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Abstract: Malaria has been eating deep into the heart of mankind from time immemorial. This disease affects 10 
percent of the world’s population. Every year about 2 million children are reported dead. In an attempt to control 
this disease since the late 1940s till date, many control measures had been put in place to reduce human suffering 
due to malaria. However many of these measures, if not all, had proved abortive in an effective control of this 
disease. Even though control, most measures are not effective, medicine will never leave mankind to her fate. The 
one and only hope for this human suffering to reduce or completely end, was the invention of malaria vaccine and 
since then, hundreds of vaccine had been developed, more than 80 had been tried at the preclinical stage, many are 
at the clinical phase and yet no success. However, the only one vaccine the world is waiting to be the first malaria 
vaccine to be licensed is the RTS, S vaccine. The RTS, S vaccine is in phase 3 presently, a clinical trial in 11 sites in 
seven sub-Saharan African countries. If this phase 3 clinical trial is successful, by first quarter of 2015 the world will 
celebrate the first successful vaccine against malaria.  
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Introduction 
  Mankind had stepped into the 21st century and 
diseases such as malaria still present a major threat to 
population in many parts of the world (WHO, 2009). 
The exact extent of the malaria problem is not known, 
but several estimates provide a gloomy picture of the 
situation (Guerin et al., 2002). It is estimated that 
between 400 and 900 million cases occur every year 
only in African children with a minimum of 750,000 
deaths (Martens et al., 2000). A child dies every 30 
minutes from malaria, which is to say within 24hrs 
about 48 children die of malaria somewhere somehow 
in Africa. 

Malaria is caused by infection with parasitic 
protozoa of the genus Plasmodium which infect human 
and insect host alternatively. Human malaria is caused 
by the Plasmodium species: P. falciparum which 
causes malignant tertian malaria; P vivax which caused 
benign tertian malaria; P. ovale causative agent of 
ovale tertian malarial and P. Malariae causative agent 
of quartan malaria. Thus malaria vaccine development 
has been an active field of research for over 2 decades, 
with a primary focus on Plasmodium falciparum, the 
deadliest of the 4 species of Plasmodia parasites that 
infect man (Genton et al., 2002). A recent WHO 
review “Portfolio of Candidate Malaria Vaccines 
Currently in Development” has identified more than 80 
vaccines at the preclinical development stage. More 
than 30 malaria vaccines have entered clinical testing. 
Two vaccines have reached phase 2b efficacy 
evaluation in endemic regions, in adult volunteers and 
one malaria vaccine is now undergoing phase 2b 
evaluation in a paediatric endemic setting. 

 
History of Malaria Control 

Historically, in the late 1940s, there was great 
optimism in the fight against malaria, mainly owing to 
the introduction of dichlorodiphenyltrichloroethane 
(DDT) for the vector control (Hemingway et al., 2002) 
and chloroquine as a very efficient anti-malaria drug 
(WHO 2009). These and other available control tools 
prompted World Health Organization (WHO) to 
launch a campaign for complete malaria eradication. 
The campaign was very successful in some countries 
in Europe and North America. In Brazil, for instance, 
the number of cases per year dropped from nearly 6 
million to around 37,000 in 1962 and became 
restricted to the Amazon region (Guerin et al., 2002). 
But since then, malaria has seen resurgence and/or is 
spreading in much area in the Amazon region of 
Brazil, the number of cases per year increased from 
nearly 37,000 in 1962 to around 600,000 in the late 
1990s (WHO 2009). Indeed, already in the 1960s it 
became clear that eradication was not feasible, and the 
WHO strategy was switched, aiming to control rather 
than to eradicate. Environmental conditions, 
population habits and living condition migratory 
movement of people to endemic areas, regional 
development projects, resistance of parasites to drugs 
and mosquitoes to DDT, among other factors, greatly 
favoured the maintenance of malaria in the endemic 
regions (Guerin et al., 2002). All the difficulties 
concerning malaria control justify the search and 
adoption of new controls and measures to minimize 
the impact of malaria on the affected population 
(WHO, 2009). 
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Today, the tools available for control of 
malaria include drugs, insecticides, insecticide treated 
nets, environment management and others 
(Hemingway et al., 2002). With the availability of all 
these tools malaria infection, mortality and morbidity 
are still very high (Guerin et al., 2002). Therefore 
worldwide expectation is vaccine tool for safe and 
effective control (Moorthy et al., 2002) 
Brief History of Malaria Vaccine 
  In history, modern vaccine development 
started over 200 years ago and it was Edward Jenner 
who first developed a small pox vaccine in 1789. 
Despite this great discovery, it was not until 1980 that 
WHO declared that small pox was eradicated (Paoletti, 
1996). There were several other vaccines developed by 
renowned personality in the history of medicine whose 
contributions tremendously help in the control and 
spread of life threatening diseases; most of these 
vaccines were developed empirically from either killed 
or attenuated whole organism (Enea et al., 
1984;Warrel et al., 2002). It suffices to say that these 
vaccines were not developed overnight as it took 
enormous time, energy, patience and resources to be 
able to do that. However, it could be said that vaccines 
has had a more positive effect on reducing death and 
helping populations across the globe (Egan, 1993).  

