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ABSTRACT

It has been estimated that nearly half of the world’s population is
at the risk of contracting malaria with sub Saharan Africa being the
most risky area. The existing frontline malaria control interventions
are not only expensive but also become ineffective owing to the
emergence of insecticide and drug resistance. It calls for an
innovative approach in terms of potential and reliable vaccine as
an additional tool. Over centuries, the public health experts have
been actively engaged to formulate a safe, affordable and potential
malaria vaccine and accordingly a notable achievement has also
been attained. However, many challenges are required to be flagged
immediately and effectively to devise an ideal prophylactic malaria
vaccine. Therefore, the global community has to remain waiting
quite a few more years to build a wannabe malaria-free world in
the near future.
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INTRODUCTION

Malaria is one of the most common mosquito-borne diseases
in the tropical and subtropical countries.!" It is a disease of poverty
inflicting a serious negative impact on health and socioeconomic
development in the poorest countries of the world that cannot
afford to succeed.” The recent World Health Organization
(WHO) Malaria Report 20118 estimates that 3.3 billion people
were at the risk of malaria in 2010, although of all geographical
regions, populations living in sub-Saharan Africa (SSA) have the
highest risk of acquiring malaria; among 216 million episodes
of malaria in 2010, which approximately 81%, or 174 million
cases, were reported from the African Region. There were an
estimated 655,000 of malaria deaths in 2010, of which 91% were
from Africa. Despite the availability of effective interventions,
malaria still remains to be one of the most important causes of
maternal and childhood morbidity and mortality.

MALARIA PARASITES: THE SILENT KILLERS

Malaria parasites comprise a diverse group of protozoans
that infect reptiles, mammals and birds and that are transmitted
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through the bite of different families of
blood-feeding insect vectors.>® They encompass
two closely related genera, Plasmodium and
Haemoproteus,®! which contain about 170 and 150
morphologically distinct species, respectively.©
Human beings may be infected by the five species
of Plasmodium, however both Plasmodium falciparum
and Plasmodium vivax can cause severe disease,
but P falciparum has been the focus of most
vaccine-related research. Plasmodium ovale and
Plasmodium malariae are rarely considered as
vaccine targets, whereas Plasmodium knowlesi, a
primate malarial parasite that was used in the early
blood-stage vaccine studies,[”® has only recently
emerged as the cause of a naturally acquired
infection in humans."

P. falciparum causes the most severe infections
and nearly all malaria-related deaths!'"” and P, vivax,
which accounts for 70 million to 80 million malaria
infections each year in Asia, Oceania and south
America but which is rare in most of Africa.l'l The
extensive diversity of malarial surface antigens is
one of the main reasons why clinical immunity
develops only after repeated infections with the
same species over several years.[!%

THE COMPLEX LIFE CYCLE OF
PLASMODIUM PARASITE

The life cycle of parasites is extremely complex
[Figure 1] and comprises morphologically and
antigenically distinct stages that are targeted by
stage-specific immunity.'”? A malarial infection
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Figure 1. Life cycle of Malaria parasite

Figure 1: Life cycle of malaria parasite
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starts when the sporozoite stage of the unicellular
protozoan Plasmodium is introduced by the female
Anopheles mosquito in a vertebrate organism during
ablood-feed. Some sporozoites find their way to the
liver and infect hepatocytes. Inside the hepatocyte
the parasite transforms itself and proliferates
massively into the merozoite stage that will infect
erythrocytes. Subsequent cyclic erythrocytic stages
are responsible for the symptoms, complications
and fatality associated with malaria.*

After a few cycles of asexual stages, some of the
infected erythrocytes differentiate into gametocytes
and once ingested by the mosquito through a blood
meal, it undergoes fertilization generating an oocyst.
The sporozoites, produced in the oocyst, migrate to
the mosquito salivary glands and are then ready to be
introduced into the next vertebrate host.!'*l Notably,
two of the human malaria parasite species, P. vivax
and P, ovale, produce dormant liver stages, known as
hypnozoites, that are the sources of relapses weeks
or months after the primary infection.!?

EXISTING MAJOR MALARIA
INTERVENTIONS

Vector control is remains considered to be a
cornerstone in malaria control. In the recent past,
a few countries have attained malaria elimination
by employing exiting front-line vector control
interventions such as indoor residual spraying (IRS)
and long lasting insecticide-treated nets (LLITNs)
and active case management.'¥ However malaria
continues as a leading public health problem in
the developing economies and remain as a serious
threat to humankind due to the emergence of
drug resistance, unaffordable potent antimalarials,
fragile health care facilities and the absence of
reliable vaccine.!'413!

