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Objec&fs pédagogiques

1. Décrire l’épidémiologie du paludisme;
2. Décrire les différents type de vaccins antipalustre;
3. Donner les mécanismes d’action des différents 

vaccins antipalustre inclus dans les essais cliniques;
4. Exposer les principaux résultats d’essais cliniques 

des vaccins ayant fait l’objet d’essai en phase avancé 
et validés pour une utilisation dans les zones 
d’endémie palustre



Généralités
• Le  Paludisme appelé malaria 

est une maladie grave parfois 
mortelle, provoquée par des 
parasites sanguicoles du genre 
Plasmodium, transmis par les 
moustiques (anophèle femelle 
infecté). 

• Selon l’ OMS, près de 40 % de la 
population mondiale est 
directement exposée à la 
maladie

• Cinq (5) espèces:
• P. falciparum +++
• P.ovale 
• P. malariae 
• P. vivax 
• P. knowlesi



Généralités

•Maladie humaine potentiellement mortelle, évitable et 
guérissable;
• En 2020, 241 millions de cas de paludisme dans le monde;
• Nombre de décès imputables au paludisme estimé à 627 000 

en 2020.
• Région africaine de l’OMS: en 2020, 95 % des cas de 

paludisme et 96 % des décès;
• Enfants de moins de 5 ans: 80 % de l’ensemble des décès.



Mortalité liée au Paludisme



Incidence des cas de paludisme dans la région 
Africaine de l’OMS (Rapport OMS 2021)
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to 602 000 in 2020. Between 2000 and 2019, the 
malaria mortality rate reduced by 63%, from 150 to 
56 per 100 000 population at risk, before rising to 62 in 
2020 (Fig. 3.3b). Cabo Verde and Sao Tome and 
Principe have reported zero malaria deaths since 2018.

Since 2015, the rate of progress in both cases and 
deaths has stalled in several countries with moderate 
or high transmission; the situation was made worse, 

especially in sub-Saharan Africa, by disruptions during 
the COVID-19 pandemic and other humanitarian 
emergencies (Fig. 3.3a-b). The WHO African Region 
contributed to over 95% of the increase in cases and 
deaths between 2019 and 2020. The distribution of 
cases by country in 2020 is shown in Fig. 3.3c.

FIG. 3.3.

Trends in a) malaria case incidence (cases per 1000 population at risk) and b) mortality rate (deaths per 
100 000 population at risk), 2000–2020; and c) malaria cases by country in the WHO African Region, 
2020 Source: WHO estimates.
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to 602 000 in 2020. Between 2000 and 2019, the 
malaria mortality rate reduced by 63%, from 150 to 
56 per 100 000 population at risk, before rising to 62 in 
2020 (Fig. 3.3b). Cabo Verde and Sao Tome and 
Principe have reported zero malaria deaths since 2018.

Since 2015, the rate of progress in both cases and 
deaths has stalled in several countries with moderate 
or high transmission; the situation was made worse, 

especially in sub-Saharan Africa, by disruptions during 
the COVID-19 pandemic and other humanitarian 
emergencies (Fig. 3.3a-b). The WHO African Region 
contributed to over 95% of the increase in cases and 
deaths between 2019 and 2020. The distribution of 
cases by country in 2020 is shown in Fig. 3.3c.

FIG. 3.3.

Trends in a) malaria case incidence (cases per 1000 population at risk) and b) mortality rate (deaths per 
100 000 population at risk), 2000–2020; and c) malaria cases by country in the WHO African Region, 
2020 Source: WHO estimates.
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Cartographie du risque de transmission du 
Paludisme en Afrique

Le programme de cartographie du 
paludisme en Afrique (Atlas du 
risque de la Malaria en Afrique, ou 
« ARMA ») s’est basé sur cet 
indice pour considérer 4 
catégories de transmission :
• classe 1 : pas de transmission ;
• classes 2 et 3 : transmission 

marginale ou épidémique ;
• classe 4 : endémie



Durée de transmission du Paludisme en Afrique



Stratégie technique mondiale de lutte contre le 
paludisme 2016-2030 (OMS)