Historically, attempt to develop an effective 
human malaria vaccine dates back to about 100 years, 
because of  the complex nature of the parasite and its 
life cycle, little progress was made (Ellis et al., 1983). 
In 1900, an Italian Angelo Celli unsuccessfully 
attempted immunization with dried infected red blood 
cells to induce fever and the transfer of serum to 
prevent fever. There were several successful attempts 
in experimental animals and in 1961, McGregor and 
Sydney Cohen showed that children could acquire 
protection using gamma globulin component of 
immune sera (Collin et al., 1999; Warrel et al., 2002; 
Druilhe et al., 2007). However, the manufacturing, 
trial and assessment of malaria vaccine involve 
complex steps and thus the need to be increasingly 
redefined enable development of a multi-component 
vaccine which has both cellular and humoral 
components. There are recordable successes made in 
this regard which include the possibility of using live 
irradiated sporozoites to induce high levels of antibody 
directed against sporozoites invading liver cells 
circumsporozite protein (CSP), inclusion of epitopes 
that stimulate helper and cytotoxic T cells, synthetic 
peptide vaccine (SPf66) which include part of the N-
terminal sequence of the merozoite surface protein, 
ultra-low dose infected red blood cells and MSP-1 
(merozoite surface antigen) and AMA (apical 
merozoite antigen) acting on blood stage. The latest 
class is the new generation CSP vaccines with a 
powerful adjuvant named RTS, S which shows 

promising results in field trials in Africa (Kwiatkowski 
et al., 1997; Moorthy et al., 2002).  

The RTS, S was the first candidate malaria 
vaccine to have reached this developmental stage; it 
has been subjected to extensive clinical studies in 
humans and had indicated possible protective efficacy 
especially when used in combination with an adjuvant 
therapy (Collin et al., 2008). In a randomized trial of 
SPf66 vaccine P. falciparum malaria in children in 
southern Tanzania, the best estimate of the SPf66 
vaccine protective efficacy was 31% (95% CI: 0.52) 
(Alonzo et al., 1995). In another study, a double-blind 
randomized trial in Kenya and Tanzania, with a view 
to evaluate the efficacy of RTS,S given with a more 
immunogenic adjuvant system (AS01E) in children 5 
to 17 months of age, the adjusted rate of efficacy 
against all malarial episodes was 56% (95% CI, 31 to 
72; P<0.001) (Bejon et al., 2008) . Other clinical trials 
include synthetic, recombinant and DNA vaccines, and 
vector encoded vaccines. It should be noted that these 
vaccines are directed either against the development of 
the parasite before the blood stages appear, asexual 
blood stages, the sexual cycle of the parasite or against 
the liver stages (Warrel et al., 2002). It has been 
observed from trials that the single antigen CSP was 
not successful which lead to the issue of developing 
multi-component multi-antigen vaccine (MCMAV) 
(Abdulla et al., 2008). The MCMAV involves the use 
of more than one antigen with a view to get an additive 
effect such that together they will be much more 
effective thus to deal with the issue of antigenic 
polymorphism (Cochrane et al., 1980). The MCMAV 
will also ensure attack on different stages of the life 
cycle of the parasite, and a reduction in the chances of 
resistance to the vaccine by the parasite (Warrel et al., 
2002). However, there are issues which include the 
possibility of one component interfering with the 
immune response to another and also the induced 
immune response may likely be complicated 
(Kwiatkowski et al., 1997; Warrel et al., 2002). Some 
of the Malaria Vaccines that had undergone trial and 
failed are shown in Table 1. 
Why the World Needs Malaria Vaccines? 

