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ABSTRACT
In October 2021, the WHO recommended the world’s first 
malaria vaccine—RTS,S/AS01—to prevent malaria in 
children living in areas with moderate-to-high transmission 
in sub-Saharan Africa (SSA). A second malaria vaccine, 
R21/Matrix-M, was recommended for use in October 
2023 and added to the WHO list of prequalified vaccines in 
December 2023. This study analysis assessed the country 
status of implementation and delivery strategies for RTS,S/
AS01 by searching websites for national malaria policies, 
guidelines and related documents. Direct contact with 
individuals working in malaria programmes was made to 
obtain documents not publicly available. 10 countries had 
documents with information relating to malaria vaccine 
implementation, 7 referencing RTS,S/AS01 and 3 (Burkina 
Faso, Kenya and Nigeria) referencing RTS,S/AS01 and R21/
Matrix-M. Five other countries reported plans for malaria 
vaccine roll-out without specifying which vaccine. Ghana, 
Kenya and Malawi, which piloted RTS,S/AS01, have now 
integrated the vaccine into routine immunisation services. 
Cameroon and Burkina Faso are the first countries outside 
the pilot countries to incorporate the vaccine into national 
immunisation services. Uganda plans a phased RTS,S/
AS01 introduction, while Guinea plans to first pilot RTS,S/
AS01 in five districts. The RTS,S/AS01 schedule varied by 
country, with the first dose administered at 5 or 6 months 
in all countries but the fourth dose at either 18, 22 or 24 
months. SSA countries have shown widespread interest 
in rolling out the malaria vaccine, the Global Alliance for 
Vaccines and Immunization having approved financial 
support for 20 of 30 countries which applied as of March 
2024. Limited availability of RTS,S/AS01 means that some 
approved countries will not receive the required doses. 
Vaccine availability and equity must be addressed even as 
R21/Matrix-M becomes available.

WHO RECOMMENDS RTS,S/AS01 AS THE 
WORLD’S FIRST MALARIA VACCINE
Malaria remains a major public health chal-
lenge in sub-Saharan Africa (SSA) despite the 
global gains made in recent years.1 In 2022, 
about 249 million malaria cases were reported, 

with 94% of cases and 95% of deaths occur-
ring in the WHO African region.2 Children 
are among the most vulnerable populations 
as they are at higher risk of malaria infection 
and related complications. While malaria 
deaths in children aged under 5 years fell 
from 87% in 2000 to 76% in 2015, progress 
has stalled, with 78% of all malaria deaths in 
the WHO African region in 2022 among chil-
dren under 5 years.2

In October 2021, the WHO recommended 
the RTS,S/AS01 (Mosquirix; GlaxoSmith-
Kline (GSK)) malaria vaccine for the preven-
tion of Plasmodium falciparum malaria in 
children living in regions with moderate-to-
high malaria transmission.3 This followed 
more than four decades of basic research 
and clinical trials.4 The RTS,S/AS01 vaccine, 

SUMMARY BOX
	⇒ The WHO recommended the widespread use of the 
RTS,S/AS01 malaria vaccine in October 2021 to 
prevent malaria in children in areas of moderate-to-
high malaria transmission.

	⇒ The policy has been widely adopted in sub-Saharan 
Africa with 30 countries expressing interest in roll-
ing out the vaccine; however, only 20 have been 
approved for support by Global Alliance for Vaccines 
and Immunization (GAVI).

	⇒ Some of the 20 GAVI-approved countries will not 
receive the required doses due to the limited avail-
ability of RTS,S/AS01.

	⇒ Two years after the recommendation, the vaccine 
has been integrated into routine immunisation 
services in only five countries: Ghana, Kenya and 
Malawi, where it was piloted, and in two non-pilot 
countries, Cameroon and Burkina Faso.

	⇒ The October 2023 WHO recommendation of the R21/
Matrix-M vaccine and its subsequent prequalifica-
tion in December 2023 will boost vaccine supplies if 
available as scheduled, by mid 2024.
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extensively tested in different endemic regions in Africa, 
has moderate efficacy, reducing clinical malaria in chil-
dren aged 6 weeks to 18 months by 46% (95% CI 41.7% 
to 49.5%) and severe disease by 36% (95% CI 14.6% to 
51.1%) 18 months after the third dose.5 Though the effect 
is short lived and may depend on the transmission inten-
sity, the vaccine also confers protection to HIV-infected 
children for up to 1 month after the third dose.6–8 The 
WHO recommends a four-dose vaccine schedule with a 
three-dose primary series given at a minimum interval 
of 4 weeks between doses in children from 5 months of 
age, with a fourth dose 12–18 months after the third dose 
to prolong the duration of protection.3 There is a provi-
sion for a seasonal five-dose strategy in areas of highly 
seasonal malaria or with perennial malaria transmission 
with seasonal peaks, as the HR for the protective efficacy 
of seasonal vaccination compared with chemoprevention 
was 0.92 (95% CI 0.84 to 1.01).3 9 The vaccine reduced 
clinical malaria by 46% (95% CI 41.8% to 50.1%) and by 
34% (95% CI 28.9% to 38.6%) over a period of 3–4 years 
when administered with or without the fourth booster 
dose, respectively.10 It has been shown to reduce all-cause 
mortality (excluding injury) by 13% (0.87, 95% CI 0.78 
to 0.98) and hospitalisation due to severe malaria by 22% 
(0.78, 95% CI 0.64 to 0.96), during the 46 months of its 
introduction.11 12