6    Surveillance, Suivi, et Evaluation des Programmes de Lutte contre le Paludisme : Cours en Ligne 

Figure 4. Les trois piliers de la Stratégie technique mondiale de lutte contre le paludisme 
(OMS)  

 
 
Conformément à ces piliers, RBM a élaboré un document opérationnel comportant des étapes important 
et des objectifs appelés Action et investissement pour vaincre le paludisme 2016–2030 (AIM) 
Toutes ces initiatives sont à l’origine de l’augmentation des efforts consentis à la lutte contre le paludisme 
au cours des 15 dernières années, parmi ces initiatives on peut citer, l’Initiative du président des États-
Unis contre le paludisme (PMI), le Fonds mondial de lutte contre le sida, la tuberculose et le paludisme, la 
Fondation Bill & Melinda Gates et le Banque mondiale, entre autres. 

Interventions pour la Prévention et le Contrôle du Paludisme 

Les efforts de contrôle et de prévention du paludisme portent essentiellement 
sur la réduction du contact entre l’homme et les moustiques, la réduction du 
nombre de personnes infectées, et la réduction de la population de 
moustiques à travers les mesures de lutte anti-vectorielle.  

Les stratégies les plus efficaces utilisées dans le monde sont la lutte 
antivectorielle, la chimioprévention, la gestion des cas et la surveillance du 
paludisme. La lutte antivectorielle empêche les moustiques d’acquérir ou de 
transmettre une infection grâce à l’utilisation des moustiquaires imprégnées 
d’insecticide (MII) ou moustiquaires imprégnées d’insecticide à longue durée 
d’action (MILDA) et la pulvérisation intra-domiciliaire d’insecticides (PID).  

La chimioprévention supprime et prévient les infections chez l’homme à travers le traitement préventif 
intermittent pour les femmes enceintes (TPI) et la chimioprévention saisonnière (CPS). Enfin, la gestion 
des cas, détecte, diagnostique, traite et soigne les infections en utilisant des tests de diagnostic sûrs et 
rapides ainsi que des traitements efficaces et rapides. Etant donné la singularité du contexte de chaque 



Stratégie technique mondiale de lutte contre le 
paludisme 2016-2030 

(OMS; cadre pour l’élimination du Paludisme 2017)

Vision Un monde sans paludisme

Buts Objectifs intermédiaires Cibles

2020 2025 2030

Réduire le taux de mortalité 
au paludisme au plan 
mondial par rapport à 2015

Au moins 40% Au moins 75% Au moins 90%

Réduire l’incidence du 
paludisme au plan mondial 
par rapport à 2015

Au moins 40% Au moins 75% Au moins 90%

Eliminer le paludisme des 
pays où il y’avait une 
transmission en 2015

Au moins 10% Au moins 20 pays Au moins 35 pays

Empêcher la réapparition du 
paludisme dans tous les 
pays exempts

Réapparition évitée Réapparition évitée Réapparition évitée



Acquisition de l’immunité antipalustre en zone 
d’incidence stable (Age)

23es JNI, Bordeaux du 15 au 17/06/2022

Acquisition de l’immunité en zone de paludisme 
stable à P. falciparum 

6
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Modifié de BM Greenwood et al.