Large number of malaria deaths could be
reduced further by increasing coverage with
existing control tools, but it is generally recognized
that this would not be sufficient to achieve the
high level of control that would be needed to make
elimination a credible objective.!’®! Furthermore,
the limited successes that have been achieved in
high transmission areas in SSA are threatened
by the potential spread of artemisinin-resistant
strains of P, falciparum from Southeast Asial'”! and
by the spread of strains of Anopheles gambiae that
are highly resistant to pyrethroids.!'¥! Therefore
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additional tools will be required to achieve effective
malaria control in these high-transmission areas.¢

In this context, malaria vaccine could be a
one of the most cost-effective as well as reliable
complementary tool to reduce/contain the
prevailing global malaria burden. A malaria
vaccine for mass immunization delivered cheaply
and widely can provide a long lasting protection
and a massive effect on global public health.
However, such a vaccine does not currently exist.
Nevertheless, history teaches that complacency
and an over-reliance on a small number of tools
such as insecticide-treated nets (ITNs), IRS
and Artemisinin (ART) to combat malaria are
dangerous. There is therefore still a pressing need
for a vaccine to complement other control and
potential elimination tools.!"!

Globally, over the past several decades numerous
stringent efforts have been made in order to
develop effective and affordable preventive malaria
vaccines. However the past decade is an important
milestone in the malaria/global public health
history, since there is a collective global-partnership
and commitment among the international donors,
public-private  venture, research institutions,
pharmaceutical industries and malariologist to
address this age-old curse of poverty/humanity
by stimulating the significant malaria vaccine
research and development targeting various stages
of the malaria parasites. As a result, world-wide
there are several clinical trials are underway and
the preliminary results are relatively encouraging
and hopeful. In this context, the present scrutiny
becomes more significant and pertains. It is an
attempt to identify the existing barriers and how
the global public health experts can explore and
address the existing major challenges and issues
to minimize the global malaria burden ultimate
eradication by administering the safe, reliable,
effective and affordable vaccines.

METHODS

In order to collect appropriate research materials
for the present scrutiny, a detailed search on
Scopus, Medline, Google Scholar and Academic
Search Premier Databases has been carried out
for the time period 1990-2011. A Boolean search
strategy was adopted and the key words entered
for search are “malaria vaccine,” “malaria control
and prevention,” “malaria interventions” malaria
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vaccine trials” and “malaria control challenges
and issues” in differing orders, in order to extract
studies. Only articles, notes and reviews were
chosen and their bibliographic details (authors,
title, full source, document type and addresses)
were downloaded to a file for this narrative review.

Malaria vaccines: A hope for the future

Malaria vaccines could be one of the most
cost-effective interventions to reduce the enormous
burden of disease in the poorest countries of the
world.?! Malaria vaccine development has been
fuelled by new technology enabling the sequencing
of the P falciparum, P. vivax and A. gambiae
genomes and the development of experimentally
relevant animal models, combined with significant
increases in financial resources from funders
such as the Bill and Melinda Gates Foundation,
the European Union, the US National Institutes
of Allergy and Infectious Diseases and the US
Agency for International Development.??!! Efforts
to develop a vaccine have a winding and rather
chequered history, but during the past decade
a concerted international effort is now finally
coming to fruition. It has resulted in accelerated
clinical development of malaria vaccines targeting
various stages of the malaria parasite life cycle.??

Significance of malaria vaccine

In the recent past, vaccines against infectious
diseases have proved to be very effective. Likewise,
malaria vaccines are being developed to achieve
both protection of the vaccinated individual and
the reduction of malaria transmission through
the community.?! Malarial vaccine development
is hope for successful control of malaria. Several
malarial vaccine candidates have been recently
identified and the genetic manipulation of these
candidates is becoming more efficient with the
advancement of new biotechnologies.?* Currently,
there are 38 P, falciparum and two P, vivax candidate
malaria vaccines or vaccine components in
advanced preclinical or clinical development as
listed by the WHO Malaria Vaccine Rainbow
Tables.??!

Potential targets of malaria vaccines

Malaria vaccine candidates are categorized
according to the Plasmodium life cycle stage at which
the targeted antigen is expressed.?!! Four stages
of the malaria parasite’s life cycle have been the
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targets of vaccine development efforts [Figure 2]:
The stage that is inoculated by the mosquito into
the human host (sporozoite); the liver stage before
the parasite invades the human red blood cells
(RBCs) (pre-erythrocytic [PE] stage); the stage
when the parasite is invading or growing in the
RBCs (merozoite, erythrocytic stage); and the
stage when the gametocytes, after being ingested
by a mosquito, leave the RBCs and fuse to form a
zygote which then continues the infection in the
mosquito vector (gametocyte stage).!