In 2015, the European Medicines Agency (EMA) gave 
RTS,S/AS01 a positive recommendation after reviewing 
the efficacy data from large phase III trials.10 Following 
the EMA recommendation, the WHO recommended its 
pilot implementation in three countries to determine 
the impact on the incidence of hospital admission with 
severe malaria, all-cause mortality and meningitis or cere-
bral malaria after a possible association was detected in 
the phase III trials in addition to the feasibility of imple-
menting the recommended four doses in the context of 
routine health systems.13 14 The WHO evaluation was to 
be conducted over 4 years; however, sufficient data had 
accrued after 24 months, in October 2021, for WHO to 
make a recommendation. The evaluation confirmed the 
vaccine’s safety and demonstrated the feasibility of imple-
mentation within the existing Essential Programme on 
Immunization (EPI) in resource-limited settings.15

Despite recent progress with RTS,S/AS01, its efficacy 
falls well below WHO’s strategic goal set in 2013: ‘By 
2030, licensed malaria vaccines should have 75% or 
higher vaccine efficacy against clinical malaria with dura-
tion of protection demonstrated over at least two years’.16 
A second malaria vaccine, R21/Matrix-M, developed 
by the University of Oxford, UK and recommended by 
the WHO for widespread use in October 2023, was the 
first to achieve the WHO-specified targets with a vaccine 
efficacy of 78% (95% CI 71% to 83%) in the second 
year of follow-up following three primary series doses 
and a booster dose administered seasonally in phase II 
trials.17–19 R21/Matrix-M was added to the WHO prequal-
ified vaccines list in December 2023 and is expected to 
be available in mid-2024.12 20 Results from phase III trials 

showed R21/Matrix-M reduced clinical malaria cases by 
72% (95% CI 69% to 75%) after three primary series 
doses and a booster dose.21 The trial is ongoing, and 
additional information, such as differences between the 
standard age-based regimen and seasonal administration 
after 24 months of follow-up, will be known after quarter 
1 of 2024.22 The WHO recommends a three-dose primary 
series of the R21/Matrix-M vaccine given at a minimum 
interval of 4 weeks between doses in children from 5 
months of age, with flexibility on when the fourth dose 
is delivered, similar to the RTS,S/AS01 regimen.19 A fifth 
dose may be considered in areas of significant risk, and 
countries may consider providing the vaccine using age-
based, seasonal or hybrid delivery strategies in areas with 
highly seasonal malaria or areas with perennial malaria 
transmission with seasonal peaks. The WHO recom-
mends that countries prioritise vaccination with RTS,S/
AS01 and R21/Matrix-M in moderate and high transmis-
sion areas but may also consider providing the vaccine in 
low transmission settings.12 Other vaccine candidates are 
in development, most in phase I and preclinical stages, 
with more than 100 ongoing studies as of 2021.23 Notably, 
the PfSPZ vaccine is approaching late-stage clinical eval-
uation.3 24 25

This analysis describes the status of malaria vaccine 
registration, policy uptake and implementation, two 
years following the registration of the first vaccine.

STATUS OF MALARIA VACCINE POLICY UPTAKE BY COUNTRIES 
IN SSA 2 YEARS ON FROM THE WHO RECOMMENDATION
We conducted an online search for documents reporting 
on any malaria vaccine (including national malaria 
guidelines, immunisation schedules, strategic or oper-
ational plans for malaria control, government policy 
papers) from 34 SSA countries with moderate-to-high 
malaria transmission published between October 2021, 
the date of the WHO recommendation on RTS,S/AS01, 
and January 2024. We used the WHO guidance of an 
annual incidence greater than 250 cases per 1000 popu-
lation to identify countries with moderate-to-high malaria 
transmission in 2022.3 26 The keywords used in the search 
included: ‘Malaria’, ‘Guideline’, ‘Immunisation policy’, 
‘RTS,S’, ‘R21’ and ‘country’ (where country was the 
actual name of the SSA country) (table 1). In addition, 
email contact was made with 24 country representatives 
working in malaria control programmes to request docu-
ments. We relied on members of the Roll Back Malaria 
partnership on Malaria in Pregnancy and those known to 
the researchers and were thus unable to contact country 
representatives from all 34 countries. One subject matter 
expert, a member of the Independent Review Committee 
of the Global Alliance for Vaccines and Immunization 
(GAVI), the organisation responsible for improving 
access to new and underused vaccines for children, was 
also consulted for additional information.

Overall, 15 countries had documents or reports 
concerning the malaria vaccine. The three countries 
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involved in the WHO pilot evaluation (Ghana, Kenya and 
Malawi) had implemented the vaccine, where expansion 
of RTS,S/AS01 was ongoing. The pilot countries received 
financial support from non-profit organisations—Give-
Well and Open Philanthropy—through joint fundraising 
efforts by PATH and WHO—with the required vaccine 
doses donated by the manufacturer, GSK, and technical 
and financial support for the pilot evaluations were 
supported by GAVI, the Vaccine Alliance, The Global 
Fund and Unitaid. Cameroon and Burkina Faso were 
the only countries outside of the pilot ones to integrate 
the malaria vaccine into national immunisation services. 
Liberia and Benin were yet to implement the vaccine 
but had received initial RTS,S/AS01 doses. Two other 
countries (Uganda and Nigeria) had documentation on 
implementation plans. Through direct contact with indi-
viduals, Senegal and Togo were said to be updating their 
national malaria guidelines to include a malaria vaccine, 
and Gabon was considering malaria vaccine implemen-
tation. A non-governmental organisation (President’s 
Malaria Initiative) was reportedly providing support for 
malaria vaccine implementation planning in three coun-
tries: Uganda, Burkina Faso and the Democratic Republic 
of Congo. Togo planned to update their national malaria 
guidelines in January 2024 following the outcomes of 
the funding application to GAVI for support for vaccine 
implementation.