•Acquisition lors des premières années de l’enfance de l’immunité contre les formes sévères
•Immunité naturelle contre les formes sévères de paludisme mais pas stérilisante
•L’immunité acquise est principalement dirigée contre le stade sanguin
•Pendant la grossesse, les femmes sont à nouveau à risque
•L’immunité au paludisme gestationnel est acquise en fonction du nombre de grossesses
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Evolution de la morbimortalité 
palustre selon l’immunité de l’hôte
(en Afrique, dans les zones de transmission élevée)

10 15 200

0-6 mois

- Pas de signe clinique
- Parasitémie faible

6 mois – 5 ans

- Risque élevé de formes graves
- Mortalité élevée
- Parasitémie parfois élevée

Mortalité

5 – 15 ans

- Parasitémie maximum vers l’âge de 7 ans
- Symptomatologie moins grave
- Mortalité plus faible Réponse immunitaire

développée
par l’individu

Parasitémie

adultes

- Accès simple
- Fréquence des crises plus faible
- Parasitémie faible

Age (ans)5

Anticorps
maternels

Morbidité

modifié d’après Marsh K. Immunology of human malaria. In: Gilles, H.M., Warrell, D.A. and
Bruce-Chwatt, L.J. eds. Bruce-Chwatt's essential malariology. Arnold, London, 1993 : 60-77.

Profil évolutif et pronostic en fonction de l'Age
Marsh K. Immunology of human malaria. In: Gilles HM, Warrel DA, Bruce-Chwatt, L.J.eds. Bruce-Chwatt’s essential 

malarology. Arnold, London, 1993:60-70



Stratégies de prise en charge du paludisme
• Lu#e an(vectorielle:
• Distribu(on de mous(quaires imprégnés 

d’insec(cide à longue durée d’ac(on;
• Campagnes de pulvérisa(on d’insec(cide à 

effet rémanent à l’ intérieur des habita(ons.
• Chimiprophylaxie chez la femme 

enceinte; chimiopréven(on saisonnière 
et Traitement préven(f intermi#ent chez 
le enfants dans les zones à fortes 
transmission (450 cas ou plus/1000 habitants; 
prévalence parasitaire P Falciparum ou vivax > ou= 
35%);
• Vaccina(on+++
• Prise en charge des cas (Diagnos(c 

précoce et traitement)

• Supports essentiels:
oFormation;
oSupervision;
oApprovisionnement des 

articles essentiels pour la 
lutte contre le paludisme;

oNotification et Surveillance;
oCommunication et 

engagement 
communautaire



Vaccination contre le Paludisme



Cycle du plasmodium 
falciparum



to the repeat region, and a subset of these recognize or cross-
react to an epitope at the junction of N-terminal and repeat
regions. Antibodies to the C-terminal region have been infrequent:
only 4 of 215 monoclonal antibodies derived from PfCSP-specific B
cells after whole sporozoite vaccination bound the C terminal
region specifically25. Although the sieving analysis of the RTS,S
trial indicated differential efficacy against parasites with C terminal
regions that did or did not match the vaccine, the few C-terminal-
specific human mAbs tested failed to show functional activity
in vitro or in vivo in mice after passive transfer against parasites
carrying the homologous CSP sequence25. Functional assessment
of additional C-terminal-reactive human mAbs may be useful to
understand the differential efficacy of RTS,S.

WHOLE SPOROZOITE VACCINES
Despite evidence since the 1970s that WSV confer sterilizing
immunity against sporozoite challenge of humans, WSV were not
pursued as a product owing to the perception that manufacture of
irradiated sporozoites was impractical for a vaccine28. In 2010, the
company Sanaria introduced a platform technology that entails
harvesting PfSPZ from the salivary glands of aseptic mosquitoes
infected by cultured laboratory parasites, followed by purification,
vialing, and cryopreservation in liquid nitrogen vapor phase29.
PfSPZ are attenuated by different approaches to prepare the
vaccine candidate product: radiation attenuation (called PfSPZ

