexity of the parasite (as compared to
viruses or even bacteria) is clearly another limiting
factor. Any of the malaria plasmodia present thousands
of antigens, which differ depending on the parasite
stage of the cycle in both the human host and vector.
Moreover, the immune responses against different
stages of the parasite have been proven to vary,
hindering the possibility of finding those who play a
major role triggering human immunity, which would
be the desirable candidates for a malaria vaccine. In
addition, many antigens expressed by the parasite are
highly polymorphic within the same host, adding, if
possible, more complexity to the aready difficult
process of antigen identification. In conclusion, no
vaccine against parasites has been licensed yet, and this
is not circumstantial.

Malaria Vaccine Approaches. Different
classifications for malaria vaccine candidates have
been use by different authors. They are based on the
phase of the parasite cycle they mainly target (and
hence the expected disease outcome), the composition
of the vaccine itself (whole organism, recombinant
proteins or DNA, and some of them adjuvated or
vectored), the vaccination strategy (different dose
schedules, prime and boost regimes), the capacity to
interrupt transmission (irrespective or not of their
effect on clinical disease) and the population they are
intended to reach (population in endemic aress,
travellers). However, some of the vaccine candidates
act in different stages of the parasite combining
different strategies, making difficult to create non-
overlapping categories for any particular classification.
The most frequently used classification, which splits
vaccine candidates into pre-erythrocytic, blood stage
and transmisson blocking vaccines®*® seems
somewhat out of date for severa reasons. First,
effective pre-erythrocytic and asexual (blood) stage
vaccines would have an impact on transmission,’
because they would dramaticaly  decrease
parasitaemia, having consequently room within the
“transmission blocking category”. Second, the term
“blood stage” is somewhat broad, and does not really
specify whether they target the sexual or asexud stage
of the parasite. Therefore, “asexua blood stage” is
probably a more accurate term. Third, candidates
whose main targets are sexua stage parasites or even
mosquito wall cells, deserve a category on their own.
Moreover, the impact of a vaccine targeting a
specific part of the cycle may transcend its stage

specificity. For instance, a pre-erythrocytic vaccine,
such as RTS,S, conferring partial pre-erythrocytic
immunity may also induce blood (asexual) stage
immunity by allowing the passage of some parasites
(“leaky” vaccine) to the blood. Such low dose
parasitaemia reaching the blood would contribute to
the generation of a local (i.e. blood stage) immune
response, protective against clinical  disease.”’
However, since the main effect of this vaccine is the
induction of antibodies against pre-erythrocityc
specific antigens, pre-erythrocytic vaccines as a
category is probably still a vaid and clearly
differentiated category on its own. In this review,
vaccine candidates are classified depending on the life
cycle stage they mainly act against.

Pre-erythrocytic Vaccines. These vaccines are
indented to €icit an immune response against antigens
of the initial stages of the infection, i.e. antigens
exposed from the entrance of parasites into the blood
(sporozoites) or hepatic stages before the parasite exits
the liver to the blood. If a vaccine designed to follow
this strategy were 100% effective, it would completely
block the infecting parasites from reaching the blood
stages, avoiding therefore any clinical symptomatol ogy
and risk of subsequent transmission. Thus, these
malaria vaccines could conceptually protect from any
malaria episode not only children and pregnant women
living in malaria endemic countries, but also those who
have not been exposed to malaria, such as travellers,
since they are a higher risk of severe infection.
However, if efficacy was partia and not complete, as
phase Il and Il trials seem to show, the effect of
vaccination would include a decrease in the parasite
load which is released into the blood from the liver,
thus minimizing (but not averting) the effect of a
malariainfection.

The first attempts to obtain a malaria vaccine were
precisely based in this concept, targeting through
attenuated sporozoite challenges in different animals
the pre-erythrocytic stages of malaria infection®. In
further studies, naive volunteers were then exposed to
UV irradiation-weakened sporozoites, obtaining a
complete immunity in 90% of the cases, although for a
short period of time?® This early studies aiming to
obtain pre-erythrocityc immunity, made scientists
believe that a malaria vaccine could be possible.
Similarly, the RTS,S malaria candidate vaccine, aso
pre-erythrocytic by design has, for the time being,
shown the most promising results, and is leading the
race for being the first malaria vaccine licensed in the
near future.

The RTS,S malaria vaccine uses a construct made
of the central repeat region of the P. falciparum
circumsporozoite protein (CSP) and the hepatitis B
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Figure 2. RTSS efficacy trials against first clinical episode. Note that efficacy point estimates have been assessed at different follow up
intervals. This chart includes only the first efficacy results of each project.

surface antigen (HBsSAQ) as a carrier. It is therefore a
recombinant subunit vaccine. Much of its success is
attributed to the adjuvant systems used in this
formulation: AS02 and ASO1. The first phase | trid in
young adults in endemic areas was conducted in The
Gambia, showing a good safety and immunogenicity
profile with a three dose schedule, but with a limited
duration of protection. Same phase trials in children
using RTS,SYAS02 were conducted in The Gambia
(children 1-11 years old), with same positive results as
in adults.*** Therefore, a phase I1b efficacy study was
conducted in 2022 Mozambican children aged 1 to 4
years, showing efficacy against clinical malaria (first
episode) of around 30%; against malaria infection of
37%, and against severe malaria of around 58%.%%
Follow up of participant children confirmed that
efficacy was maintained at least up to 45 months.* As
a logical follow-up considering that the idea target
population should be young infants, another tria
showed that the RTS,SASO2D malaria vaccine was
safe, well tolerated and immunogenic when
administered to young infants in Mozambique on a
vaccination schedule staggered with other vaccines
belonging to the EPI schedule® Trials administering
the vaccine to infants simultaneoudy to the rest of EPI
vaccines showed no apparent interferences and good
and similar safety and efficacy profiles.® Led by these

promising results, a large phase Il trial with
RTS,S/ASO1 was initiated in 11 sites in 7 African
countries including 15,460 children of two different
age categories: 6 to 12 weeks and 5 to 17 months of
age. The preliminary results of this trial have
confirmed the encouraging results obtained over the
last decade in earlier stage trids, with efficacy
estimates against first malaria episode of 50.4%, and
against severe malaria of 45.1% (in the older cohort).
The combined efficacy against severe malaria in both
age categories (children 6 weeks to 17 months) was
34.9%. There were no differences in the safety profile
of malaria vaccinated children compared with the
control group.*” Further results on safety and
immunogenicity of this vaccine will be published by
the end of the study which has been scheduled in 2013.
(Figure 2) This study, cofunded as the earlier trials of
RTS,S by GSK, and the Malaria Vaccine Initiative
(MVI) a PATH, has been the largest trial ever
conducted in children in this continent.