10 countries (Ghana, Malawi, Mali, Uganda, Burkina 
Faso, Kenya, Nigeria, Cameroon, Benin and Liberia) 
referred to a specific malaria vaccine, while five countries 
(Gabon, Guinea, Senegal, the Democratic Republic of 
the Congo and Togo) did not. Seven countries (Ghana, 
Malawi, Mali, Uganda, Cameroon, Benin and Liberia) 
referred to RTS,S/AS01, while three (Burkina Faso, 
Kenya and Nigeria) referred to both RTS,S/AS01 and 
R21/Matrix-M. Zambia did not specify a specific malaria 
vaccine. Burkina Faso, the site of a phase IIb trial of 
R21/Matrix-M, was among the three countries refer-
ring to R21/Matrix-M in addition to Kenya, where the 

manufacturers of R21/Matrix-M were seeking a licence 
for deployment in 2023, and Nigeria which had granted 
R21/Matrix-M conditional licence approval for phase IV 
trials. Nigeria was reported to have applied for 1 million 
doses of RTS,S/AS01 to reach 250 000 children, expected 
to arrive by April 2024. Documents from the remaining 
22 countries did not mention either malaria vaccine 
(online supplemental tables S1 and S2). As of March 
2024, Cameroon and Burkina Faso are the first countries 
outside the pilot countries to introduce the vaccine into 
national immunisation services, in 42 and 27 districts, 
respectively.27–29 It is noteworthy that the implementation 
of the malaria vaccine in countries is a rapidly changing 
situation, and the findings herein offer a snapshot at the 
time of the study.

STATUS OF RTS,S/AS01 VACCINE IMPLEMENTATION IN EACH 
COUNTRY AND STRATEGIES THAT HAVE BEEN DEPLOYED
Countries have used varied approaches for introducing 
the vaccine: (1) pilots with nested evaluations in the three 
pilot countries—Ghana, Kenya and Malawi (now in the 
expansion phase, which is restricted to non-vaccinating 
clusters in the pilot regions due to supply constraints), 
(2) a planned phased introduction in Uganda with four 
phases following four subnational categories of districts, 
based on regions with the highest P. falciparum para-
site prevalence and high all-cause under-five mortality, 
scheduled between 2023/2024 and 2026/2027 and (3) 
a planned pilot programme in five districts in Guinea. 
The three initial pilot countries and Cameroon use an 
age-based dosing strategy through routine EPI delivery 
platforms; however, the RTS,S/AS01 schedule varied 
across countries. Kenya recommends doses at 6, 7, 9 
and 24 months, while Malawi recommends doses at 5, 
6, 7 and 22 months. Ghana recommends a schedule of 
6, 7 and 9 months for the primary series and the fourth 
dose at 18 months, changed from 24 months during the 
vaccine pilot. Cameroon recommends vaccination starts 

Table 1  Search approach to identify documents from sub-Saharan countries with moderate-to-high malaria transmission 
intensity

Search approach

Databases Google

Language filter None

Search terms 1.	 ‘Guidelines’ OR ‘Immunisation policy’ AND ‘Country’ AND ‘Malaria’
2.	 ‘Guidelines’ AND ‘Country’ AND ‘Malaria’
3.	 ‘Immunisation policy’ AND ‘Country’ AND ‘Malaria’
4.	 ‘R21’ AND ‘Country’
5.	 ‘RTS,S/AS01’ AND ‘Country’
6.	 ‘R21’ AND ‘Guidelines’ AND ‘Country’
7.	 ‘RTS,S/AS01’ AND ‘Guidelines’ AND ‘Country’
8.	 ‘RTS,S/AS01’ AND ‘Immunisation policy’ AND ‘Country’
9.	 ‘R21’ AND ‘Immunisation policy’ AND ‘Country’

Where ‘country’ is the actual name of the sub-Saharan African country and documents are from October 2021 to January 2024.
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at 6 months, while Benin is to administer it at 6, 7, 9 and 
18 months. In Burkina Faso, the vaccine has a four-dose 
schedule for children starting at 5 months. The variation 
in scheduling among countries reflects the flexibility 
the WHO recommendation offers. Other delivery strat-
egies include seasonal vaccination via EPI mass vacci-
nation campaigns (MVCs), a combination of age-based 
priming vaccination doses delivered via the EPI clinics 
and seasonal booster doses delivered via MVCs and a 
combination of age-based priming vaccination doses and 
seasonal booster doses all delivered via the EPI clinics.30 31 
However, no country has yet adopted these strategies; 
only Ghana reported the planned use of mass campaign 
delivery of RTS,S/AS01 to children aged 6–59 months 
(online supplemental table S2).

LIMITED RTS,S/AS01 AVAILABILITY PUTS PRESSURE ON 
COUNTRIES TO REGISTER NON-WHO-PREQUALIFIED VACCINES
30 of 34 SSA countries had expressed interest in imple-
menting the malaria vaccine, as evidenced by their appli-
cations to GAVI for financial support. As of March 2024, 
applications from 20 countries had been approved by 
GAVI’s Independent Review Committee.12 32 33 18 million 
doses of RTS,S/AS01 are available for the period between 
2023 and 2025.23 Of these, 6.9 million doses are needed 
for the expansion of vaccination in the three pilot coun-
tries: Ghana, Kenya and Malawi. The remaining doses 
will be introduced into routine immunisation in eight 
countries: Benin, Burkina Faso, Uganda, Cameroon, the 
Democratic Republic of Congo, Liberia, Sierra Leone and 
Burundi.33 34 Other GAVI-approved countries include the 
Ivory Coast, Guinea, the Central African Republic, Chad, 
Nigeria and South Sudan. One country (Niger) will 
be offered partial supply, while two countries (Mozam-
bique and Sudan) are without immediate allocation due 
to limited vaccine availability.33 The unavailability of 
vaccines is a major concern, and the problem is expected 
to get worse as a steady-state demand of approximately 
110 million doses annually by 2036 is forecasted.35