Vaccine), chemoattenuation achieved in vivo by concomitant
administration of antimalarial drugs (called PfSPZ-CVac for
chemoprophylaxis vaccination), or genetic attenuation by deletion
of genes required to complete liver-stage development30 (called
PfSPZ-GA1 for the first genetically attenuated PfSPZ candidate
(NCT03163121))31. PfSPZ Vaccine has required direct venous
inoculation to confer sterile immunity against challenge with
sporozoites32. The logistical and potential cost challenges to
implementing WSV will include (1) liquid nitrogen cold chain, (2)
intravenous inoculation, (3) scale-up of manufacture.
The efficacy of WSV has been demonstrated in humans

although importantly this efficacy is dose-dependent32–34. In
malaria-naive adults, the level and duration of protection from
homologous or heterologous sporozoite challenge depend on
dose and regimen with either PfSPZ Vaccine or PfSPZ-CVac, and
these have achieved high levels of sterile homologous immu-
nity32,33,35–37. Protection against heterologous CHMI and protec-
tion beyond a few months have not yet been studied
systematically. In an area of intense malaria transmission in Mali,
five administrations of PfSPZ Vaccine (2.7 × 105 PfSPZ dosage) to
adult residents reduced the risk of new P. falciparum infection by
52% in time-to-event analysis over the 24 weeks after last dose,
and reduced the proportion infected across the transmission
season by 29%34. The time-to-event efficacy achieved appears
greater than that reported for RTS,S in adults using AS02 or AS01
adjuvants38,39. Additional field efficacy trials of PfSPZ Vaccine with

Fig. 1 Life cycle stages of Plasmodium and vaccine candidates that target each stage. This figure was adapted from a previously published
illustration105 that has been updated to include more recent malaria vaccine candidates. Illustration by Alan Hoofring, Medical Arts Design
Section, NIH.

P.E. Duffy and J. Patrick Gorres
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Published in partnership with the Sealy Center for Vaccine Development npj Vaccines (2020) ���48�



safety signals (Klein et al., 2016) that could not be adequately
assessed in the Phase III trial due to very low mortality in the trial
overall.

One of the most important imperatives for future improve-
ments to RTS,S/AS01, and all next-generation malaria vaccines,
is to extend the period of protection, which will require further
understanding the mechanisms of vaccine-induced efficacy.
While a definitive immune mechanism remains to be determined
for RTS,S/AS01, the existing data strongly suggest that high
antibody concentrations against the NANP amino acid repeats
are closely associated with protection, and waning of such re-
sponses is likely to be responsible for decreasing efficacy (White
et al., 2015). A direct mechanistic link between a monoclonal
antibody (mAb) against the NANP epitope (isolated from a sub-
ject immunized with RTS,S [Oyen et al., 2017]) and protection
will be tested soon following passive transfer and controlled
human malaria infection (CHMI) (Figure 2). RTS,S also contains
the C-terminal region of PfCSP; however, the role of antibody re-
sponses to this region remains unclear as a recent study showed
that a number of such mAbs, obtained from a human subject
immunized with sporozoites, are not protective in a mouse
model (Scally et al., 2018). In addition to antibody, CD4+ T cell re-
sponses have been suggested to have some role in protection
(Kazmin et al., 2017). In some support of this, the C terminus of

PfCSP, present in RTS,S, contains two well-defined CD4+

T cell epitopes, and a genetic analysis of the Phase III trial indi-
cates a significant sieving effect with modestly lower efficacy
for C-terminal sequence unmatched strains (Neafsey et al.,
2015). However, a definitive immune mechanism for this effect
remains to be determined, and for now the major limitation of
RTS,S appears to be maintaining the high antibody levels.
It therefore seems critical for future PfCSP-based subunit vac-

cines to take into account the parameters of vaccine-induced
antibody concentration decay. RTS,S is administered with the
adjuvant AS01—the leading formulation for induction of high
antibody concentrations in humans. Peak polyclonal anti-
NANP serum IgG responses after the final immunization aver-
aged !150 mg/mL in malaria-naive adults (Kester et al., 2009),
and in the Phase III trial antibody levels declined sharply with
initial half-life of !40 days followed by a period of slower decline
of !600 days (White et al., 2015). The requirement for such high
and sustained antibody concentrations to mediate durable
protection poses a substantial challenge. The impact of novel
adjuvants and vaccine delivery platforms may help to provide a
solution in the future, especially if they can be demonstrated to
skew immune responses toward improved induction of long-
lived plasma cells. Antibody decay parameters for an HIV enve-
lope protein delivered with eight different clinical adjuvants have