The world urgently needs a malaria vaccine to 
relieve human suffering associated with this parasitic 
disease that kills more than one million people 
annually mostly from Africa. Hundreds of millions 
more people suffer from the effects of malaria 
(Herrington et al., 1987). While drugs, insecticide-
treated bed nets, and other interventions are being used 
to reduce malaria’s impact, the disease remains a 
tenacious adversary.  

A safe, effective, and affordable malaria 
vaccine would create a powerful public health benefit 
by closing the gap left by other interventions 
(Herrington et al., 1987). Recognizing this urgent 
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need, researchers, funders, and others in the malaria 
vaccine community are committed to changing the 
way the community works. The ultimate driver of their 
individual efforts is not only to publish and to fund 
their own research but also to develop a viable 
product—a malaria vaccine.  
What are required of The Promising Vaccine? 

According to Kilama (2007), malaria vaccine 
development has traveled a long and hard path. In 
recent years, more about malarial parasite, its biology 
and infectivity had been known and advanced 
biotechnology has helped to employ this knowledge in 
production of a promising vaccine against malaria. 
Over the last few decades, many anti-malarial vaccines 
had been formulated and had gone through clinical 
trial. But none has passed all four clinical trial phases 
to be licensed and used for public immunization. But 
happily, the clinical trials currently under way are 
providing an unprecedented depth of understanding of 
this killer disease, along with potential means of 
taming it. Kilama (2007) reported that an ideal malaria 
vaccine should have the following characteristics: 

1. highly effective in all ages including 
infants, children and adults. 

2. safe and not have very severe side effects. 
3. grant long term immunity without using 

multiple boosters. 
4. easy to administer. 
5. no interference with other childhood 

vaccines. 
6. easy and cheap to manufacture. 

What are needed for Vaccine Development? 
Vaccine development is a very difficult task and 

requires certain basic idea for it to arrive at the pre-
clinical stage and some of these include:- 

1. Detail understanding of life cycle of the 
parasite-like that Plasmodium sp that have a 
complex life cycle. 

2. Detail understanding of the host immune 
responses to the parasite-even in nature 
enquire immunity to the malaria parasite is 
species specific and stage specific in nature. 

3. Surface protein and receptor of the parasite-
some surface protein are highly immunogenic 

4. Funds. 
Challenges of Malaria Vaccine Development and 
the Way Forward 

Despite decades of intense research and 
significant advances in the field of immunology and 
molecular biology, the development of an effective 
vaccine for the control and prevention of malaria has 
been difficult. Development of an effective vaccine for 
malaria is challenging because: (1) the pathogen’s 
antigenic composition during different stages of the 
life cycle is complex; (2) there is multiplicity of 
epidemiology and clinical end points; (3) the candidate 

vaccine antigens exhibit genetic diversity and 
variation; (4) we lack a complete understanding of the 
characteristics of naturally acquired immunity and the 
mechanism of protection, and (5) alum, the adjuvant 
approved for human use has not worked well in human 
trials conducted so far (Ribeiro, 2002). 