Types of malaria vaccine
PE stage vaccine

A great deal of effort has focused on vaccines
targeting the asexual blood stage, because this
approach can directly reduce morbidity and
mortality associated with malarial disease in
humans.*! Among the four stages the first two
stages are often grouped as “PE stages”, the
sporozoites being inoculated by the mosquito
into the human blood stream; and the parasites
developing inside human liver cells. PE stages
vaccine usually aim to completely prevent
infection,?” it would be ideal for travelers because
it would prevent the advent of clinical disease if

Pre-erythrocytic
vaccine
Blood Stage
Vaccine
)
Qocyst ‘
QOokinete y ‘
Zygote 7 Transmission
/ \ Blocking Vaccine *
Gametes @ |
t t ‘
)

Figure 2: Potential targets of malaria vaccine development
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completely efficacious. A partially efficacious PE
vaccine would be expected to reduce the incidence
of new blood stage infections. This in itself may
reduce the incidence of morbid episodes.?®!
Implications of PE stage vaccine

The sporozoite stage of P. falciparum is one of
the potential targets of malaria vaccine. If immune
mechanisms can prevent sporozoites from entering
or developing within hepatocytes, the release of
merozoites from the liver and the resulting clinical
malaria will thereby be averted. Thus an effective
sporozoite vaccine should stimulate the production
of serum antibodies capable of neutralizing
sporozoites before they can invade hepatocytes.
Ideally such a vaccine would also be recognized
by T cells, thus generating immunological memory
capable of boosting the antibody response upon
subsequent exposures to sporozoites.?” In addition,
an ideal vaccine should sensitize cytotoxic T cells
and cytokine-producing T cell subsets as these
T cells interfere with the exoerythrocytic cycle of
parasite development.
Anti-asexual blood stage (erythrocytic) vaccine

Vaccines targeting the blood stages of malaria
are intended to reduce morbidity and mortality
and are being developed in hopes of creating a
multistage multiantigen vaccine.BU It reduces
malaria related morbidity and mortality among the
most susceptible groups (i.e., children <5 years old
and pregnant women) living in areas where malaria
is endemic.? Erythrocytic vaccine strategies aim
to elicit antibodies that will inactivate merozoites
and/or target malarial antigens expressed on the
RBC surface, thus inducing antibody-dependent
cellular cytotoxicity and complement lysis; they
also are intended to elicit T-cell responses that
will inhibit the development of the parasite in
RBCs. This type of vaccine would mostly serve as
a disease-reduction vaccine in endemic countries
by decreasing the exponential multiplication of
merozoites.?!
Implications of anti-asexual blood stage vaccine

Natural immunity against malaria which
should have been acquired over time, because of
multiple infective bites is lost due to the absence
of continued exposure. The goal of blood stage
malaria vaccines is to protect against disease and
death, which can be achieved through acquisition
of such immunity.?¥ A blood stage vaccine to
P falciparum malaria would offer enormous
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benefit to the public health, particularly for the
expectant mother, infants and children living in
endemic areas.
Transmission blocking vaccines

TBVs could block transmission of malaria
from mosquitoes to humans would offer another
important tool in the fight against malaria.>
A successful TBV employing the Anopheline
midgut alanyl aminopeptidase N 1 antigen would
break the transmission cycle effectively, using the
human body to create antibodies against antigens
present on the sexual stages of the parasites,
which develop in the mosquito midgut and thus
block their development in the vector mosquito.?*!
Ultimately it breaks the complex cycle of malaria
transmission and helps to tackle the malaria
community’s long-term goal of eradication.!®”
Implications of TBVs

In most malaria-endemic locations, TBV
coverage, even if partial, would reduce disease
and death due to malaria. In areas of relatively
low transmission, as in most endemic locations
outside tropical Africa and also possibly in parts
of tropical Africa itself, malarial would be reduced
probably in direct proportion to the effective
coverage with TBVs. In many situations of low
malaria endemicity, transmission could be stopped
by TBVs. 23

In some more highly endemic areas; the
deployment of TBVs in conjunction with more
traditional measures like ITNs and IRS could bring
the end of malaria transmission within reach.
Even incomplete TBV coverage would slow the
build-up of malaria epidemics and reduce their
size very substantially in many situations.*! As
malarial infections are transmitted mainly within
a few hundreds of meters from an infectious
human source, TBVs used within a community
would protect the immediate neighborhood of
the vaccinated individuals.’” The inclusion of
a TBV would also greatly prolong the useful life
of vaccines against other stages by preventing
the spread of parasites that become resistant to
these vaccines.?”!
Malaria vaccine clinical trials

Evaluation of vaccine candidates in clinical trials
is a cornerstone in the selection process of product
development. Generally, <10% of preclinical
vaccine projects progress to Phase III clinical
evaluation.’® Downstream, selection of vaccine
candidates is based on safety and immunogenicity
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profiles (Phase I). Vaccine efficacy can be tested
by experimental infections in humans (Phase Ila)
or by naturally acquired infections in malaria
endemic areas at a small (Phase IIb) or larger scale
(Phase III).*! Clinical development is also time
consuming and costly.?!!
Prior clinical trials

TheRTS, S” also called “RTS, S/AS” isa vaccine
that targets the circumsporozoite protein and when
given with an adjuvant system (ASO1 or AS02) has
consistently shown protection against P. falciparum
malaria in children and infants in phase 2 trials.[0-4
But the vaccine have had an acceptable side-effect
profile and was immunogenic in children who were
6 weeks of age or older. In addition, the vaccine
could be administered safely with other childhood
vaccines,!*4 and provided protection against
severe malaria.*!