As witnessed in the recent COVID pandemic, a new 
vaccine is most likely to be accompanied by a demand 
that outstrips supply, necessitating protocols that allow its 
equitable and ethical distribution.36–38 To this end, the 
WHO had rightly developed a framework for vaccine 
allocation, which considered the principles of transpar-
ency, inclusiveness, accountability, greatest need, health 
impact and equity to prioritise country allocation.39 The 
organisation further advised that the decision on where 
to introduce the malaria vaccine be made in the context 
of national planning mixes of malaria interventions and 
strategies and consideration of subnational tailoring 
packages of interventions.26 Subnational tailoring 
considers variations in malaria epidemiology, health 
system structure and function and broader contextual 
considerations.26 Similarly, GAVI proposes the distri-
bution of the available vaccines to countries with areas 
of greatest need where the proxy measure for need is a 

composite index of malaria parasite prevalence rates in 
children and under-five all-cause mortality rates.34

However, despite these distribution measures by WHO 
and GAVI, recommending a life-saving vaccine that was 
not immediately available for all in need is a concern. 
Moreover, prioritising the full implementation of avail-
able vaccines in the three pilot countries over countries 
with a greater disease burden is contentious. While it 
could be argued that the pilot countries have the required 
vaccine distribution infrastructure and programmes in 
place to administer limited vaccine supplies, the unde-
niable burden of disease in other countries is hard to 
overlook. A trade-off between countries with the greatest 
need and those that can effectively distribute and admin-
ister the scarce vaccine supplies should be considered.40

The unavailability of sufficient RTS,S/AS01 vaccine 
supplies saw countries like Ghana, Nigeria, Burkina Faso 
and Kenya provide conditional approval of the R21/
Matrix-M malaria vaccine at the time when the vaccine 
was neither WHO recommended nor prequalified.41 
About 6 million doses of the R21/Matrix-M vaccine are 
currently available, with the Serum Institute in India 
projected to produce 100–200 million doses annually.22

CHALLENGES OF VACCINE INTRODUCTION
The successful introduction of a new vaccine into national 
immunisation programmes requires coordinated efforts 
among all stakeholders. Prior to the WHO recommen-
dation, studies conducted on the anticipated challenges 
to effective implementation of the vaccine identified 
inadequate community engagement, fear of vaccine side 
effects, inefficient delivery of vaccination services to chil-
dren, cost of vaccine introduction and uptake of the four-
dose schedule as possible stumbling blocks.42–44 Various 
approaches have been proposed for the successful imple-
mentation of the vaccine, such as using dynamic commu-
nication models and trusted sources for delivering 
vaccine-related health information to the communities, 
community engagement at both national and district 
levels and implementation of the new vaccine alongside 
the existing health services already delivered.42 43 45–51

RTS,S/AS01 implementation challenges emerged during 
the first 2 years in the three pilot countries where the vaccine 
was incorporated into national EPI programmes. A high 
dropout rate between the third and fourth doses, 30% in 
Ghana and Malawi and 40% in Kenya, has been recorded.52 
While it is recommended that the fourth dose be given 
12–18 months after the third dose to prolong the duration 
of protection, there is flexibility to align the fourth dose 
with other vaccines given in the second year of life, such as 
the second measles dose given at 18 months of age. In the 
three pilot countries, there is flexibility on when the fourth 
booster dose is administered, ranging from 18 months to 24 
months. In Ghana, the provision of the fourth dose in the 
second year with other vaccines has seen coverage increase 
to 81%.53 Provision of incentives like long-lasting insecticide-
treated nets to caregivers and children when they complete 
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Osoro CB, et al. BMJ Glob Health 2024;9:e014719. doi:10.1136/bmjgh-2023-014719 5

BMJ Global Health

the fourth dose is a potential strategy to increase coverage of 
all four doses.52 54 55 Such strategies are needed to integrate 
RTS,S/AS01 or R21/Matrix-M, another four-dose malaria 
vaccine, within national EPI schedules.

Vaccine cost is a major consideration for countries imple-
menting the WHO recommendation. The RTS,S/AS01 
vaccine is priced at cost with a margin of no more than 5% 
by the manufacturer, approximately €9.30 per dose, while 
the R21/Matrix-M vaccine is cheaper at US$4 per dose.19 22 23 
Funding for the RTS,S/AS01 vaccine for a period of 3 years 
up to 2025 is provided by GAVI, while UNICEF will secure the 
supply of the R21/Matrix-M vaccine from 2024 to 2028.56 57 A 
study conducted in the three pilot countries has shown that 
the cost of introducing the RTS,S/AS01 vaccine is compa-
rable to the cost of introducing other new vaccines, with the 
country’s baseline immunisation programme capacity a crit-
ical factor in the incremental resource needs.58 In areas with 
seasonal malaria transmission, strategies to deliver seasonal 
doses of malaria vaccines are likely to have a higher cost than 
age-based EPI delivery.59 However, MVCs before the high 
malaria transmission season, in addition to other interven-
tion measures such as seasonal malaria chemoprevention, 
are likely to be more effective.60–62 It is worth noting that the 
pilot countries received financial and technical assistance for 
all components of the pilots (planning, training, communi-
cation, vaccines, etc) and for expansion to non-vaccinating 
clusters. Other SSA countries would benefit from similar 
support for the implementation of the vaccine through 
the WHO and GAVI’s Malaria Vaccine Coordination Team, 
a platform for coordination and information sharing to 
support the implementation of the vaccine in countries.12