There is ample evidence suggesting that a 
malaria vaccine for prevention and control of malaria 
is feasible, and there is a consensus that an effective 
malaria vaccine would contain antigens/antigenic 
determinants from different stages of the parasite. 
Such a multistage, multicomponent vaccine would 
induce ‘multiple layers’ of immune response that 
would be capable of intervening at the level of 
circulating sporozoites, infected hepatocytes, infected 
red blood cells, and mosquitoes. The first evidence for 
an efficacious vaccine was provided in 1960s by 
immunizing mice with radiation-attenuated sporozoites 
(Nussenzweig et al., 1969). Several studies have 
shown that natural immunity confers protection against 
high-density parasitemia and clinical manifestations of 
illness (Kitua, 1999; Branch, 2000). Similarly, several 
studies have revealed that antibodies against specific 
parasite antigens can block the development of the 
parasite in mosquitoes (Kaslow, 1997).  These 
observations have provided the proof-of-the-principle 
that a vaccine can be developed for the control and 
prevention of malaria. The challenge facing vaccine 
researchers is to develop an easy-to-produce 
recombinant vaccine that can generate long-lasting 
protective immune responses that are: (1) directed 
against different stages of the parasite; (2) strain-
transcending, and (3) boosted by natural infection 
(Ribeiro, 2002). 
Pre-erythrocytic Stage Malaria Vaccine: One 
strategy towards the pre-erythrocytic stage is to target 
the parasite during the short span of time that the 
sporozoites are in the bloodstream. This sporozoite 
vaccine must induce the production of protective 
antibodies that will block and  neutralize the 
sporozoites from invading liver cells. The other 
strategy is to target the sporozoites once they are inside 
the liver cells through the induction of  cytotoxic 
thymus lymphocytes (CTLs) that will destroy 
sporozoite infected liver cells (Genton et al., 2002; 
Graves et al., 2006). Example of this is CSP - a 
vaccine based on the circumsporozoite protein (CSP) 
has been developed and field tested in humans in a 
malaria-endemic region of Kenya. RTS, S - is a 
recombinant vaccine consisting of the 
circumsporozoite protein found on the surface of the 
sporozoite stage of Plasmodium falciparum (Alonso et 
al., 1994).  This antigen elicits antibodies that are 
capable of preventing sporozoites from invading 
hepatocytes, and a cellular response that is capable of 
eliminating infected hepatocytes. The problem with the 
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circumsporozoite protein is that it is poorly 
imunogenic (Bojang et al., 2001; Alonso et al., 2005). 
Therefore, in the RTS, S vaccine, the circumsporozoite 

protein is fused with a hepatitis B surface antigen, 
which creates a much more potent vaccine (MVI, 
2009). 

 
Table 1: Different malaria vaccine and efficacy 

 
Source: Perlman et al.,2002  

 
Erythrocytic Vaccine: Another approach is to induce 
blocking antibody towards the circulating merozoites, 
preventing them from infecting red blood cells. Once 
inside the erythrocytes, cytotoxic thymus lymphocytes 
(CTL) cannot be generated against them since red 
blood cells do not express MHC (major 
histocompatibility complex) molecules on its surface. 
However, some malaria antigens are expressed on the 
surface of the infected RBCs toward which antibodies 
can be directed against and be used for opsonization 
and complement (Rieckmann et al., 1979). Also, it 
may be helpful to induce antibodies that block the 
infected erythrocytes from adhering to the lining of 
blood vessels. It is during the erythrocytic stage that 
illness associated with malaria occurs. There are 

strategies, called 'anti-disease' vaccines, towards the 
toxic products produced during this phase. Example is 
SPf66 - the first recognized malaria vaccine. SPf66 
was developed in Colombia by Manual Patarroyo in 
1987 by purifying three merozoite-derived proteins 
and joining them with sequences derived from the 
repeat domain of the CS protein of P. falciparum. 
Transmission Vaccine: There are also attempts to 
produce a 'transmission-blocking' vaccine. This 
approach targets the sexual stage gametocytes of 
malaria. The goal is to prevent the gametocytes from 
producing more sporozoites within the gut of the 
mosquito vector, thus blocking the transmission of 
malaria (Rieckmann  et al., 1979;Clyde, 1990; 
Kennedy et al., 2002). This vaccine does not prevent 
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illness in an infected host, but it may be important to 
reduce the spread of malaria (Good et al., 1988; 
Graves et al., 2006). An example is Pfs230 - This 
sexual-stage Plasmodium falciparum surface antigen 
can elicit antibodies which block the infectivity of 
gametes to mosquitoes. 
Multistage Vaccine: This is designed by combination 
of antigens from different stages of the parasite 
Example is NYVAC-Pf7 - A recently developed 
multistage vaccine, NYVAC-Pf7 is a single NYVAC 
genome containing genes encoding seven Plasmodium 
falciparum antigens (Zevering et al., 1994; Ribeiro, 
2002). Of these antigens, two are derived from the 
sporozoite stage of the parasite life cycle (CSP and 
sporozoite surface protein 2 (PfSSP2)), one from the 
liver stage (liver stage antigen 1 (LSA1)), three from 
the blood stage (merozoite surface protein 1 (MSP1), 
serine repeat antigen (SERA), and AMA-1), and one 
from the sexual stage (25-kDa sexual- stage antigen 
(Pfs25). The intent is that the use of multiple antigens 
from P. falciparum will induce immunity in recipient 
(Graves et al., 2006). 
 