The on-going major clinical trial
Phase Il safety and efficacy trial of the RTS, S malaria
vaccine candidate

RTS, S is the most clinically advanced
malaria vaccine candidate in the world today. In
clinical trials, it is the first to demonstrate that it
could help protect young children and infants
in malaria-endemic areas against infection and
clinical disease caused by P. falciparum, the most
deadly species among the malarial parasites.! !4
The launch of the Phase I11 efficacy trial of the RTS,
S malaria vaccine candidate marked an important
milestone after more than 20 years of research
and development. The trial started in May 2009
and is now underway at 11 sites in seven African
countries (Burkina Faso, Gabon, Ghana, Kenya,
Malawi, Mozambique and Tanzania). Together,
the 11 sites completed enrolment in January 2011,
with the participation of 15,460 infants and young
children, making this the largest malaria vaccine
trial to date.”!

The trial initial results show that the RTS,
S/AS01 vaccine has reduced the occurrence of
malaria by half in children of 5-17 months of age
in the 12 months after vaccination and that the
vaccine is potent enough to cause a significant
effect on the burden of malaria in young African
children. But additional information on vaccine
efficacy among young infants and the duration
of protection are critical to determine how this
vaccine could be used most effectively to control
malaria. 8!
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A similar analysis is required to be conducted
in the infant group within the end of 2012. An
additional data set, which will include information
about the vaccine’s longer-term protective ability
for both groups of children, should be available
by the end of 2014 which can provide evidence
for national and international public health
organizations to evaluate the vaccine candidate’s
full potential for use.*”! If the required regulatory
and public health information, including safety
and efficacy data from the Phase III program, is
deemed satisfactory, the WHO has indicated that
a policy recommendation for the RTS, S malaria
vaccine candidate is possible as early as 2015,
paving the way for decision making by African
nations regarding large-scale implementation of
the vaccine through their national immunization
programs.4’!

Daunting challenges and thorny issues

A safe and effective malaria vaccine can
contribute greatly to control and prevention of
disease. Although a review of global activity
in malaria vaccine development does reflect
significant activity, its progress has remained slow.
Pursuing the current research and development
strategies may not result in the availability of a
vaccine with the characteristics suitable to impact
significantly on disease morbidity in developing
countries. Therefore, it is critical that the main
challenges to malaria vaccine development
be unambiguously identified and collectively
addressed.*

Unique features of malaria parasites

Human being a relationship with parasites
has been a long one on the evolutionary scale.
The methods adopted by parasites to thrive and
colonize living organisms are truly fascinating.
Along with basic features such as fecundity and
resistant cyst structures, the parasites exhibit a
fine-tuning of modifications in response to attack
by the host immune system. While the host fights
the parasites through its armory of immune as
well as certain behavioral responses, the parasites
appear to use the host immune responses towards
quorum sensing, limiting their own number,
however surviving,. 13
Antigenic diversity and immune evasion of malaria
parasite

Parasite diversity is a cornerstone of
host-parasite relationships, which become more
complex with increasing numbers of participating
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actors. For example, if a host species interacts
with many parasite species, its immune system is
likely affected by more natural selection pressures
than if it interacts with just a few parasite
species.’” Understanding the population structure
of the malaria parasite and how it is genetically
distinct in different regions, may open up new
avenues to area-specific control measures.?!

A few hundred species have been described
by examination of different morphological traits
of these microscopic organisms. However, recent
studies based on parasite identification by means
of deoxyribonucleic acid sequence differences
have revealed a much higher diversity of malaria
parasites. Thus, only in birds, this group could
include up to 10,000 distinct species.’? Early
optimism for vaccines, particularly for sporozoite
vaccines, was tempered as the problems caused by
genetic (hence, antigenic) variability of the parasite
and the difficulty of generating high levels of durable
immunity emerged.P? Against a parasite with
more than 5200 genes, the inadequacy of definitive
knowledge regarding the nature of protective
immunity and absence of reliable surrogates
of protection are among the key challenges to a
rational evaluation and prioritization of candidate
vaccines. !