Other attempts to obtain a vaccine inducing pre-
erythrocytic with whole parasites (sporozoites) in the
past and a renewed interest has recently been observed
in these types of vaccines. An early study consisted of
exposing healthy volunteers to the inoculation of
radiation-attenuated P. falciparum sporozoites by
mosquito bites.®® It showed a 93% protection, although
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the number of subjectsin thistrial waslimited (only 14
subjects). Another recent study made in the
Netherlands tried to induce immunity in challenged
subjects through the inoculation of intact sporozoites
by means of mosquito bites while receiving a
prophylactic regimen of chloroquine.

An homologous challenge after discontinuation of
chloroquine showed the induction of cell mediated
protective immunity.®* A further study suggests that
this protection might last up to 2 years after artificial
immuni zation.*

The approach of an American biotech company
using the whole parasite strategy was to develop a
vaccine that could be administered applying the same
principles of radiation-attenuated P. falciparum
sporozoites (since exposing vaccine recipients to
mosquito bites is not a realistic option).* They
obtained a vaccine using parasites from mosquito’'s
sdlivary glands, irradiated them and subsequently
criopreserved them in liquid nitrogen. The first phase |
clinical trial began in May 2009 and included the skin
inoculation of this vaccine (known as PfSPZ) to 80
healthy US volunteers, but failed to show the expected
protection seen in historical trials.** Newer possibilities
to mimic the effect of irradiated sporozoites through
mosquito bites could be the development of an
intravenous vaccine or the recent strategy using non
irradiated genetically attenuated parasites, but these
aternatives still need to be explored.

Prime boost vector malaria vaccines. This is an
innovative and promising strategy which mainly targets
liver stage antigens through the combination of
different regimes and vaccine composition. Several
studies in animal models have been conducted using
different mixtures of prime and boost immunization
combinations using viral vectors which express
different P. falciparum antigens and DNA plasmids
(encoding the same antigen expressed in the vira
vector). A few antigens (mainly pre-erythrocytic) have
been targeted by both viral vectors and DNA plasmids
used alone or in prime boosting regimes, athough the
thrombospondin-related adhesive protein (TRAP) has
conferred the best immunogenicity. Likewise, severa
viral vectors (vacciniavirus, fowlpox, modified Ankara
virus, adenovirus) have been tried out.”® The use of
single DNA plasmids encoding TRAP is limited since
they have only demonstrated to induce CD8 immunity
in animal models failing to do so in humans®.
However, viral vectors have been shown to induce both
humoral and cell mediated immunity.”> * A further
extension by Draper and colleagues in animal models
have shown that a prime boost strategy (including
adenovirus type 5 and Modified Vaccinia Virus
Ankara(MVA) expressing M SP-1) regime is capable of
inducing powerful blood stage antibody responses and

can dlicit a cdl mediated response while reducing the
parasite load at the liver.?** At the moment, the
leading vaccine using a prime boost regime (which
includes a heterologous Chimpanzee Adenovirus and a
MVA) is enteing a phase Ib safety and
immunogenicity trial in Africa® Much is expected
from these vaccine platforms, athough the critical
trials in malaria endemic countries still need to confirm
what has been found in the early studies.

Asexual Blood-Stage Vaccines. Asexua blood stage
vaccines are those whose objective is preventing the
erythrocyte invasion and blocking the infected red
blood cells from adherence to several tissues, which is
indeed the onset of a clinica maaria disease. They
would not be effective towards preventing infection;
they would rather mitigate the clinical symptoms of a
malaria episode. Some authors suggest that this type of
vaccines would need to be combined in a
multicomponent vaccine with perhaps pre-erythrocityc
or sexua stage components. It is known that natural
immunity against blood stage antigens can be
induced,”” and perhaps it might aso play a major role
in the long lasting protection shown by RTS,S malaria
vaccine, due to the occurrence of “leaky” immunity
when pre-erythrocytic immunity wanes.?’

Most asexual stage vaccine candidates target the
induction of antibody response against merozoite
antigens. The targeted antigens which have been
evaluated for impact in malaria exposed children are
the apical membrane protein (AMA1), merozoite
surface protein 1 (MSP1), 2 (MSP2) and 3 (MSP3), the
glutamate-rich protein long synthetic peptide vaccine
(GRURP), the ring-infected erythrocyte surface antigen
(RESA), serine repeat antigen (SERA5) and
erythrocyte-binding antigen 175 (EBA 175).* Most
clinical trials have not shown significant impact on
preventing clinical malaria athough some of them
have shown to reduce parasite density.*** The absence
of correlates of protection and antigenic variation of
blood stage antigens dtill are some of the maor
problems of this type of vaccines.™

The results of afield trial conducted in Mali with a
malaria vaccine based on AMA1 have been recently
published. Efficacy against the primary endpoint
(clinica malaria) was poor, only 17.4% (hazard ratio
0.83, 95% ClI 0.63 to 1.09), athough the strain
specific-efficacy (against malaria caused with parasites
with AMAL1 included in the vaccine) was much higher,
suggesting that it might be worth considering this
construct for a multicomponent malaria vaccine.™

Another innovative strategy to induce asexua blood
stage immunity implies the inoculation of red blood
cells with whole attenuated merozoites, in order to
provoke a cell mediated response. This chalenge tria
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has been successfully conducted by Pombo et al in
Austrdia®” They chalenged 5 hedlthy subjects by
inoculating infected red blood cells followed by drug
cure. In the 4™ round, before the drug cure, they could
not find any parasites or antibodies in the blood of
these subjects, but rather a proliferative T cell response
involving CD4 and CD8 cells.*”*" Further trials with
larger amount of subjects are needed to confirm these
results if some logistic and technical issues involving
the use of human blood and growth of merozoites can
be overcome.

Sexual Stage Vaccines. This category would include
most of the classical transmission blocking vaccines,
term now embraced by the recent concept of “vaccines
that interrupt malaria transmission” (VIMT). Vaccines
that target the sexual stage of Plasmodia would not
protect the vaccinated recipient from a malaria episode,
but rather the community the subject belongs to (reason
why they were also called “altruistic” vaccines). These
vaccines would avoid the fertilization process of the
gametes or the invasion in the mosquito midgut, and
prevent from further development in the vector,
therefore interrupting the transmission of the disease to
the subsequent individuals. Although the immune
mechanisms have not yet been fully understood, it is
thought that the sexual stage specific antibodies,
together with cytokines and the complement, would be
taken by the mosquito in the blood meal, interfering
with the formation of a new oocyst in the vector
midgut.> There are four main antigens that have been
targeted in vaccine preclinicd trids: P230, P48/45,
which are proteins from the gametocyte and P28 and
P25 which are proteins from the zygote or ookynete
stage.® The latter, P25, is the target of the only sexual
stage candidate that has reached the clinical phase of
development. However, should these candidates be
considered for the interruption of transmission, they
would need to be applied to a large proportion of the
population of the area (since any infected person would
be capable of transmitting malaria), raising further
technical and regulatory issues.