Hope in Progress 

There is hope for malaria vaccine in the 
nearest future, because of there is more understanding 
of the life cycle of the parasite, also more 
understanding of the parasite genome, more 
understanding of the host immunity to the parasite and 
other which are detailed below. 
DNA Vaccines - The ideal vaccine for malaria should 
encompass the following three essential 
characteristics: First, it is multi-stage, incorporating 
antigenic characteristics of multiple stages of P. 
falciparum’s life cycle. Second, it should be multi-
valent, containing multiple epitopes restricted by 
different (major histocompatibility complex) MHC 
molecules (Ballou et al., 1987). This would help 
overcome genetic restriction and allelic and antigenic 
variation, problems plaguing single antigen-based 
vaccines (Graves et al., 2006). Lastly, it should be 
multi-immune, inducing more than one type of 
immune response, including cell-mediated and 
humoral. Such a multi-component vaccine would 
increase the probability of a more sustainable and 
effective host response (Ballou et al., 1987;Shi et al., 
1999). 

Consequently, the focus of current malaria 
vaccines is on DNA technology, which allows the 
reality of these three key characteristics. DNA 
Vaccines are currently in developments and include 
multiple B and T cell epitopes from different life cycle 
stages. This technology theoretically can incorporate 
the roles of both the cell-mediated and humoral arms 
of the immune system, which are needed for optimal 
protective efficacy. Cytotoxic thymus lymphocytes 

(CTLs) are needed against the intracellular hepatocyte 
stage, and antibodies can be targeted against antigens 
from all three life cycle stages. Two experiments 
illustrate this point. First, in an experiment by Wang et 
al., (1998) antigen-specific, genetically restricted, 
CD8+ T cell-dependent CTLs were developed against 
a P. falciparum circumsporozoite protein (PfCSP). 
This type of cell-mediated response would be directed 
against infected hepatocytes, since they have the 
appropriate MHC I molecules, while in contrast, 
erythrocytes lack MHC (Genton et al., 2002). Second, 
a multi-component vaccine created by Shi et al (1999), 
consisting of B and T-cell epitopes revealed the 
production of vaccine-elicited antibodies against all 
antigenic stages of P. falciparum. Examples of such 
antigens would be circumsporozoite-A on sporozoites 
and PfEMP-1 on PRBCs. A technical issue arose in 
this experiment that is applicable to future vaccine 
development. There was concern from preliminary 
data that a tandem arrangement of epitopes in the 
construct might generate epitope competition and/or 
complications with antigen processing and 
presentation, thus failing to elicit epitope-specific 
immune responses. Consequently, future research 
should be directed at determining an appropriate 
epitope sequence. 

It appears, then, that multi-component DNA 
vaccines offer the best prospects for protection against 
malaria and subsequent cerebral malaria development. 
They can be tailored to include a variety of numbers 
and types of epitopes, and the arrangement of these 
epitopes can be altered as well. In addition, there are 
numerous other advantages of DNA vaccines over 
conventional vaccines, including high 
immunogenicity, modifiability, stability, and cost. 
Recent large-scale Phase I/II clinical trials of Spf66 
and NYVAPf-7, two multi-component synthetic 
peptide malaria vaccines, revealed only limited 
protection. Thus, the need for DNA-based vaccine 
technology is apparent. The efficacy of these future 
DNA vaccines may be increased by adjuvant use. Shi 
et al.,(1999) demonstrated that adjuvants can have a 
significant influence on antibody response activity 
when used in conjunction with vaccines. Freund’s 
adjuvant was shown to produce higher level of 
antibodies, while block-copolymer adjuvant induced 
higher affinity antibodies. 