CONCLUSION
The WHO-recommended RTS,S/AS01 vaccine for children 
has been well received by countries in SSA, with 30 out of 34 
SSA countries approaching GAVI for access to the vaccine 
and financial support. 20 of the 30 have been approved as of 
March 2024. Due to supply constraints, implementation of 
the vaccine within the national immunisation schedules has 
so far been restricted to the three WHO pilot countries (which 
also received large grants to scale up) and only two non-pilot 
countries, Cameroon and Burkina Faso. The limited avail-
ability of RTS,S/AS01 when its recommendation for use 
was made had necessarily prompted the WHO to develop 
a framework for allocating vaccines, putting some countries 
on the wait list and thereby putting pressure on countries to 
register the alternative R21/Matrix-M prior to WHO approval 
and prequalification. Two years after the much-celebrated 
WHO recommendation for the RTS,S/AS01 vaccine, there 
is an urgent need to boost RTS,S/AS01 and R21/Matrix-M 
vaccine production to meet the demand for these life-saving 
vaccines in SSA, where the greatest malaria burden lies. 
 

X Caroline Bonareri Osoro @DCarolineosoro, Jenifer Akoth Otieno @AkothJenifer 
and Caleb Kimutai Sagam @sagamcaleb1

Acknowledgements  The authors appreciate the following for the provision of 
additional information for this paper: Taryn Young (Stellenbosch University, South 
Africa), Viviana Mangiaterra of the Independent Review Committee of GAVI, Kristen 
Vibbert (Jhpiego), Caroline Kupchella (Jhpiego), Camille Houetohossou (Benin), 
Sattu Issa (Sierra Leone), Landrine Mugisha (Burundi), IniAbasi Nglass (Nigeria), 
Joel Ateba (Cameroon), Lazare Loua (Guinea), Joseph Mugasa (Sierra Leone and 
Tanzania), Robert Serunjogi (Uganda), Kassoum Kayentao (Mali) and Chanelle 
Muhoza (Burundi). The authors acknowledge the Centre for Global Health Research 
at the Kenya Medical Research Institute, where CBO, EO, JO, LW, CS, EJO, SK and 
FtK are based.

Contributors  CBO, EO, FtK and JH conceived and designed the study. CBO was 
responsible for overseeing and completing data collection and contacting various 
country representatives. JAO, LW, CKS and EJO did the searches and extracted 
data. Conflicts were resolved by CBO. CBO collated and summarised the data. CBO, 
EO, FtK, SK, TKK and JH contributed to the interpretation of the findings. CBO led 
the writing of this paper with contributions from JH, EO, FtK, SK, TKK, JAO, LW, CKS 
and EJO. All authors (CBO, JH, EO, FtK, SK, TKK, JAO, LW, CKS and EJO) edited the 
paper and approved the final submitted version.

Funding  This research is jointly funded by the UK Medical Research Council (MRC) 
and the UK Foreign, Commonwealth & Development Office (FCDO) under the MRC/
FCDO concordat agreement (grant number T008768). This UK-funded award is part 
of the EDCTP2 programme supported by the European Union.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Ethics approval  This study does not involve human participants. However, approval 
from the Stellenbosch University Health Research Ethics Committee (S21/03/056) 
has been granted as part of CBO’s doctoral thesis work.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Caroline Bonareri Osoro http://orcid.org/0000-0003-2867-6224
Jenifer Akoth Otieno http://orcid.org/0000-0001-9521-624X
Caleb Kimutai Sagam http://orcid.org/0000-0002-7316-3340
Jenny Hill http://orcid.org/0000-0003-1588-485X

REFERENCES
	 1	 Cibulskis RE, Alonso P, Aponte J, et al. Malaria: global progress 

2000 - 2015 and future challenges. Infect Dis Poverty 2016;5:61. 
	 2	 WHO. World malaria report 2023. Geneva: World Health 

Organization; 2023.
	 3	 WHO: World Malaria Report. World malaria report 2022. Geneva: 

WHO; 2022.293.
	 4	 Zavala F. RTS,S: the first malaria vaccine. J Clin Invest 

2022;132:e156588:132:. 
	 5	 RTS,S Clinical Trials Partnership. Efficacy and safety of the RTS,S/

As01 malaria vaccine during 18 months after vaccination: a phase 
3 randomized, controlled trial in children and young infants at 11 
African sites. PLoS Med 2014;11:e1001685. 

	 6	 WHO. WHO recommends groundbreaking malaria vaccine for 
children at risk [news release]. Geneva: World Health Organization; 
2021.

	 7	 Otieno L, Guerra Mendoza Y, Adjei S, et al. Safety and 
Immunogenicity of the RTS,S/As01 malaria vaccine in infants and 
children identified as HIV-infected during a randomized trial in sub-
Saharan Africa. Vaccine 2020;38:897–906. 

	 8	 Otieno L, Oneko M, Otieno W, et al. Safety and Immunogenicity of 
RTS,S/As01 malaria vaccine in infants and children with WHO stage 
1 or 2 HIV disease: a randomised, double-blind, controlled trial. 
Lancet Infect Dis 2016;16:1134–44. 

	 9	 Chandramohan D, Zongo I, Sagara I, et al. Seasonal malaria 
vaccination with or without seasonal malaria chemoprevention. N 
Engl J Med 2021;385:1005–17. 