Vaccines against vector molecules. Another vaccine
project that would have a high impact on transmission
of any Plasmodium species would be a vector
stage/ookinete stage vaccine targeting mosquito’'s
midgut molecules, which are essential for parasite
growth within the mosquito.® It has been recently
shown that ookinete invasion could be inhibited by
antibodies against aminopeptidase N (AgAPN1), a
midgut surface antigen™. Nonetheless, in case an
effective vaccine based on mosquito midgut antigens
could be developed, major deployment complexities
would also need to be addressed.

Other Vaccines

Vaccines against P Vivax. Although greater efforts
have been dedicated to vaccines against P. falciparum,
there isagrowing interest on eliciting a vaccine against
P. vivax, the most widespread malaria species in the
world, especially in South and Central America, certain
Middle Eastern countries and Asia and the South
Pacific. P. vivax is not as deadly as P. falciparum, but
causes considerable morbidity and consumes not few
health resources. Several difficulties have been
encountered to develop P. vivax vaccines. Besides the
lack of resources alocated for P. vivax vaccine
research, there have been few P. vivax target antigens
identified with vaccine potential, as compared to P.
falciparum: the CS protein, SSP2/MTRAP, the Duffy
binding protein, the MSP1, the AMA1, P25 and P28.®
The different behavior of the parasite within the human
host and the probably different immune response
induced by P. vivax (compared to P. falciparum) adds
a lot of complexity to vaccine development.®® There
have been several preclinical trials and sporozoite
challenge trials with P. vivax vaccines but up to our
knowledge, there have been few phase | clinical trials
(no phase Il trids yet). The two main targets tested at
phase | clinical phase are P. vivax circumsporozoite
(CS)*"*® and P25.*% There is an ongoing phase I/lla
trial based on a CS protein with the ASO1B adjuvant
currently being conducted in malaria naive individuals
by the U.S. Army Medica Research and Materiel
Command (USAMRMC)

Malaria vaccines for pregnancy. Most malaria vaccine
candidate trials entering clinical phases in maaria
endemic countries have taken children as study
population. The rationa is that they are the most
vulnerable group for maaria, enduring higher
morbidity and mortality. In case these vaccines provide
lifelong protection, greater advantage would be
obtained by vaccinating at early stages of life. In case
the RTS,S maaria vaccine is licensed, it would
probably be delivered with other childhood vaccines.
However, in case the duration of protection is shorter,
it is reasonable to think that periodical or boosting
vaccination would be needed to protect populations at
different stages of life. The other major high risk group
for malaria, apart from children, towards which greater
efforts need to be made to guarantee protection, are
pregnant women, who are highly vulnerable to the
disease in endemic areas. The existing knowledge gaps
in malaria in pregnancy immunology and pathogenesis
adds complexity to the objective of eliciting effective
vaccines to provide protection to mothers, fetus and
newborns,

One of these gaps involves the binding of parasitized
erythrocytes to the chondroitin sulfate A (CSA), a
glycosaminoglycan receptor found throughout the
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Table 2 summarizes alist of vaccine candidates currently under clinical development.

Vaccine Project name

[Trial registration number] *

Adjuvant

Clinical
Phase

Trial Sponsor

Comments

Pre-erythrocytic Projects
RTS,S/ASO1E CSP (207-395) & ASOL m GSK First results phase 111
[NCT00866619] HepBsAg aready published
AdCh63/MVA ME-TRAP T(RCASP:S'\Z\'E i“g&’g& Nla, ox Administered in a Prime-
[NCT01142765, NCT00890760] STARP, EXPL, pbo) I/la Boost regime
Adenovirus (Ad35) vectored
CS[NCT00371189 and CcsP la Ib NIAID
NCT01018459]
Polyepitope DNA EP1300 CSP, SSP2/TRAP, .
[NCT01169077] LSA-1, EXP-1 la NIAID DNA vaccine
Adenovirus (Ad35) and
adenovirus 26 (Ad26) vectored csp a Crucell Administered in aPrime-
CSin heterologous prime- Boost regime.
boost regimen [NCT01397227]
Adenovirus (Ad35) vectored
CSand RTS,S-ASOLin csP a GSK Administered in a Prime-
heter ologous prime-boost Boost regime.
regimen [NCT01366534]
Adenovirus (Ad26) vectored - . .
CS; Adenovirus (Ad35) csP | NIAID Administered in a Prime
vectored CS egme.
CelTOS (cell-

traversal protein for

PfCeTOS FM P012 ookinetes and USAMRMC
Sporozoites)
. Geneticaly Seattle Biomedical

f\ft t(;?u;gzé/ pc?rzc_)z(o(i;tz)et ically attenuated whole a Research Ingtitute | Genetically attenuated
[NCTO102 468%] Plasmodium (Seattle Biomed) | whole organism

falciparum organism (USA)
PfSPZ: metabolically active,
non-replicating malaria
Sporozoite vaccine Sanaria, Inc. (USA) /a1