There are some safety issues associated with 
DNA vaccines. There is the potential for insertional 
mutagenesis, in which random integration of the 
injected DNA into the host chromosome occurs. 
Although unlikely, this might lead to oncogene 
activation. In addition, there are possible adverse 
consequences with long-term persistence of a foreign 
antigen and induction of autoimmunity or hyper-
immunity (Genton et al., 2002).   
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The RTS, S Malaria Vaccine Candidate 
 RTS, S is the malaria vaccine candidate that went 
furthest in the development process (MVI, 2011), in 
clinical trials conducted over the past decade. It is the 
first vaccine candidate to demonstrate that it can 
provide substantial, although not complete, protection 
for young children and infants in malaria-endemic 
areas against infection and clinical disease caused by 
Plasmodium falciparum (WHO, 2005; Stoute et al., 
2007). In 2011, RTS, S is in the midst of a large-scale 
Phase 3 trial that involves 11 study centers in seven 
African countries. The RTS, S malaria vaccine 
candidate was created in 1987 by scientists working at 
GlaxoSmithKline Biological laboratories, the vaccine 
division of GlaxoSmithKline (GSK). Its early 
development was undertaken by GSK in close 
collaboration with the Walter Reed Army Institute of 
Research. In January 2001, GSK and the PATH 
Malaria Vaccine Initiative (MVI)—with grant money 
from the Bill & Melinda Gates Foundation to MVI—
entered into a public-private partnership to develop the 

vaccine for use in infants and young children in sub-
Saharan Africa (MVI, 2011). 
RTS, S Results to Date 

 Evaluation of RTS, S in adult volunteers 
began in the United States in 1992 and in Africa in 
1998. Results of a Phase 2 trial, initiated in 2002 and 
conducted with more than 2,000 children in southern 
Mozambique, demonstrated the feasibility of 
administering a malaria vaccine in children. The trial 
for this malaria vaccine candidate was the first to 
establish proof-of-concept of efficacy in infants.  
              The results of two distinct studies in infants 
and in young children living in Africa were published 
in the New England Journal of Medicine in December 
2008. The studies demonstrated that RTS, S can 
provide significant protection against malaria infection 
and clinical disease. The study of children aged 5 to 17 
months showed that RTS, S reduced the risk of clinical 
episodes of malaria by 53 percent over an eight-month 
follow-up period and was shown to have a promising 
safety profile (MVI, 2010). Figure 1 illustrates RTS, S 
Key milestones till date (MVI, 2011).  

 

 
Figure 1: RTS, S Key milestones 

Source: MVI, 2011 
 
Next Steps in Advancing RTS, S 

RTS, S is the first malaria vaccine candidate 
to reach large-scale Phase 3 clinical testing, typically 
one of the last steps before regulatory approval (figure 
1). The Phase 3 efficacy trial began in May 2009, with 
the first child vaccinated in Bagamoyo, Tanzania, one 
of 11 trial sites in seven sub-Saharan African countries 
participating in the study (the others are Burkina Faso, 
Gabon, Ghana, Kenya, Malawi, and Mozambique) 
(figure  2). The trial completed enrollment on January 
31, 2011 (figure 3), with a total of 15,461 confirmed 

participants, including 6,538 infants aged 6 to 12 
weeks and 8,923 children aged 5 to 17 months. Initial 
results from the study are expected in late 2011 for the 
5 to 17 month-old group and in late 2012 for the 6 to 
12 week-old group. The final analysis is expected in 
late 2014 (MVI, 2011).  

If all goes well in Phase 3 testing, the World 
Health Organization has indicated that a policy 
recommendation for RTS, S is possible as early as 
2015, paving the way for implementation in countries 
through their expanded program on immunization. 
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Already, MVI, GSK, and other partners are working to 
ensure that RTS, S—if approved for use—reaches the 

children and infants who need it most as quickly as 
possible. 

 

 
Figure 2: Current RTS, S phase III study sites 

Source: MVI, 2011 
 

 
Figure 3: Phased availability of phase 3 efficiency data. 

Source: MVI, 2011 
 
Conclusion 

Malaria vaccine has traveled a long and hard 
path.  Time has now come for malaria vaccine to be a 
reality. The waiting has been for too long. RTS, S 

vaccine may be available in the next 3-5years. 
Malaria vaccines are going to be efficient control tool 
in next generation.  Although they are in their trial 
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phases and there is no one in market at present. 
However, this is just the beginning.  
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