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The long and still winding road to a 
malaria vaccine
It is getting closer! Professor William Brieger charts the latest progress 
towards the elusive vaccine

William R Brieger is a Professor for the Department of 
International Health, the Johns Hopkins Bloomberg 
School of Public Health, and Senior Malaria Specialist, 
Jhpiego, an affiliate of the Johns Hopkins University.

Vaccines, a common and vital public health tool, save 
the lives of children, travellers and others. Our available 
vaccines target viruses and bacteria. Malaria parasites are 
protozoa that have a complicated and transformative life 
cycle. Developing vaccines against more simple organ-
isms has not been easy; a malaria vaccine is a huge chal-
lenge. In fact Mosquirix, otherwise known as the recom-
binant Plasmodium falciparum malaria vaccine (RTS,S), 
‘is the first against a parasitic infection in humans’.1

Therefore, after 20 years of research and testing, we 
are very close to having the first vaccine against malaria 
available. GlaxoSmithKline Biologicals (GSK), and the 
PATH Malaria Vaccine Initiative (MVI), with support 
from the Bill & Melinda Gates Foundation have led the 
development of Mosquirix. As a major step in the devel-
opment of the RTS,S vaccine, ‘The European Medicines 
Agency’s Committee for Medicinal Products for Human 
Use (CHMP) has adopted a positive scientific opinion for 
Mosquirix (for Plasmodium falciparum…), for use outside 
the European Union (EU)’.2 The EMA says that next steps 
include development of guidelines ‘defined by the World 
Health Organization (WHO) and regulatory authorities in 
the non-EU countries where the vaccine would be used’.

How did we get to this point in the development of 
the vaccine and how will it become incorporated into 
efforts to eliminate the disease? 

History
According to MVI, ‘RTS,S is a scientific name given to this 
malaria vaccine candidate and represents its composition. 
The ‘R’ stands for the central repeat region of Plasmodium 
(P.) falciparum ‘circumsporozoite protein (CSP); the ‘T’ for 
the T - cell epitopes of the CSP; and the ‘S’ for hepatitis B 
surface antigen (HBsAg). These are combined in a single 
fusion protein (‘RTS’) and co-expressed in yeast cells with 
free HBsAg. The ‘RTS’ fusion protein and free ‘S’ protein 
spontaneously assemble in ‘RTS,S’ particles’.3

One of the earliest published reports documented 
twenty malaria-naive volunteers received a RTS,S. Both 
formulations of the tested vaccine, ‘were well tolerated 
and immunogenic’.4 Since then much progress has been 
made as spelled out by the Malaria Vaccine Initiative of the 
Non-Government Organisation (NGO) PATH in a succinct 
background to the development of RTS,S as follows:5 
Its early development, beginning in the 1980s, was 

undertaken by GSK in close collaboration with the Walter 
Reed Army Institute of Research. In January 2001, GSK 
and MVI, with grant money from the Bill & Melinda 
Gates Foundation to MVI, entered into a public-private 
partnership to develop the vaccine for infants and young 
children in sub-Saharan Africa.

Between mid-2009 and early 2014, MVI, GSK, and 
leading research centres in Africa conducted a Phase 3 ef-
ficacy and safety trial of RTS,S that involved 15 459 infants 
and young children at 11 sites in seven countries (Burkina 
Faso, Gabon, Ghana, Kenya, Malawi, Mozambique, and 
Tanzania). Today, partners continue to work on next steps 
for RTS,S along the pathway to possible implementation.

Strengths and Challenges
WHO’s information guide on RTS,S/Mosquirix identi-
fied several challenges.6 The most obvious is the need 
for three monthly doses from the first month of life and 
a booster at 20 months. The booster dose was crucial for 
protection against severe malaria. WHO also explained 
that efficacy ‘in 5-17 month old children who received 
four doses on a 0, 1, 2, 20 month schedule was 39% over 
the full duration of the trial’. 

WHO explained that four doses led to, ‘reductions 
in severe anaemia, malaria hospitalisations and all-
cause hospitalisations’.

WHO cautioned that febrile seizures were observed 
as a rare adverse event. WHO also explained that EMA’s 
overall, ‘opinion was positive indicating that in their as-
sessment the quality of the vaccine and the risk/benefit 
is favourable from a regulatory perspective’. 