[NCT01001650,
NCT01441167]
PfSPZ Vaccine Radiation - .
Attenuated Sporozoite Vaccine | Sanaria, Inc. (USA) I/la wﬁg?é?fﬁiﬁ;m nistration,
(Single Strains) g
Asexual Blood-stage Projects
AdCh63/MVA M SP1 MSP1 113, o Administered in aPrime-
[NCT01003314, NCT01142765] I/la Boost regime.
EBA175RI EBAL175RII, non- a'”rm”'_“'“ a1 NIAID
[NCT00347555, NCT01026246] glycosylated phospahte
FMP2.1/AS02A (AMA-1 3D7
Ec'oli-expre;sed in ASO2A AMA-L(83GY) 10 | ,cion 'f‘b”l'g)a USAMRMC
adjuvant) [NCTO00385047, 531(Glu)) I'i b '
NCT00349713, NCT00358332,
NCT00460525]
FMP2.1/AS01B (AMA-1 3D7 AMA-1 (the
E. coli expressed in ASO1B ectodomain amino .
adjuvant) acids 83(Gly) to AS0LB ia USAMRMC
[NCT00385047] 531(Glu))
FMPO10/AS01B (M SP-1 42
FVO E. coli-expressed in .
ASD1B adjuvant) MSP-1, p42 subunit AS01B la USAMRMC
[NCT00666380]
Alum,
GMZ2INCT00397449] GLURP, MSP3 DDA- la EVI
TDB
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GMZ2 field [NCT00424944,
PACTR2010060002033537] GLURP, MSP3 Alum Ib, 1l AMANET
Alum,
M SP3 (181-276) MSP3 Montanid EVI
elSA 720
M SP3 [181-276] field Ib. 1b
[NCT00452088, NCT00469651, MSP3 Alum I’Ib ’ EVI, AMANET
NCT00652275]
Aluminu
N-terminal of m
SE36 [ISRCTN71619711] SERAS, hidroxide b BIKEN
gel
JAIVAC (M SP1 19/EBA175) Mon ISA Mixture of two recombinant
[CTRI/2010/091/0003101] MSP1 19/EBALTS 720 ! ICGEB/EVI | ioteins
AMAZ1-C1: mixture
AMA1-C1/Alhydrogel®+ CPG of two AMA1 Alhydroge a, la
7909 [NCT00984763, proteins, AMA1-FVO I® b NIAID
NCT00344539, NCT00414336] and AMA1-3D7, CPG7909
mixed inal:1 ratio
BSAM-2 isamixture
of two MSP1 42
proteins, MSP1 42-
BSAM-2/Alhydroge®+CPG | o7 SR REA | AINCS | NIAID
7909 [NCT00889616] ; and two a
proteins, AMA1-FVO | CPG7910
and AMA1-3D7,
mixedinal:1:1:1
ratio
AMAL (bidldlic
codon-optimised
AdCh63 AMAT/MVA AMA1 construct with 3D7, | la OX Administered in aPrime-
[NCT01095055, NCT01142765] FV0 and common ' Boost regime.
epitopes, with tPA
leader sequence)
NMRC-M3V-Ad-PfCA . Combination vaccine (pre-
NM RC-M 3V-Ad-PfCA Y /(\31[’(23;”“;23‘?2)0' IMa USAMRMC | erythrocytic and blood
[NCT00392015] stage)
. Combination vaccine (pre-
NMRC-M3V-D/Ad- PfCA CSP (3D7 strain) and . .
[NCT00870987] AMAT1 (3D7 strain) I/lia USAMRMC erythrocyfuc and blood .
stage). Prime Boost regime
CSP, AMA1 virosomes (PEV Combination vaccine (pre-
301,302) [NCT00400101, A%ﬁ;ﬁg})‘gs’ la Ib STI erythrocytic and blood
NCT00513669] stage). Virosomal vaccine
ChAd63/AMA MVA/AMAL CPG L . .
+alhydrogel/CPG7909 AMA1 7909, | ox Qg(’)";"r':tg?nfg in aPrime-
[NCT01351948] ahydrogel )
Sexual stage projects
Recombinate Protein
Pis25-EPA/Alhydrogel Pfs25-EPA Alhydroge | | NIAID conjugated to Pseudomonas
[NCT01434381] I >
aeruginosa EPA
P. vivax Project
VM PO01/AS01B Plasmodium vivax Chimeric Reombinant
[NCT01157897] csP ASOIB | Illa USAMRMC | oy otein

Alphabetical list of abbreviations: AMA, Apica Membrane Antigen; AMANET, African Malaria Network Trust; BIKEN, Research
Foundation for Microbial Diseases of Osaka University; CSP, Circumsporozoite protein; EPA, ExoProtein A; EVI, European Vaccine
Initiative; GSK, GlaxoSmithKline Biological; GLURP, Glutamate-rich protein; ME-TRAP, Multi Epitope - thrombospondin-related
adhesive protein; MVA, Modified Vaccine Ankara; M SP, Merozoite Surface Protein; NIAID Nationa Institute of Allergy and Infectious
Diseases (USA);NIH, Nationa Insitute of Health; OX, University of Oxford (UK); SERA, Serine Repeated Antigen; STI, Swiss Tropical
Institute; USAMRMC, U.S. Army Medica Research and Materiel Command.

*|f starting by NCT, registered at clinicaltrials.gov; by CTRI, at Clinical Trids Registry, India; by ISRCTN, at International Standard
Randomized Controlled Trial Number Register; by PACTR, at Pan African Clinical Trials Registry.

placenta syncytiotrophoblast, which is thought to be a
key mechanism to produce disease in pregnant
women.®*  Experimental studies with recombinant

var2csa, a member of theP. falciparum erythrocyte
membrane protein 1 (PFEMP1), have shown that it is
possible to obtain antibodies inhibiting the adherence
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of infected erythrocytes to CSA.%? Thus, it has been
suggested that var2csa would be the idea candidate for
a malaria vaccine especially designed for pregnant
women.®® However, other receptors could also play an
important role in the adherence of the infected
erythrocytes to the placenta,® and it is not clear why
several studies have failed to show association between
different levels of 1gGs against CSA binding infected
erythrocytes and placental malariainfection.®

Establishing a conceptua framework for vaccinesto
prevent malaria during pregnancy seems a key step.
This would require designing of specific target product
profiles for mothers, fetus and newborns, which should
be accompanied by the crucia allocation of funds to
identify specific target antigens and conduct of clinical
trials for this particular risk group.®

Table 2 summarizes a list of vaccine candidates
currently under clinical development.

Vaccines that Interrupt Malaria Transmission
(VIMT). Embedded within the malERA initiative, a
rigorous scientific consultative process to identify
knowledge gaps and new tools that will be needed to
eradicate malaria globally,® the Consultative Group on
Vaccines introduced the concept of vaccines that
interrupt malaria transmission (VIMT). This concept
would include vaccines whose implementation would
entail a significant reduction in the transmission of the
disease. For example, vaccines targeting the sexua
stages of the parasite in the blood and in the mosquito,
those disrupting the development of the parasite inside
the vector and those pre-erythocytic and blood stage
vaccines that would ultimately reduce sexual and
asexual stage parasite rates.® A target product profile
(TPP), which is a series of characteristics that a
candidate product under development should take into
account, has been proposed by this group of experts
and is partially shown in table 3. We include here the
desired target of a vaccine that aims to have an impact
on transmission, although the origina TPP proposed
also includes a list of minimally acceptable targets for

aVvVIMT.?