Need better understanding on host specificity

Determination of host specificity or host range
of human malaria parasites is of great importance
not only for further understanding the parasite
biology but also for better malaria control. Surveys
of malaria parasites in great apes are thus required.
Besides, the investigation of malaria infection
in great apes should be helpful for the primates’
health and biodiversity conservation efforts.!*
Require better understanding

An understanding of the biology and
epidemiology of malaria transmission is critical to
the deployment of malaria TBVs. Because malaria
depends for its transmission upon contact between
a human population and appropriate species
of Anopheles mosquito, malaria transmission is
strictly limited to within certain distances of the
aqueous breeding sites of these mosquitoes.”
Pre-clinical assessment of the whole organism
PE vaccine strategies is important for translation
to clinical trials in humans. Prioritizing the most
potent and safe strategy is important to build on
the momentum for arrested Plasmodium liver stages
as anti-malarial vaccines.
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Mathematical models

A potential limitation of current malaria
challenge models involving sporozoite infection
relates to the uncontrolled number of sporozoites
inoculated by biting mosquitoes. This number
is generally thought to vary up to a maximum
of several thousand sporozoites.’%” Use of a
well-defined number of inoculated sporozoites will
strengthen the power of the model, as the dose
probably influences the prepatent period.[6!62
Low commercial interest

None of the three types of malaria vaccines is
yet made available. At present, industry’s greatest
interest is in liver stage vaccines, with a secondary
interest in blood stage vaccines. Both of these and
especially the liver stage vaccines are of interest for
travelers and military and have, therefore, attracted
some industrial involvement in their development.
There is, however, little commercial interest in a
TBV whose relevance is to poor countries where
malaria i1s endemic. Thus, while a TBV would-be
of great public benefit, it lacks industrial support
and requires a home in the public sector that can
champion its development.?”!

However, for the malaria parasite, the stages
that cause disease are different from the stages that
transmit the parasites from the mosquito vector
to the human host and vice versa. Accordingly,
vaccines are being developed against the different
parasite stages to achieve these different effects.*’!
One of the main problems confronting malaria
vaccine development in general is the relatively low
level of commercial interest. This is because the
potential market with endemic malaria is mainly
in the poorest countries who despite their medical
need, do not have the economic means to support
large-scale purchase and distribution.?’!

Requisite of second-generation vaccines

The development of an effective malaria
vaccine has taken many decades, but there is now
a good chance that the first malaria vaccine will
be licensed within the next few years. However,
this vaccine (RTS, S) will not be fully effective and
more efficacious and second-generation vaccines
will be needed. Good progress is being made in the
development of potential vaccines directed at each
of the three main stages of the parasite’s life cycle,
with a variety of different approaches, but many
challenges remain unsolved, e.g., overcoming the
problem of polymorphism in many key parasite
antigens. !¢
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Ideal vaccine: The mystery needs to explore

Vector-control programs have proved to
be incapable of eradicating malaria from the
tropics and so preventive strategies must focus on
individual protection. Despite major efforts over
the past 50 years to develop a malaria vaccine,
no product has been licensed yet to release.l)!
An effective malaria vaccine would improve the
prospects for eradicating malaria.l®® Vaccines
that interrupt the transmission of malaria are
emphasized in discussions of eradication,®” but
the ideal malaria vaccine would provide a direct
clinical benefit. Due to the complex life cycle and
high antigenic diversity of the malaria parasite, a
multistage vaccine may be necessary for optimal
protection against the disease.?®!

PE vaccines may primarily be used for travelers
from nonendemic areas to prevent blood stage
infection. Asexual blood stage vaccines will
primarily be targeted at young children in endemic
areas to control parasitemia, resulting in reduction
of morbidity and mortality. A long-term goal may
be a multi-antigen, multi-stage vaccine that inhibits
PE stages, asexual parasite growth and mosquito
stage development.® Recently, hope has been
renewed by the construction of several potential
new PE, asexual stage and transmission-blocking
vaccines, as well as new formulations and adjuvants
for sporozoite vaccines.!?”

The history clearly show that malaria has
eradicated as well as eliminated in the high-income
countries by employing the aggressive prevention
and control measures with more effective
monitoring and evaluation strategies. Similarly, in
the past decade, malaria incidence has fallen by at
least 50% in one-third of the countries where the
disease is endemic. However, the existing malaria
control tools are insufficient to achieve eradication
ultimately elimination in many countries. Indeed,
malaria vaccines are widely considered a necessary
component and an appropriate strategy to eliminate
or eradication of malaria. However, it is likely that
vaccines will need to be used in conjunction with
other methods such as long lasting insecticide
nets, IRS and ART rather than replacing them
completely.®! Besides, presently we have minimized
the global malaria burden considerably, by inducting
the low-cost interventions like ITNs due to the
stringent effort and commitment of the public health
professionals, international donors, public and
private partnership. However, the recent decline of
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the malaria burden within and between the countries
is not uniform. The specific reason and the role of
correlated compounding factors stay unidentified
and imprecise that needs to be recognized by the
global public health experts instantly.!”

CONCLUSIONS

Over the past several decades, the experience
and lessons teach us that although the existing
conventional vector control interventions are
competent to minimize the malaria burden
considerably, they remain unproductive to eradicate
malaria. In this context, introduction of malaria
vaccine could be one of the most sustainable and
cost-effective approach in the malaria prevention
and control strategy. At the moment, than ever
before we do have much substantial knowledge
and better understanding on life-cycle of malaria
parasites, disease transmission dynamics and
immunogenicity of the host. Besides, the recent
revolution in the biotechnology advancements,
modern paraphernalia, world-wide partnership
and stringent commitments has fuelled for the
development of propholytic malaria vaccines.