	10	 Rts S. Efficacy and safety of RTS,S/As01 malaria vaccine with or 
without a booster dose in infants and children in Africa: final results 

https://x.com/DCarolineosoro
https://x.com/AkothJenifer
https://x.com/sagamcaleb1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-2867-6224
http://orcid.org/0000-0001-9521-624X
http://orcid.org/0000-0002-7316-3340
http://orcid.org/0000-0003-1588-485X
http://dx.doi.org/10.1186/s40249-016-0151-8
http://dx.doi.org/10.1172/JCI156588
http://dx.doi.org/10.1371/journal.pmed.1001685
http://dx.doi.org/10.1016/j.vaccine.2019.10.077
http://dx.doi.org/10.1016/S1473-3099(16)30161-X
http://dx.doi.org/10.1056/NEJMoa2026330
http://dx.doi.org/10.1056/NEJMoa2026330


6 Osoro CB, et al. BMJ Glob Health 2024;9:e014719. doi:10.1136/bmjgh-2023-014719

BMJ Global Health

of a phase 3, individually randomised, controlled trial. Lancet 
2015;386:31–45. 

	11	 Wadman M. First malaria vaccine slashes early childhood mortality. 
in science. 2023. 

	12	 Hamel M. Update on malaria vaccines. Meeting of the Strategic 
Advisory Group of Experts on Immunization; Cameroon, 2024

	13	 Willyard C. The slow roll-out of the world’s first malaria vaccine. 
Nature 2022;612:S48–9. 

	14	 WHO. Malaria Vaccine: WHO Position Paper – March 2022. In 
Weekly Epidemiological Record, Vol. 2022; WHO; 2022.60–78.

	15	 Nadeem A, Bilal W. Acceptance, availability and feasibility of RTS, S/
As01 malaria vaccine: a review of literature. Asian Pac J Trop Med 
2023;16:162. 

	16	 Organization WH. Malaria vaccine technology roadmap. Geneva: 
WHO; 2023.11.

	17	 Datoo MS, Natama MH, Somé A, et al. Efficacy of a low-dose 
candidate malaria vaccine, R21 in adjuvant matrix-M, with seasonal 
administration to children in Burkina Faso: a randomised controlled 
trial. Lancet 2021;397:1809–18. 

	18	 Datoo MS, Natama HM, Somé A, et al. Efficacy and Immunogenicity 
of R21/matrix-M vaccine against clinical malaria after 2 years' 
follow-up in children in Burkina Faso: a phase 1/2B randomised 
controlled trial. Lancet Infect Dis 2022;22:1728–36. 

	19	 WHO. WHO recommends R21/matrix-M vaccine for malaria 
prevention in updated advice on immunization. Geneva. 2023.1.

	20	 WHO. WHO Prequalifies a second malaria vaccine, a significant 
milestone in prevention of the disease. Geneva: World Health 
Organization; 2023.1.

	21	 Datoo MS, Dicko A, Tinto H, et al. Safety and efficacy of malaria 
vaccine candidate R21/matrix-M in African children: a multicentre, 
double-blind, randomised, phase 3 trial. Lancet 2024;403:533–44. 

	22	 Tintou H, Ouedraogo JB, Hamaluba M, et al. Phase III: R21/
matrix-M. In American Society of Tropical Medicine and Hygiene 
(ASTMH) annual meeting; Chicago, USA, 2023

	23	 Market shaping Roadmaps- malaria vaccines. n.d. Available: https://
www.gavi.org/sites/default/files/document/Malaria-Roadmap-Public-​
Summary.pdf

	24	 Butler D. Promising malaria vaccine to be tested in first large field 
trial. Nature 2019. 

	25	 Oneko M, Steinhardt LC, Yego R, et al. Safety, Immunogenicity 
and efficacy of Pfspz vaccine against malaria in infants in Western 
Kenya: a double-blind, randomized, placebo-controlled phase 2 trial. 
Nat Med 2021;27:1636–45. 

	26	 WHO guidelines for malaria. 25 Nov 2022 edition. 2022.
	27	 WHO. 2024. Cameroon kicks off malaria vaccine Rollout. World 

Health Organization; 1.
	28	 WHO. Nearly 10 000 children vaccinated as malaria vaccine Rollout 

in Africa expands. Brazzaville: World Health Organization; 2024.1.
	29	 Burkina Faso becomes 2ND African country to include malaria 

vaccine in immunization program. n.d. Available: https://www.​
africanews.com/2024/02/05/burkina-faso-becomes-2nd-african-​
country-to-include-malaria-vaccine-in-routine-immunizatio//

	30	 Merle CS, Badiane NA, Affoukou CD, et al. Implementation 
strategies for the introduction of the RTS,S/As01 (RTS,S) malaria 
vaccine in countries with areas of highly seasonal transmission: 
workshop meeting report. Malar J 2023;22:242. 

	31	 Grant J, Diawara H, Traore S, et al. Delivery strategies for malaria 
vaccination in areas with seasonal malaria transmission. BMJ Glob 
Health 2023;8:e011838. 

	32	 Zarocostas J. Gavi unveils malaria vaccine plans. Lancet 
2023;401:1485. 

	33	 WHO. First malaria vaccine supply allocations may 2023. Geneva: 
World Health Organization; 2023.8.

	34	 WHO. 18 million doses of first-ever malaria vaccine allocated to 12 
African countries for 2023–2025. Gavi, WHO and UNICEF; 2023.

	35	 Team W. WHO malaria vaccine global market study – September 
2021. World Health Organization; 2021.5.

	36	 Alós-Ferrer C, García-Segarra J, Ginés-Vilar M. Ethical allocation 
of scarce vaccine doses: the priority-equality protocol. Front Public 
Health 2022;10:986776. 

	37	 Krütli P, Rosemann T, Törnblom KY, et al. How to fairly allocate 
scarce medical resources: ethical argumentation under scrutiny by 
health professionals and lay people. PLoS One 2016;11:e0159086. 