Among the different research and development
priorities concerning VIMT, the need for greater efforts
in vaccine development against other species of
Plasmodia different to P. Falciparum is stressed
(mainly P. vivax), due to the considerable burden of
disease they are responsible for, and because targeting
these specific species is considered critica to achieve
malaria eradication. Other priorities would be: 1) in the
field of vaccine evaluation, harmonizing the available
tools for measurement of transmission rates and
developing new surrogates for malaria transmission in
a community level from individua level immune
responses. 2) Further research is needed in the field of
transmission dynamics and the biology of maaria
parasites, since very little is known on what strains
would prevail as transmission falls, or whether there
would be a niche for reemergent parasites. 3) Delivery
systems for multicomponent vaccines need to be
developed since no studies about compatibilities of
these components have been conducted 4) Research on
the immune activation by adjuvants will be crucia to
design new vaccines that could accompany new
recombinant protein-based vaccines. 5) Designing an
effective vaccine that could induce humoral immunity
against the midgut epithelium of the vector would be of
immense utility, since it would prevent human
infection by any species of Plasmodium.

Other Challenges for Malaria Vaccines. Apart from
the biological challenges in maaria vaccine
development, there are other financia, technical,
regulatory and logistical issues which will eventualy
need to be considered. The lengthy process and high
costs of developing a maaria vaccine are clear
drawbacks for pharmaceutical companies aiming to
develop them. Indeed, it has been estimated that from
conception to licensure, a malaria vaccine could need
at least 15 years of clinica development and cost
around 500 to 1000 million US dollars.?” In fact, the
RTS,S phase three clinica trial could not have been

Table 3. Target Product Profile for Vaccines that Interrupt Malaria Transmission: (Desired target)

e Indication. The vaccine should provide protection against P. falciparum and P. vivax malaria so that Regective<1.

e Target population. It should be administered to al age groups and populations, including pregnant women, persons with
immunodeficiencies, malnourished individuals or other high risk populations

Route of administration. The vaccine would be administered orally or by intramuscular or subcutaneous injection.

Product presentation. It would be available in a single dose auto-disposable compact prefilled device

Dosage schedule. A single dose vaccine that can be administered by either mass administration of clinic based programs.

Safety. The vaccine should have a safety and reactogenicity profile comparable to hepatitis B vaccine.

falciparumand P. vivax for at least 2 years.

Expected efficacy. It would reduce Regecive DElOW 1.0 in @ malaria endemic population and provide protection against P.

to safety or immunogenicity

e Coadministration. The vaccine should be coadministered with any licensed vaccine without a clinicaly significant interaction

e Shelf life. The product must have a minimum shelf life of 36 months.

e  Storage. The product should be stable at room temperature and withstand freeze thawing

e  Product registration. Product must be WHO prequalified and registered with EMEA and FDA

* Adaptation from the Target Product Profile (TPP) proposed by the malERA Consultative Group on Vaccines.®
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possible without the partnership of the pharmaceutical
industry with non-profit institutions, such us PATH-
MVI and the Bill and Melinda Gates Foundation. As
vaccine development requires such significant
investment, new malaria vaccine candidates would
need to show considerable advantages compared to
RTS,S before entering clinical development.
Consequently, this would probably meanthat any
vaccine aimed to be approved by any regulatory
agency will probably need to face non inferiority trials,
which would further increase the costs. In the ladder of
vaccine research, human challenge models are more
and more believed to be crucia in order to decide
which projects will enter advanced phases of clinica
research. In the current context of the global economic
crisis, fundraising for malaria vaccine development
will not be an easy task. Although malaria is
considered one of the “big killers’, this disease will
have to compete with others, such as AIDS or
tuberculosis, and with other vaccines that have shown
great efficacy but have not yet been implemented in
many countriesin the world.

Implementing a successful childhood vaccination
campaign in developing countries is not a trivia
undertaking. Engaging all stakeholders of the public
health sector is one crucia element, as well as
optimizing and strengthening existing delivery
methods. Any malaria vaccine targeting those who
most need it (children) would need to be staggered
within the EPlI calendar in order to be technicaly
feasible. Should malaria vaccines need one or more
booster doses (a possibility currently being assessed for

References:

1. WHO Globa Malaria Program. World Malaria Report: 2011.
Geneva: World Health Organization; 2010.

2. Teklehaimanot A, McCord GC, Sachs JD. Scaling up maaria
control in Africa an economic and epidemiological assessment.
Am J Trop Med Hyg. 2007 Dec;77(6 Suppl):138-44.
PMid:18165486

3. Aponte JJ, Schellenberg D, Egan A, Breckenridge A, Carneiro |,
Critchley J, et al. Efficacy and safety of intermittent preventive
treatment with sulfadoxine-pyrimethamine for malaria in African
infants: a pooled analysis of six randomised, placebo-controlled
trials. Lancet. 2009; 374(9700): 1533-42.
http://dx.doi.org/10.1016/S0140-6736(09)61258-7

4. Menendez C, D'Alessandro U, ter Kuile FO. Reducing the burden
of malariain pregnancy by preventive strategies. Lancet Infect Dis.
2007; 7(2): 126-35. http://dx.doi.org/10.1016/S1473-
3099(07)70024-5

5. A research agenda for malaria eradication: vaccines. PLoS Med.
2011;8(1):€1000398.
http://dx.doi.org/10.1371/journal.pmed.1000398  PMid:21311586
PMCid:3026701

6. Alonso PL, Brown G, Arevalo-Herrera M, Binka F, Chitnis C,
CollinsF, et al. A research agenda to underpin malaria eradication.

PLoS Med. 2011; 8(1): €1000406.
http://dx.doi.org/10.1371/journal.pmed.1000406  PMid:21311579
PM Cid:3026687

7. Moonen B, Cohen JM, Tatem AJ, Cohen J, Hay SI, Sabot O, €t al.
A framework for assessing the feasibility of malaria elimination.

Malar J. 2010;9:322. http://dx.doi.org/10.1186/1475-2875-9-322
Mediterr JHematol Infect Dis 2012; 4: Open Journal System

RTS,S), further delivery approaches will need to be
developed. It would be desirable to administer any
booster dose together with other EPI vaccines (such us
measles at 9 months); however, depending on the
immunological profile of the vaccine, specific mass
vaccination campaigns would need to be implemented,
which will surely have to deal with complex logistical
issues in areas where access to health systems is
limited, as well as difficulties related to suboptimal
cold chains, stock management limitations or
undertrained health care personnel, among others.

Conclusions. Many questions remain to be answered
regarding malaria vaccine research. Should the
preliminary results of the phase Ill trid of RTS,S
malaria vaccine candidate are confirmed, the goal of
licensing the first malaria vaccine will soon become a
reality. However, since this vaccine will not be fully
efficacious, second generation vaccines with greater
protection and perhaps targeting different stages of the
parasite cycle (combination vaccines) will be needed.
An intervention like a malaria vaccine must surmount
formidable biological and immunological challenges
during development. Furthermore, logistical, technical
and economic redlities pose chalenges which
scientists, hedlth care workers, padliticians and
communities need to broach successfully for effective
implementation, reaching al those who need
vaccination, to be redized. Only then, the fascinating
prospects of malaria eradication will become more
realistic.