The present scrutiny results clearly suggest that
certainly we have attained a sustainable progress to
devise the ideal malaria candidate vaccine and the
recent clinical trial results are quite encouraging and
optimistic. However, there are numerous challenges
lying ahead on the road to attain the safe, effective,
tolerable and affordable malaria vaccine that need to
be addressed effectively and immediately. I strongly
believe that although we are moving in the right
direction steadily and slowly by administering ideal
protective malaria vaccines, the global community
have to wait quite a few more years to build a
long-term ambitious goal of malaria-free world.

ACKNOWLEDGEMENT

I would like to thank Mrs. Melita Prakash for her
sincere assistance in editing the manuscript. My last but
not the least heartfelt thanks go to my colleagues of our
Department of Environmental Health Science, College
Public Health and Medicine, Jimma University, Jimma,
Ethiopia, for their kind support and cooperation.

REFERENCES

1. Karunamoorthi K, Ilango K. Larvicidal activity
of Cymbopogon citratus (DC) Stapf. and Croton

536

10.

11.

12.

13.

14.

15.

16.

17.

18.

macrostachyus Del. against Anopheles arabiensis Patton,
a potent malaria vector. Eur Rev Med Pharmacol Sci
2010;14:57-62.

Karunamoorthi K. Global malaria burden: Socialomics
implications. J Socialomics 2012;1:e108.

World Malaria Report 2011. Geneva, Switzerland: World
Health Organization; 2011.

Karunamoorthi K, Deboch B, Tafere Y. Knowledge and
practice concerning malaria, insecticide-treated net (ITN)
utilization and antimalarial treatment among pregnant
women attending specialist antenatal clinics. J Public
Health 2010;8:559-66.

Kreier JP. Parasitic Protozoa. 2" ed. New York: Academic
Press;1994.

Pérez-Tris J, Hasselquist D, Hellgren O, Krizanauskiene A,
Waldenstrom J, Bensch S. What are malaria parasites?
Trends Parasitol 2005;21:209-11.

Freund J, Thomson KJ. Immunization of monkeys against
malaria by means of killed parasites with adjuvants. Am
J Trop Med Hyg 1948;28:1-22.

Targett GA, Fulton JD. Immunization of rhesus monkeys
against Plasmodium knowlesi malaria. Exp Parasitol
1965;17:180-93.

Singh B, Kim Sung L, Matusop A, Radhakrishnan A,
Shamsul SS, Cox-Singh J, et al. A large focus of naturally
acquired Plasmodium knowlesi infections in human
beings. Lancet 2004;363:1017-24.

Day KP, Marsh K. Naturally acquired immunity
to Plasmodium falciparum. Immunol Today
1991;12:A68-71.

Mendis K, Sina BJ, Marchesini P, Carter R. The neglected
burden of Plasmodium vivax malaria. Am J Trop Med
Hyg 2001;64:97-106.

Ferreira MU, da Silva Nunes M, Wunderlich G. Antigenic
diversity and immune evasion by malaria parasites. Clin
Diagn Lab Immunol 2004;11:987-95.

Sharma S, Pathak S. Malaria vaccine: A current
perspective. J Vector Borne Dis 2008;45:1-20.
Karunamoorthi K. Vector control: A cornerstone in the
malaria elimination campaign. Clin Microbiol Infect
2011;17:1608-16.

Karunamoorthi K, Sabesan S. Laboratory evaluation
of dimethyl phthalate treated wristbands against three
predominant mosquito (Diptera: Culicidae) vectors of
disease. Eur Rev Med Pharmacol Sci 2010;14:443-8.
Greenwood BM, Targett GA. Malaria vaccines and the new
malaria agenda. Clin Microbiol Infect 2011;17:1600-7.
White NJ. Artemisinin resistance — The clock is ticking.
Lancet 2010;376:2051-2.

WHO. The Technical Basis for Coordinated Action against
Insecticide Resistance: Preserving the Effectiveness of
Modern Malaria Vector Control. Geneva, Switzerland:
World Health Organization;2011.

International Journal of Preventive Medicine, Vol 5, No 5, May, 2014



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

International Journal of Preventive Medicine, Vol 5, No 5, May, 2014

Holder AA. Malaria vaccines: Where next? PLoS Pathog
2009;5:¢1000638.

WHO. Malaria Transmission Blocking Vaccines: An
Ideal Public Good. TDR/RBM/MAL/VAC/2000.1.
Geneva, Switzerland: World Health Organization;2000.
Sauerwein RW, Roestenberg M, Moorthy VS.
Experimental human challenge infections can accelerate
clinical malaria vaccine development. Nat Rev Immunol
2011;11:57-64.

World Malaria Report 2010. Geneva, Switzerland: World
Health Organization;2010.