The actual context for implementation is the routine 
childhood immunisation programmes of endemic coun-
tries. Looking at the Pentavalent vaccine (DPT-HepB-Hib) 
as an example of a vaccine that also requires multiple 
contacts, one can see in Figure 1 that even though cover-
age in Ghana started off high, there was still a 9% drop 
by the third dose.7 In Nigeria the drop was 25%.8 

Drop-out rates point to the need to understand and 
address community and behavioral factors in any dis-
ease control programme, including immunisation efforts 
including repeated contacts required and side effects. At 
the RTS,S study site in Tanzania, researchers found that the 
community perceived that child deaths decreased and of 
course appreciated this. Community members also were 
appreciative of improvements they saw in the overall 
health service, though the researchers understood that this 
was likely a result of their own efforts to manage the study 
under good conditions such as regular home visits.9 

‘The journey of a thousand miles begins with one step.’ 
Lao Tzu
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Expected factors, such as location (urban), higher in-
come status, greater awareness of health communication 
activities, and mother’s use of maternal health services, 
predicted better immunisation coverage in Ethiopia.10 In 
Abdijan, additional factors including maternal educa-
tion, knowledge of immunisation schedule and marital 
status were identified.11 In Kumasi Ghana we learn that 
mass media actually encouraged mothers to attend im-
munisation services, while the attitudes of health workers 
inhibited them.12 Thus, we know that there are groups 
within our target populations that are difficult to reach 
and process that discourage attendance within existing 
immunisation efforts, even without adding a malaria vac-
cine to the mix.

Next Steps
WHO consults with several technical bodies that have 
interest in the vaccine. The Malaria Policy Advisory 
Committee (MPAC) met in March of 2015 where ‘The 
Joint Technical Expert Group (JTEG) on the RTS,S vaccine 
presented the latest RTS,S trial results’. MPAC will review 
the available information on RTS,S at its next meeting in 
September 2015. ‘A final decision on a potential WHO 
policy recommendation will be made at a joint meeting 
of MPAC and the Strategic Advisory Group of Experts 
(SAGE), which is the WHO advisory body for vaccines, in 
October 2015’, based on the scientific opinion from the 
European Medicines Agency.13 

In addition the Global Advisory Committee on Vac-
cine Safety (GACVS), an independent expert clinical 
and scientific advisory body that provides WHO with 
scientifically rigorous advice on vaccine safety issues 
of potential global importance held its 32nd meeting in 
Geneva, Switzerland in June 2015. A GACVS sub-group 
has further developed guidance on post-licensure safety 
surveillance for the RTS,S/AS01 vaccine including moni-
toring adverse events in the field.14

A best case scenario is that the vaccine may be avail-
able and in use by 2017.15 Even then it is expected that 
the vaccine would be used only in combination with 
existing and proven malaria interventions such as insecti-
cide treated nets, and prompt and appropriate treatment. 

In the meantime, research trials continue with other 
malaria vaccine candidates. Schwartz and colleagues 
summarised a variety of malaria vaccine clinical projects 
in 2012 that address host-parasite relationships ‘through 
vaccine-induced immune responses to multiple antigenic 
targets using different platforms’.16 

As previously mentioned, RTS,S would not be a 
stand-alone intervention, but it could make a differ-

ence in morbidity and mortality. Integrated planning 
and delivery of vector control measures, intermittent 
preventive treatment and appropriate case management 
would need to accommodate the new vaccine and 
require better integration into primary health care pro-
grammes. Mathematical data modeling using the most 
recent results from Phase III trials, Penny and colleagues 
concluded that, ‘Adding RTS,S to existing control 
programmes, assuming continuation of current levels 
of malaria exposure and of health system performance, 
will potentially avert 100–580 malaria deaths and 
45 000 to 80 000 clinical episodes per 100 000 fully 
vaccinated children over an initial 10-year phase’.17

Mosquirix will not be a magic bullet to eliminate 
malaria, but it and subsequent vaccine candidates will 
play an important role in the elimination process where 
asymptomatic and submicroscopic infections and carri-
ers will still pose a threat to ultimate eradication of this 
devastating disease.
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Figure 1: Graph showing Pentavalent vaccine coverage in 
Ghana and Nigeria (DHS)