PMid:21070659 PM Cid:2996402

8. E. Sergent, E. Sergent. C R Acad Sci Paris. 1910;151(407).

9. Nussenzweig RS, Vanderberg J, Most H, Orton C. Protective
immunity produced by the injection of x-irradiated sporozoites of
plasmodium berghei. Nature. 1967;216(5111):160-2.
http://dx.doi.org/10.1038/216160a0 PMid:6057225

10. Patarroyo ME, Amador R, Clavijo P, Moreno A, Guzman F,
Romero P, et al. A synthetic vaccine protects humans against
challenge with asexual blood stages of Plasmodium falciparum
maaria Nature. 1988;332(6160):158-61.
http://dx.doi.org/10.1038/33215820 PMid:2450281

11. Vanderberg J, Nussenzweig R, Most H. Protective immunity
produced by the injection of x-irradiated sporozoites of
Plasmodium berghel. V. In vitro effects of immune serum on
sporozoites. Mil Med. 1969;134(10):1183-90. PMid:4987037

12. Clyde DF, Most H, McCarthy VC, Vanderberg JP. Immunization
of man against sporozite-induced falciparum malaria. Am J Med
Sci.  1973;266(3):169-77. http://dx.doi.org/10.1097/00000441-
197309000-00002 PMid:4583408

13. Graves P, Gelband H, Garner P. The SPf66 Malaria VVaccine: What
is the Evidence for Efficacy? Parasitol Today. 1998;14(6):218-20.
http://dx.doi.org/10.1016/S0169-4758(98)01242-3

14. Graves P, Gelband H. Vaccines for preventing maaria (SPf66).
Cochrane Database Syst Rev. 2006(2):CD005966. PMid: 16625647

15. Ballou WR, Cahill CP. Two decades of commitment to malaria
vaccine development: GlaxoSmithKline Biologicals. Am J Trop
Med Hyg. 2007;77(6 Suppl):289-95. PMid: 18165505




16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Vreden SG, Verhave JP, Oettinger T, Sauerwein RW, Meuwissen
JH. Phase | clinical trial of a recombinant malaria vaccine
consisting of the circumsporozoite repeat region of Plasmodium
falciparum coupled to hepatitis B surface antigen. Am J Trop Med
Hyg. 1991,45(5):533-8. PMid:1835311

Stoute JA, Slaoui M, Heppner DG, Momin P, Kester KE, Desmons
P, e a. A prelimnay evaluation of a recombinant
circumsporozoite protein vaccine against Plasmodium falciparum
malaria. RTS,S Malaria Vaccine Evaluation Group. N Engl J Med.
1997 Jan 9;336(2):86-91.
http://dx.doi.org/10.1056/NEJM 199701093360202 PMid:8988885
Ellis RD, Sagara I, Doumbo O, Wu Y. Blood stage vaccines for
Plasmodium falciparum: current status and the way forward. Hum
Vaccin. 2010;6(8):627-34. http://dx.doi.org/10.4161/hv.6.8.11446
PMid:20519960 PM Cid:3056062

Wang R, Doolan DL, Le TP, Hedstrom RC, Coonan KM,
Charoenvit Y, et a. Induction of antigen-specific cytotoxic T
lymphocytes in humans by a malaria DNA vaccine. Science.
1998;282(5388):476-80.
http://dx.doi.org/10.1126/science.282.5388.476 PMid:9774275
Draper SJ, Moore AC, Goodman AL, Long CA, Holder AA,
Gilbert SC, et a. Effective induction of high-titer antibodies by
viral  vector vaccines. Nat Med. 2008;14(8):819-21.
http://dx.doi.org/10.1038/nm.1850 PMid:18660818

Bruder JT, Stefaniak ME, Patterson NB, Chen P, Konovalova S,
Limbach K, et a. Adenovectors induce functional antibodies
capable of potent inhibition of blood stage malaria parasite growth.
Vaccine. 2010;28(18):3201-10.
http://dx.doi.org/10.1016/j.vaccine.2010.02.024 PMid:20188680
WHO, Immunization Service Delivery. Excerpt by Prof Orin
Levine. [cited 10/11/2011] Available from
http://who.int/immunization_delivery/optimize/en/

Aly AS, Vaughan AM, Kappe SH. Malaria parasite development in
the mosquito and infection of the mammalian host. Annu Rev
Microbiol. 2009;63:195-221.
http://dx.doi.org/10.1146/annurev.micro.091208.073403
PMid:19575563 PM Cid: 2841446

Dubovsky F, Rabinovich R. Malaria Vaccines. In: Plotkin SA,
Orenstein WA, editors. Vaccines. Fourth ed. Philadelphia
Saunders; 2004. p. 1283-9.

A research agenda for malaria eradication: monitoring, evaluation,
and surveillance. PLoS Med. 2011;8(1):€1000400.
http://dx.doi.org/10.1371/journal.pmed.1000400 PMid:21311581
PMCid:3026689

Aide P, Bassat Q, Alonso PL. Towards an effective maaria

vaccine. Arch Dis Child. 2007;92(6):476-9.
http://dx.doi.org/10.1136/adc.2005.092551 PMid:17515617
PMCid:2066178

Guinovart C, Aponte JJ, Sacarlal J, Aide P, Leach A, Bassat Q, et

a. Insights into long-lasting protection induced by RTS,S/AS02A
malaria vaccine: further results from a phase Ilb tria in

Mozambican  children. PLoS One 2009;4(4):€5165.
http://dx.doi.org/10.1371/journal.pone.0005165  PMid:19365567
PM Cid: 2666156

Rieckmann KH, Beaudoin RL, Cassells JS, Sell KW. Use of
attenuated sporozoites in the immunization of human volunteers
against falciparum malaria. Bull World Health Organ. 1979;57
Suppl 1:261-5. PMid:120773 PMCid:2395727

Doherty JF, Pinder M, Tornieporth N, Carton C, Vigneron L,
Milligan P, et a. A phase | safety and immunogenicity trial with
the candidate malaria vaccine RTS,S/SBAS2 in semi-immune
adults in The Gambia. Am J Trop Med Hyg. 1999;61(6):865-8.
PMid:10674660

Bojang KA, Olodude F, Pinder M, Ofori-Anyinam O, Vigneron L,
Fitzpatrick S, et a. Safety and immunogenicty of RTS,S/AS02A
candidate malaria vaccine in Gambian children. Vaccine.
2005;23(32):4148-57.
http://dx.doi.org/10.1016/j.vaccine.2005.03.019 PMid: 15964483
Macete E, Aponte JJ, Guinovart C, Sacarlal J, Ofori-Anyinam O,
Mandomando |, et a. Safety and immunogenicity of the
RTS,SYAS02A candidate malaria vaccine in children aged 1-4 in
Mozambique. Trop Med Int Health. 2007;12(1):37-46.
PMid:17207146

Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E, Milman J, et
a. Efficacy of the RTS,SYASO2A vaccine against Plasmodium

Mediterr JHematol Infect Dis 2012; 4: Open Journal System

33.