Carter R, Mendis KN, Miller LH, Molineaux L, Saul A.
Malaria transmission-blocking vaccines — How can their
development be supported? Nat Med 2000;6:241-4.
Wiwanitkit V. Patenting malarial vaccine. Recent Pat
DNA Gene Seq 2008;2:107-10.

Graves P, Gelband H. Vaccines for preventing malaria
(pre-erythrocytic). Cochrane Database Syst Rev
2006;18:CD006198.

Zhang Q, Xue X, Qu L, Pan W. Construction and
evaluation of a multistage combination vaccine against
malaria. Vaccine 2007;25:2112-9.

Richie TL, Saul A. Progress and challenges for malaria
vaccines. Nature 2002;415:694-701.

WHO. 2005. Parasitic diseases-State of the art of vaccine
research and development. WHO/IVB/05.XX, 2011.
Available from: http://www.who.int/vaccine research/
documents/Parasitic_Diseases.pdf. [Last accessed on
2012 Feb 19].

Druilhe P, Barnwell JW. Pre-erythrocytic stage malaria
vaccines: Time for a change in path. Curr Opin Microbiol
2007;10:371-8.

Hill AV. Pre-erythrocytic malaria vaccines: Towards
greater efficacy. Nat Rev Immunol 2006;6:21-32.
Heppner DG Jr, Kester KE, Ockenhouse CF,
Tornieporth N, Ofori O, Lyon JA, et al. Towards an
RTS, S-based, multi-stage, multi-antigen vaccine against
falciparum malaria: Progress at the Walter Reed Army
Institute of Research. Vaccine 2005;23:2243-50.
Genton B, Betuela I, Felger I, Al-Yaman F, Anders RF,
Saul A, et al. 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;185:820-7.
Lyke KE, Dicko A, Kone A, Coulibaly D, Guindo A,
Cissoko Y, et al. Incidence of severe Plasmodium
falciparum malaria as a primary endpoint for
vaccine efficacy trials in Bandiagara, Mali. Vaccine
2004;22:3169-74.

Sachs J, Malaney P. The economic and social burden of
malaria. Nature 2002;415:680-5.

PATH-MVI. The PATH malaria vaccine initiative, 2011.

Karunamoorthi: Malaria vaccine: A new hope in war against malaria

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Available from: http://www.malariavaccine.org/files/
March182011MVlIfactsheet backgrounder.pdf. [Last
accessed on 2012 Feb 19].

Saul A. Minimal efficacy requirements for malarial
vaccines to significantly lower transmission in epidemic
or seasonal malaria. Acta Trop 1993;52:283-96.

Carter R. Transmission blocking malaria vaccines.
Vaccine 2001;19:2309-14.

Davis MM, Butchart AT, Coleman MS, Singer DC,
Wheeler JR, Pok A, et al. The expanding vaccine
development pipeline, 1995-2008. Vaccine 2010;28:1353-6.
Hermsen CC, de Vlas SJ, van Gemert GJ, Telgt DS,
Verhage DF, Sauerwein RW. Testing vaccines in human
experimental malaria: Statistical analysis of parasitemia
measured by a quantitative real-time polymerase chain
reaction. Am J Trop Med Hyg 2004;71:196-201.
Abdulla S, Oberholzer R, Juma O, Kubhoja S, Machera F,
Membi C, et al. Safety and immunogenicity of RTS,
S/AS02D malaria vaccine in infants. N Engl J Med
2008;359:2533-44.

Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E,
Milman J, et al. Efficacy of the RTS, S/AS02A vaccine
against Plasmodium falciparum infection and disease
in young African children: Randomised controlled trial.
Lancet 2004;364:1411-20.

Aponte JJ, Aide P, Renom M, Mandomando I, Bassat Q,
Sacarlal J, et al. Safety of the RTS, S/AS02D candidate
malaria vaccine in infants living in a highly endemic area
of Mozambique: A double blind randomised controlled
phase I/11b trial. Lancet 2007;370:1543-51.

Asante KP, Abdulla S, Agnandji S, Lyimo J, Vekemans J,
Soulanoudjingar S, et al. Safety and efficacy of the
RTS, S/ASO1E candidate malaria vaccine given with
expanded-programme-on-immunisation vaccines:
19 month follow-up of a randomised, open-label, phase
2 trial. Lancet Infect Dis 2011;11:741-9.

Bejon P, Lusingu J, Olotu A, Leach A, Lievens M,
Vekemans J, et al. Efficacy of RTS, S/ASO1E vaccine
against malaria in children 5 to 17 months of age. N Engl
J Med 2008;359:2521-32.

Vekemans J, Leach A, Cohen J. Development of
the RTS, S/AS malaria candidate vaccine. Vaccine
2009;27 Suppl 6:G67-71.