Figure 1. Malaria Vaccine Candidates in Clinical Development
Data sources for this figure included the WHO Malaria Vaccine Rainbow Table and Clinicaltrials.gov. Vaccines for P. vivax are colored blue. The life cycle figure
was adapted from Nilsson et al. (2015).
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Différents types de vaccins

• Pré-Erythrocytaire: blocage de l’infection hépatocytaire par 
les sporozites;

• Phase sanguine: blocage de l’invasion des globules rouges par 
les mérozoites;

• Phase sexuelle: blocage du développement sexuel chez le 
moustique et de la transmission.



Vaccin de la phase pré-Erythrocytaire

23es JNI, Bordeaux du 15 au 17/06/2022

Vaccins contre le stade pré-érythrocytaire

9

Anticorps

CD4+ CD8+
IFN-g

Stade pré-érythrocytaire: Prévenir l’infection à l’homme
et protéger contre les formes sévères de paludisme

• Les Anticorps contre les sporozoites peuvent bloquer
l’invasion des hépatocytes

• Les Lymphocytes T participent à la clairance des 
parasites intrahépatique via la secretion d’IFN-g ou par 
cytotoxicité directe (CD8+)



Protéine circumsporozoïte (CSP)

• Protéine circumsporozoïte (CSP): 
protéine sécrétée par les 
parasites du genre Plasmodium,au
stade de sporozoïte. 

• Protéine la plus abondante à la 
surface des sporozoïtes de 
Plasmodium Falciparum est 
cons(tuée de 397 résidus d’Acides 
Aminés

https://fr.wikipedia.org/wiki/Genre_(biologie)
https://fr.wikipedia.org/wiki/Plasmodium
https://fr.wikipedia.org/wiki/Sporozo%C3%AFte


Protéine circumsporozoïte (CSP)

Analyse génétique de CSP de plusieurs 
espèces de Plasmodium: structure très 
conservée constituée d'une région 
centrale formée de répétitions 
spécifiques aux espèces entourée par 
une région I côté N-terminal contenant 
une séquence conservée de cinq 
résidus, et par une région II côté C 
Terminal contenant un motif conservé 
d’ adhérence cellulaire.



Protéine circumsporozoïte (CSP)

• La CSP intervient également dans la 
liaison du parasite aux 
hépatocytes de l’ hôte. 
• La région I et les répétition du 

domaine central facilitent cette 
liaison. Le clivage protéolytique au 
niveau de la région I et de 
l'extrémité N-terminale expose le 
domaine d'adhérence du domaine C-
terminal, ce qui déclenche l'invasion 
du foie par le parasite



Le vaccin antipalustre RTS’S/AS01

23es JNI, Bordeaux du 15 au 17/06/2022

Historique du RTS,S (Mosquirix) 

11

1998 : Phase II en Gambie, impliquant 250 hommes:  le vaccin prévient 34% des infections
1997 : le vaccin protège à 85% des volontaires (6/7) ayant été infectés avec des sporozoïtes



Le vaccin antipalustre RTS’S/AS01

• Nommé RTS parce qu'il a été conçu à l'aide de gènes provenant de la répéMMon 
(« R ») et de l'épitope des cellules T (« T ») du pré- la protéine circumsporozoite 
érythrocytaire (CSP) du parasite du paludisme Plasmodium falciparum avec   un 
anMgène de surface virale ('S') du virus de l'hépaMte B ( HBsAg ).  CeUe protéine 
a ensuite été mélangée avec un HBsAg supplémentaire pour améliorer la 
purificaMon, d'où le "S" supplémentaire.  
• Ensemble, ces deux composants protéiques s'assemblent en 

parMcules solubles similaires à l'enveloppe externe d'un virus de l'hépaMte B.  
• Un adjuvant chimique (AS01, spécifiquement AS01E) a été ajouté pour 

augmenter la réponse du système immunitaire.  L'infecMon est prévenue en 
induisant une immunité humorale et cellulaire , avec des Mtres 
d' anMcorps élevés , qui empêchent le parasite d'infecter le foie.  