35.

36.

37.
38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49.

falciparum infection and disease in young African children:
randomised controlled trial. Lancet. 2004;364(9443):1411-20.
http://dx.doi.org/10.1016/S0140-6736(04)17223-1

Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E, AideP, et al.
Duration of protection with RTS,SYAS02A malaria vaccine in
prevention of Plasmodium falciparum disease in Mozambican
children: single-blind extended follow-up of a randomised
controlled trial. Lancet. 2005;366(9502):2012-8.
http://dx.doi.org/10.1016/S0140-6736(05)67669-6

. Sacarlal J, Aide P, Aponte JJ, Renom M, Leach A, Mandomando I,

et a. Long-term safety and efficacy of the RTS,S/AS02A malaria
vaccine in Mozambican children. J Infect Dis. 2009;200(3):329-36.
http://dx.doi.org/10.1086/600119 PMid:19569964

Aponte JJ, Aide P, Renom M, Mandomando |, Bassat Q, Sacarlal J,
et a. Safety of the RTS,SYAS02D candidate malaria vaccine in
infants living in a highly endemic area of Mozambique: a double
blind randomised controlled phase I/llb trial. Lancet.
2007;370(9598):1543-51. http://dx.doi.org/10.1016/S0140-
6736(07)61542-6

Abdulla S, Oberholzer R, Juma O, Kubhoja S, Machera F, Membi
C, et a. Safety and immunogenicity of RTS,SYAS02D malaria
vaccine in infants. N Engl J Med. 2008;359(24):2533-44.
http://dx.doi.org/10.1056/NEJM 020807773 PMid:19064623

First Results of Phase 3 Trial of RTS,.SYAS01 Malaria Vaccine in
African Children. N Engl JMed. 2011.

Hoffman SL, Goh LM, Luke TC, Schneider I, Le TP, Doolan DL,
et a. Protection of humans against malaria by immunization with
radiation-attenuated Plasmodium falciparum sporozoites. J Infect
Dis.  2002;185(8):1155-64.  http://dx.doi.org/10.1086/339409
PMid:11930326

Roestenberg M, McCall M, Hopman J, Wiersma J, Luty AJ, van
Gemert GJ, et al. Protection against a malaria challenge by
sporozoite inoculation. N Engl J Med. 2009;361(5):468-77.
http://dx.doi.org/10.1056/NEJM 020805832 PMid: 19641203
Roestenberg M, Teirlinck AC, McCal MB, Teden K, Makamdop
KN, Wiersma J, et al. Long-term protection against malaria after
experimental sporozoite inoculation: an open-label follow-up
study. Lancet. 2011;377(9779):1770-6.
http://dx.doi.org/10.1016/S0140-6736(11)60360-7

Hoffman SL, Billingsley PF, James E, Richman A, Loyevsky M,
Li T, et a. Development of a metabolically active, non-replicating
sporozoite vaccine to prevent Plasmodium falciparum malaria
Hum Vaccin. 2010;6(1):97-106.
http://dx.doi.org/10.4161/hv.6.1.10396 PMid:19946222

Epstein JE, Tewari K, Lyke KE, Sim BK, Billingsley PF, Laurens
MB, et al. Live Attenuated Malaria Vaccine Designed to Protect
through Hepatic CD8+ T Cell Immunity. Science. 2011.

Hill AV. Vaccines against malaria. Philos Trans R Soc Lond B
Biol Sci. 2011;366(1579):2806-14.
http://dx.doi.org/10.1098/rstb.2011.0091 PMid:21893544
PMCid:3146776

. Richie T. High road, low road? Choices and challenges on the

pathway to a malaria vaccine. Parasitology. 2006;133 Suppl:S113-
44. http://dx.doi.org/10.1017/S0031182006001843
PMid:17274843
Liu MA. Immunologic basis of vaccine vectors. Immunity.
2010;33(4):504-15.
http://dx.doi.org/10.1016/j.immuni.2010.10.004 PMid:21029961
Draper SJ, Goodman AL, Biswas S, Forbes EK, Moore AC,
Gilbert SC, et al. Recombinant viral vaccines expressing merozoite
surface protein-1 induce antibody- and T cell-mediated multistage
protection against malaria. Cell Host Microbe. 2009;5(1):95-105.
http://dx.doi.org/10.1016/j.chom.2008.12.004

Pombo DJ, Lawrence G, Hirunpetcharat C, Rzepczyk C, Bryden
M, Cloonan N, et al. Immunity to malaria after administration of
ultra-low doses of red cells infected with Plasmodium falciparum.
Lancet. 2002;360(9333):610-7. http://dx.doi.org/10.1016/S0140-
6736(02)09784-2

WHO. Tables of Maaria Vaccine Projects Globally. "The Rainbow
Tables': Initiative for Vaccine Research (IVR); 2010.

Genton B, Betuela |, Felger I, Al-Yaman F, Anders RF, Saul A, et
a. A recombinant blood-stage malaria vaccine reduces
Plasmodium falciparum density and exerts selective pressure on
parasite populations in a phase 1-2b trial in Papua New Guinea. J
Infect Dis. 2002;185(6):820-7. http://dx.doi.org/10.1086/339342




50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

PMid:11920300

Thera MA, Doumbo OK, Coulibaly D, Laurens MB, Quattara A,
Kone AK, et a. A field trial to assess a blood-stage malaria
vaccine. N Engl J Med. 2011;365(11):1004-13.
http://dx.doi.org/10.1056/NEJM 021008115 PMid:21916638
McCarthy JS, Good MF. Whole parasite blood stage malaria
vaccines: a convergence of evidence. Hum Vaccin. 2010;6(1):114-
23. http://dx.doi.org/10.4161/hv.6.1.10394 PMid:19946204
Arevalo-Herrera M, Solarte Y, Marin C, Santos M, Castellanos J,
Beier JC, et al. Malaria transmission blocking immunity and sexual
stage vaccines for interrupting malaria transmission in Latin
America Mem Inst Oswaldo Cruz. 2011;106 Suppl 1:202-11.
http://dx.doi.org/10.1590/S0074-02762011000900025