Agnandji ST, Asante KP, Lyimo J, Vekemans J,
Soulanoudjingar SS, Owusu R, et al. Evaluation of the
safety and immunogenicity of the RTS, S/ASO1E malaria
candidate vaccine when integrated in the expanded
program of immunization. J Infect Dis 2010;202:1076-87.
GSK Fact Sheet, 2011. Available from: http://
www.gsk.com/media/downloads/malaria-vaccine-
phaselll-factsheet-Sep-2011.pdf. [Last accessed
on 2011 Dec 12].

537



Karunamoorthi: Malaria vaccine: A new hope in war against malaria

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Agnandji ST, Lell B, Soulanoudjingar SS, Fernandes JF,
Abossolo BP, Conzelmann C, et al. First results of phase 3
trial of RTS, S/ASO1 malaria vaccine in African children.
N Engl J Med 2011;365:1863-75.

Reed ZH, Friede M, Kieny MP. Malaria vaccine
development: Progress and challenges. Curr Mol Med
2006;6:231-45.

Pérez-Tris J. Implications of cryptic diversity of avian
malaria parasites. Available from: http://www.ucm.es/
info/zoo/bcv_eng/res parasite.html. [2011 Nov 15],
[Last accessed on 2011 Dec 8].

Day K. The evolution of malaria parasites, 2002.
Available from: http://www.malaria.wellcome.ac.uk/
doc_ WTD023858.html. [Last accessed on 2011 Dec 9].
Bensch S, Pérez-Tris J, Waldenstrom J, Hellgren O.
Linkage between nuclear and mitochondrial DNA
sequences in avian malaria parasites: Multiple cases of
cryptic speciation? Evolution 2004;58:1617-21.

Graves P, Gelband H. Vaccines for preventing malaria.
Cochrane Database Syst Rev 2003;1:CD000129.
Hayakawa T, Arisue N, Udono T, Hirai H, Sattabongkot J,
Toyama T, et al. Identification of Plasmodium malariae, a
human malaria parasite, in imported chimpanzees. PLoS
One 2009;4:¢7412.

Friesen J, Matuschewski K. Comparative efficacy of
pre-erythrocytic whole organism vaccine strategies
against the malaria parasite. Vaccine 2011;29:7002-8.
Ponnudurai T, Lensen AH, van Gemert GJ, Bolmer MG,
Meuwissen JH. Feeding behaviour and sporozoite
ejection by infected Anopheles stephensi. Trans R Soc
Trop Med Hyg 1991;85:175-80.

Rosenberg R, Wirtz RA, Schneider I, Burge R. An
estimation of the number of malaria sporozoites ejected

58.

59.

60.

61.

62.

63.

64.

by a feeding mosquito. Trans R Soc Trop Med Hyg
1990;84:209-12.

Beier JC, Onyango FK, Koros JK, Ramadhan M,
Ogwang R, Wirtz RA, et al. Quantitation of malaria
sporozoites transmitted in vitro during salivation by wild
Afrotropical Anopheles. Med Vet Entomol 1991;5:71-9.
Frischknecht F, Baldacci P, Martin B, Zimmer C,
Thiberge S, Olivo-Marin JC, ef al. Imaging movement
of malaria parasites during transmission by Anopheles
mosquitoes. Cell Microbiol 2004;6:687-94.

Jin Y, Kebaier C, Vanderberg J. Direct microscopic
quantification of dynamics of Plasmodium berghei
sporozoite transmission from mosquitoes to mice. Infect
Immun 2007;75:5532-9.

Jeffery GM, Young MD, Burgess RW, Eyles DE. Early
activity in sporozoite-induced Plasmodium falciparum
infections. Ann Trop Med Parasitol 1959;53:51-8.
Verhage DF, Telgt DS, Bousema JT, Hermsen CC,
van Gemert GJ, van der Meer JW, et al. Clinical
outcome of experimental human malaria induced by
Plasmodium falciparum-infected mosquitoes. Neth J
Med 2005;63:52-8.

Plowe CV, Alonso P, Hoffman SL. The potential role
of vaccines in the elimination of falciparum malaria
and the eventual eradication of malaria. J Infect Dis
2009;200:1646-9.

malERA Consultative Group on Vaccines. A research
agenda for malaria eradication: Vaccines. PLoS Med
2011;8:e1000398.

Source of Support: Nil, Conflict of Interest: None declared.

“Quick Response Code” link for full text articles

The journal issue has a unique new feature for reaching to the journal’s website without typing a single letter. Each article on its first page has
a “Quick Response Code”. Using any mobile or other hand-held device with camera and GPRS/other internet source, one can reach to the full
text of that particular article on the journal's website. Start a QR-code reading software (see list of free applications from http://tinyurl.com/
yzlh2tc) and point the camera to the QR-code printed in the journal. It will automatically take you to the HTMIL full text of that article. One can
also use a desktop or laptop with web camera for similar functionality. See http://tinyurl.com/2bw7fn3 or http://tinyurl.com/3ysr3me for the free
applications.

538

International Journal of Preventive Medicine, Vol 5, No 5, May, 2014