https://wikipredia.net/fr/Circumsporozoite_protein
https://wikipredia.net/fr/Plasmodium_falciparum
https://wikipredia.net/fr/HBsAg
https://wikipredia.net/fr/Adjuvant
https://wikipredia.net/fr/Humoral_immunity
https://wikipredia.net/fr/Cellular_immunity
https://wikipredia.net/fr/Titer
https://wikipredia.net/fr/Titer
https://wikipredia.net/fr/Titer
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RTS,S (Mosquirix)

10

PfCSP

Protéine recombinante (Saccharomyces cerevisiae) adjuvantée: 
Protéine de surface du sporozoïte combinée à l’AgHBs

RTS,S (WRAIR + GSK): PfCSP-HBsAg + HBsAg/AS01
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Background
An ongoing phase 3 study of the efficacy, safety, and immunogenicity of candidate 
malaria vaccine RTS,S/AS01 is being conducted in seven African countries. 

Methods
From March 2009 through January 2011, we enrolled 15,460 children in two age 
categories — 6 to 12 weeks of age and 5 to 17 months of age — for vaccination with 
either RTS,S/AS01 or a non-malaria comparator vaccine. The primary end point of 
the analysis was vaccine efficacy against clinical malaria during the 12 months 
after vaccination in the first 6000 children 5 to 17 months of age at enrollment who 
received all three doses of vaccine according to protocol. After 250 children had an 
episode of severe malaria, we evaluated vaccine efficacy against severe malaria in 
both age categories.

Results
In the 14 months after the first dose of vaccine, the incidence of first episodes of 
clinical malaria in the first 6000 children in the older age category was 0.32 epi-
sodes per person-year in the RTS,S/AS01 group and 0.55 episodes per person-year 
in the control group, for an efficacy of 50.4% (95% confidence interval [CI], 45.8 to 
54.6) in the intention-to-treat population and 55.8% (97.5% CI, 50.6 to 60.4) in the 
per-protocol population. Vaccine efficacy against severe malaria was 45.1% (95% CI, 
23.8 to 60.5) in the intention-to-treat population and 47.3% (95% CI, 22.4 to 64.2) 
in the per-protocol population. Vaccine efficacy against severe malaria in the com-
bined age categories was 34.8% (95% CI, 16.2 to 49.2) in the per-protocol popula-
tion during an average follow-up of 11 months. Serious adverse events occurred with 
a similar frequency in the two study groups. Among children in the older age cat-
egory, the rate of generalized convulsive seizures after RTS,S/AS01 vaccination was 
1.04 per 1000 doses (95% CI, 0.62 to 1.64).

Conclusions
The RTS,S/AS01 vaccine provided protection against both clinical and severe ma-
laria in African children. (Funded by GlaxoSmithKline Biologicals and the PATH 
Malaria Vaccine Initiative; RTS,S ClinicalTrials.gov number, NCT00866619.)
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• This randomized, controlled, double-
blind trial was designed to evaluate
vaccine efficacy, safety, reactogenicity, 
and immunogenicity in children up to 
32 months after the administration of 
the first dose of vaccine. 
• The trial included two age categories: 

children 6 to 12 weeks of age and those
5 to 17 months of age at enrollment. 
• The trial included three (3)  study

groups in each age category: children
who received all three doses of the 
RTS,S/AS01 vaccine administered at 1 
month intervals and who were
scheduled to receive a booster dose 18 
months after the third dose, children
who received the RTS,S/AS01 primary
vaccination series without a booster, 
and a control group who received a 
non-malaria comparator vaccine. 