Dinglasan RR, Jacobs-Lorena M. Flipping the paradigm on malaria
transmission-blocking vaccines. Trends Parasitol. 2008;24(8):364-
70. http://dx.doi.org/10.1016/].pt.2008.05.002 PMid:18599352

. Dinglasan RR, Kalume DE, Kanzok SM, Ghosh AK, Muratova O,

Pandey A, et a. Disruption of Plasmodium falciparum
development by antibodies against a conserved mosquito midgut
antigen. Proc Natl Acad Sci U S A. 2007;104(33):13461-6.
http://dx.doi.org/10.1073/pnas.0702239104 PMid:17673553
PMCid: 1948931

Valencia SH, Rodriguez DC, Acero DL, Ocampo V, Arevalo-
Herrera M. Platform for Plasmodium vivax vaccine discovery and
development. Mem Inst Oswaldo Cruz. 2011;106 Suppl 1:179-92.
http://dx.doi.org/10.1590/S0074-02762011000900023
Arevalo-Herrera M, Chitnis C, Herrera S. Current gtatus of
Plasmodium vivax vaccine. Hum Vaccin. 2010;6(1):124-32.
http://dx.doi.org/10.4161/hv.6.1.9931

Herrera S, Bonelo A, Perlaza BL, Fernandez OL, Victoria L, Lenis
AM, et a. Safety and elicitation of humoral and cellular responses
in colombian malaria-naive volunteers by a Plasmodium vivax
circumsporozoite protein-derived synthetic vaccine. Am J Trop
Med Hyg. 2005;73(5 Suppl):3-9. PMid:16291760

Herrera S, Fernandez OL, Vera O, Cardenas W, Ramirez O,
Palacios R, et al. Phase | safety and immunogenicity trial of
Plasmodium vivax CS derived long synthetic peptides adjuvanted
with montanide ISA 720 or montanide ISA 51. Am J Trop Med

Hyg. 2011;84(2 Suppl):12-20.
http://dx.doi.org/10.4269/ajtmh.2011.09-0516 PMid:21292873
PMCid:3032485

Malkin EM, Durbin AP, Diemert DJ, Sattabongkot J, Wu Y, Miura

K, et al. Phase 1 vaccine trial of Pvs25H: a transmission blocking
vaccine  for  Plasmodium  vivax ~maaria  Vaccine
2005;23(24):3131-8.
http://dx.doi.org/10.1016/j.vaccine.2004.12.019 PMid:15837212
Wu Y, Ellis RD, Shaffer D, Fontes E, Malkin EM, Mahanty S, et
a. Phase 1 triad of maaria transmisson blocking vaccine
candidates Pfs25 and Pvs25 formulated with montanide ISA 51.

PLoS One. 2008;3(7):e2636.
http://dx.doi.org/10.1371/journal.pone.0002636  PMid: 18612426
PMCid: 2440546

61.

62.

63.

65.

66.

67.
68.

69.

70.

71.

Menendez C, Moorthy VS, Reed Z, Bardgji A, Alonso P, Brown
GV. Development of vaccines to prevent malaria in pregnant
women: WHO MALVAC meeting report. Expert Rev Vaccines.
2011;10(9):1271-80. http://dx.doi.org/10.1586/erv.11.95
PMid:21919617

Nielsen MA, Pinto VV, Resende M, Dahlback M, Ditlev SB,
Theander TG, et a. Induction of adhesion-inhibitory antibodies
against placental Plasmodium falciparum parasites by using single
domains of VAR2CSA. Infect Immun. 2009;77(6):2482-7.
http://dx.doi.org/10.1128/IA1.00159-09 PMid:19307213
PMCid: 2687338

Salanti A, Dahlback M, Turner L, Nidsen MA, Bafod L,
Magistrado P, et a. Evidence for the involvement of VAR2CSA in
pregnancy-associated malaria. J Exp Med. 2004;200(9):1197-203.
http://dx.doi.org/10.1084/jem.20041579 PMid:15520249
PMCid:2211857

. Rogerson SJ, Beeson JG, Mhango CG, Dzinjalamaa FK,

Molyneux ME. Plasmodium falciparum rosette formation is
uncommon in isolates from pregnant women. Infect Immun.
2000;68(1):391-3. http://dx.doi.org/10.1128/1A1.68.1.391-393.2000
PMid:10603414 PMCid:97147

Cox SE, Staalsoe T, Arthur P, Bulmer JN, Hviid L, Y eboah-Antwi
K, e al. Rapid acquisition of isolate-specific antibodies to
chondroitin sulfate A-adherent plasmodium falciparum isolates in
Ghanaian primigravidae. Infect Immun. 2005;73(5):2841-7.
http://dx.doi.org/10.1128/1A1.73.5.2841-2847.2005
PMid:15845489 PM Cid:1087373

WHO. Maaria Vaccine Rainbow Tables. [cited 05/12; Available
from:

http://www.who.int/vaccine research/links/Rainbow/en/index.html
Bonn D. Filling the vaccine gap. Lancet Infect Dis. 2005;5(1):7.
http://dx.doi.org/10.1016/S1473-3099(04)01235-6

Gordon DM, McGovern TW, Krzych U, Cohen JC, Schneider I,
LaChance R, et al. Safety, immunogenicity, and efficacy of a
recombinantly produced Plasmodium falciparum circumsporozoite
protein-hepatitis B surface antigen subunit vaccine. J Infect Dis.
1995;171(6):1576-85.  http://dx.doi.org/10.1093/infdig/171.6.1576
PMid: 7769295

Bojang KA, Milligan PJ, Pinder M, Vigneron L, Alloueche A,
Kester KE, et al. Efficacy of RTS,S/AS02 malaria vaccine against
Plasmodium falciparum infection in semi-immune adult men in
The Gambia: a randomised trial. Lancet. 2001;358(9297):1927-34.
http://dx.doi.org/10.1016/S0140-6736(01)06957-4

Bejon P, Lusingu J, Olotu A, Leach A, Lievens M, Vekemans J, et
a. Efficacy of RTS,S/ASOLE vaccine against malariain children 5
to 17 months of age. N Engl J Med. 2008;359(24):2521-32.
http://dx.doi.org/10.1056/NEJM 020807381 PMid:19064627
PMCid: 2655100

WHO. Mdaria Vaccine Rainbow Tables. 2011 [cited 05/12/2011;
Available from:
http://www.who.int/vaccine research/links/Rainbow/en/index.html

Mediterr JHematol Infect Dis 2012; 4: Open Journal System