	38	 O’Sullivan L, Aldasoro E, O’Brien Á, et al. Ethical values and 
principles to guide the fair allocation of resources in response to a 
pandemic: a rapid systematic review. BMC Med Ethics 2022;23:70. 

	39	 WHO. Framework for the allocation of limited malaria vaccine 
supply. Geneva: World Health Organization; 2022.

	40	 Emanuel EJ, Persad G. The shared ethical framework to allocate 
scarce medical resources: a lesson from COVID-19. Lancet 
2023;401:1892–902. 

	41	 Mahase E. Ghana APPROVES Oxford’s malaria vaccine for children 
aged 5 to 36 months. BMJ 2023;381:p850. 

	42	 Dimala CA, Kika BT, Kadia BM, et al. Blencowe H: Current 
challenges and proposed solutions to the effective implementation 
of the RTS, S/As01 malaria vaccine program in sub-Saharan Africa: 
a systematic review. PLoS One 2018;13:e0209744. 

	43	 Grant J, Gyan T, Agbokey F, et al. Challenges and lessons learned 
during the planning and early implementation of the RTS,S/As01(E) 
malaria vaccine in three regions of Ghana: a qualitative study. Malar 
J 2022;21:147. 

	44	 Adeshina OO, Nyame S, Milner J, et al. Barriers and Facilitators to 
nationwide implementation of the malaria vaccine in Ghana. Health 
Policy Plan 2023;38:28–37. 

	45	 Guignard A, Praet N, Jusot V, et al. Introducing new vaccines in low- 
and middle-income countries: challenges and approaches. Expert 
Rev Vaccines 2019;18:119–31. 

	46	 Yeboah D, Owusu-Marfo J, Agyeman YN. Predictors of malaria 
vaccine uptake among children 6-24 months in the kassena nankana 
municipality in the upper East region of Ghana. Malar J 2022;21:339. 

	47	 Adjei MR, Amponsa-Achiano K, Okine R, et al. Post introduction 
evaluation of the malaria vaccine implementation programme in 
Ghana, 2021. BMC Public Health 2023;23:586. 

	48	 Aremu TO, Singhal C, Ajibola OA, et al. Assessing public awareness 
of the malaria vaccine in sub-Saharan Africa. Trop Med Infect Dis 
2022;7:215:7:. 

	49	 Sulaiman SK, Musa MS, Tsiga-Ahmed FI, et al. Bako AT: a 
systematic review and meta-analysis of the prevalence of 
caregiver acceptance of malaria vaccine for under-five children 
in low-income and middle-income countries (Lmics). PLoS One 
2022;17:e0278224. 

	50	 Nnaji A, Ozdal MA. Perception and awareness towards malaria 
vaccine policy implementation in Nigeria by health policy actors. 
Malar J 2023;22:111. 

	51	 Hill J, Bange T, Hoyt J, et al. Integration of the RTS,S/As01 malaria 
vaccine into the essential programme on Immunisation in Western 
Kenya: a qualitative longitudinal study from the health system 
perspective. The Lancet Global Health 2024;12:e672–84. 

	52	 Report of the independent review committee to the GAVI alliance on 
the review of applications. GAVI; 2022.26.

	53	 Hamel M. RTS,S/As01 and MVIP update. In Virtual Malaria Policy 
Advisory Group (MPAG) Meeting; 2023

	54	 World Health O. WHO guidelines for malaria. 2022.
	55	 Samuels AM, Ansong D, Kariuki SK, et al. Efficacy of RTS,S/As01(E) 

malaria vaccine administered according to different full, fractional, 
and delayed third or early fourth dose regimens in children aged 
5-17 months in Ghana and Kenya: an open-label, phase 2B. Lancet 
Infect Dis 2022;22:1329–42. 

	56	 New financing agreement boost for malaria vaccine. Available: 
https://www.gavi.org/news/media-room/new-financing-agreement-​
boost-malaria-vaccine?gclid=CjwKCAjwndCKBhAkEiwAgSDKQW7k​
iMf5iJOcb4NHuoNZPOLSTE97rJt3pQf7kRqUqRV0FsYiRZ75gRoC​
bhEQAvD_BwE

	57	 UNICEF signs deal to deliver new malaria vaccine in breakthrough 
for child survival. n.d. Available: https://www.unicef.org/​
press-releases/unicef-signs-deal-deliver-new-malaria-vaccine-​
breakthrough-child-survival

	58	 Baral R, Levin A, Odero C, et al. Cost of introducing and 
delivering RTS,S/As01 malaria vaccine within the malaria vaccine 
implementation program. Vaccine 2023;41:1496–502. 

	59	 Diawara H, Bocoum FY, Dicko A, et al. Cost of introducing and 
delivering malaria vaccine (RTS,S/As01(E)) in areas of seasonal 
malaria transmission, Mali and Burkina Faso. BMJ Glob Health 
2023;8:e011316:8:. 

	60	 Thompson HA, Hogan AB, Walker PGT, et al. Seasonal use case for 
the RTS,S/As01 malaria vaccine: a mathematical modelling study. 
Lancet Glob Health 2022;10:e1782–92. 

	61	 Greenwood B, Dicko A, Sagara I, et al. Seasonal vaccination against 
malaria: a potential use for an imperfect malaria vaccine. Malar J 
2017;16:182. 

	62	 Dicko A, Ouedraogo J-B, Zongo I, et al. Seasonal vaccination 
with RTS,S/As01(E) vaccine with or without seasonal malaria 
chemoprevention in children up to the age of 5 years in Burkina 
Faso and Mali: a double-blind, randomised, controlled, phase 3 trial. 
Lancet Infect Dis 2024;24:75–86. 

http://dx.doi.org/10.1016/S0140-6736(15)60721-8
http://dx.doi.org/10.1038/d41586-022-04343-7
http://dx.doi.org/10.4103/1995-7645.374354
http://dx.doi.org/10.1016/S0140-6736(21)00943-0
http://dx.doi.org/10.1016/S1473-3099(22)00442-X
http://dx.doi.org/10.1016/S0140-6736(23)02511-4
https://www.gavi.org/sites/default/files/document/Malaria-Roadmap-Public-Summary.pdf
https://www.gavi.org/sites/default/files/document/Malaria-Roadmap-Public-Summary.pdf
https://www.gavi.org/sites/default/files/document/Malaria-Roadmap-Public-Summary.pdf
http://dx.doi.org/10.1038/d41586-019-01232-4
http://dx.doi.org/10.1038/s41591-021-01470-y
https://www.africanews.com/2024/02/05/burkina-faso-becomes-2nd-african-country-to-include-malaria-vaccine-in-routine-immunizatio//
https://www.africanews.com/2024/02/05/burkina-faso-becomes-2nd-african-country-to-include-malaria-vaccine-in-routine-immunizatio//
https://www.africanews.com/2024/02/05/burkina-faso-becomes-2nd-african-country-to-include-malaria-vaccine-in-routine-immunizatio//
http://dx.doi.org/10.1186/s12936-023-04657-5
http://dx.doi.org/10.1136/bmjgh-2023-011838
http://dx.doi.org/10.1136/bmjgh-2023-011838
http://dx.doi.org/10.1016/S0140-6736(23)00902-9
http://dx.doi.org/10.3389/fpubh.2022.986776
http://dx.doi.org/10.3389/fpubh.2022.986776
http://dx.doi.org/10.1371/journal.pone.0159086
http://dx.doi.org/10.1186/s12910-022-00806-8
http://dx.doi.org/10.1016/S0140-6736(23)00812-7
http://dx.doi.org/10.1136/bmj.p850
http://dx.doi.org/10.1371/journal.pone.0209744
http://dx.doi.org/10.1186/s12936-022-04168-9
http://dx.doi.org/10.1186/s12936-022-04168-9
http://dx.doi.org/10.1093/heapol/czac077
http://dx.doi.org/10.1093/heapol/czac077
http://dx.doi.org/10.1080/14760584.2019.1574224
http://dx.doi.org/10.1080/14760584.2019.1574224
http://dx.doi.org/10.1186/s12936-022-04378-1
http://dx.doi.org/10.1186/s12889-023-15481-6
http://dx.doi.org/10.3390/tropicalmed7090215
http://dx.doi.org/10.1371/journal.pone.0278224
http://dx.doi.org/10.1186/s12936-023-04536-z
http://dx.doi.org/10.1016/S2214-109X(24)00013-5
http://dx.doi.org/10.1016/S1473-3099(22)00273-0
http://dx.doi.org/10.1016/S1473-3099(22)00273-0
https://www.gavi.org/news/media-room/new-financing-agreement-boost-malaria-vaccine?gclid=CjwKCAjwndCKBhAkEiwAgSDKQW7kiMf5iJOcb4NHuoNZPOLSTE97rJt3pQf7kRqUqRV0FsYiRZ75gRoCbhEQAvD_BwE
https://www.gavi.org/news/media-room/new-financing-agreement-boost-malaria-vaccine?gclid=CjwKCAjwndCKBhAkEiwAgSDKQW7kiMf5iJOcb4NHuoNZPOLSTE97rJt3pQf7kRqUqRV0FsYiRZ75gRoCbhEQAvD_BwE
https://www.gavi.org/news/media-room/new-financing-agreement-boost-malaria-vaccine?gclid=CjwKCAjwndCKBhAkEiwAgSDKQW7kiMf5iJOcb4NHuoNZPOLSTE97rJt3pQf7kRqUqRV0FsYiRZ75gRoCbhEQAvD_BwE
https://www.gavi.org/news/media-room/new-financing-agreement-boost-malaria-vaccine?gclid=CjwKCAjwndCKBhAkEiwAgSDKQW7kiMf5iJOcb4NHuoNZPOLSTE97rJt3pQf7kRqUqRV0FsYiRZ75gRoCbhEQAvD_BwE
https://www.unicef.org/press-releases/unicef-signs-deal-deliver-new-malaria-vaccine-breakthrough-child-survival
https://www.unicef.org/press-releases/unicef-signs-deal-deliver-new-malaria-vaccine-breakthrough-child-survival
https://www.unicef.org/press-releases/unicef-signs-deal-deliver-new-malaria-vaccine-breakthrough-child-survival
http://dx.doi.org/10.1016/j.vaccine.2023.01.043
http://dx.doi.org/10.1136/bmjgh-2022-011316
http://dx.doi.org/10.1016/S2214-109X(22)00416-8
http://dx.doi.org/10.1186/s12936-017-1841-9
http://dx.doi.org/10.1016/S1473-3099(23)00368-7

	Policy uptake and implementation of the RTS,S/AS01 malaria vaccine in sub-­Saharan African countries: status 2 years following the WHO recommendation
	Abstract
	WHO recommends RTS,S/AS01 as the world’s first malaria vaccine﻿﻿
	Status of malaria vaccine policy uptake by countries in SSA 2 years on from the WHO recommendation
	Status of RTS,S/AS01 vaccine implementation in each country and strategies that have been deployed
	Limited RTS,S/AS01 availability puts pressure on countries to register non-WHO-prequalified vaccines
	Challenges of vaccine introduction
	Conclusion
	References