Groupe 1: RTS’S, 3 doses à 1 mois d’intervalle sans 
rappel;

Groupe 2: RTS’S 3 doses à 1 mois d’intervalle avec 
rappel à 18 mois;

Groupe 3: Contrôle recevant un vaccin non palustre
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95% CI, 16.7 to 18.6) in the RTS,S/AS01 group 
and in 642 of 2974 children (21.6%; 95% CI, 20.1 
to 23.1) in the control group (Table 3). In the young-
er age category, the corresponding rates were 569 
of 4358 children (13.1%; 95% CI, 12.1 to 14.1) in 
the RTS,S/AS01 group and in 293 of 2179 children 
(13.4%; 95% CI, 12.0 to 15.0) in the control group 
(Table 3).

Similar proportions of children died in each 
study group. In the older age category, 56 of 5949 
children (0.9%; 95% CI, 0.7 to 1.2) died in the 
RTS,S/AS01 group and 28 of 2974 children (0.9%; 
95% CI, 0.6 to 1.4) in the control group; in the 
younger age category, 49 of 4358 children (1.1%; 
95% CI, 0.8 to 1.5) died in the RTS,S/AS01 group 
and 18 of 2179 children (0.8%; 95% CI, 0.5 to 1.3) 

1150 Were excluded
543 Did not meet eligibility criteria

79 Withdrew consent
71 Migrated or were lost to follow-up

188 Had other reasons
269 Were enrolled in trial, but not in 

first 6000 children

259 Did not complete
vaccination and
were excluded
7 Died, had medical

withdrawal, or
were unwell

80 Withdrew consent 
or declined to
participate

121 Migrated or were
lost to follow-up

51 Had other reasons

908 Were excluded from
per-protocol analysis 

569 Had temperature
deviation in vaccine

7 Did not meet
inclusion criteria

299 Were out of interval
for dose regimen

19 Had no follow-up
data after dose 3

14 Had other reasons

442 Were excluded from
per-protocol analysis

301 Had temperature
deviation in vaccine

5 Did not meet
inclusion criteria

121 Were out of interval
for dose regimen

13 Had no follow-up
data after dose 3

2 Had other reasons

438 Did not com-
plete 14-mo
visit

32 Died
21 Withdrew

consent
382 Migrated or

were lost to
follow-up

3 Had other
reasons

193 Did not com-
plete 14-mo
visit

15 Died
15 Withdrew

consent
163 Migrated or

were lost to
follow-up

95 Did not complete
vaccination and
were excluded

3 Died, had medical
withdrawal, or
were unwell

32 Withdrew consent 
or declined to
participate

45 Migrated or were
lost to follow-up

15 Had other reasons

3997 Received dose 1
of RTS,S/AS01

(ITT population)

2003 Received dose 1
of control vaccine
(ITT population)

6000 Underwent randomization
and received study vaccine

7150 Children were assessed for eligibility

3864 Received dose 2 1952 Received dose 2

3738 Received dose 3 1908 Received dose 3

2830 Were included
in the per-protocol

population

1466 Were included
in the per-protocol

population

3300 Attended 14-mo
follow-up

(12 mo after dose 3)

1715 Attended 14-mo
follow-up

(12 mo after dose 3)

Figure 1. Enrollment of First 6000 Children in Older Age Category (5–17 Months).

AE denotes adverse event, ITT intention to treat, and SAE serious adverse event.
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in the control group. Of the 151 children who died, 
78 (52%) died in the hospital after a thorough 
medical assessment was made; 9% of deaths oc-
curred at a health facility before completion of a full 
medical assessment, and 39% occurred in the com-
munity. Causes of death were similar in the two 
groups (Table 11 in the Supplementary Appendix). 
Ten children died with a diagnosis of malaria, 
which was confirmed on blood smear in 7 children.

At least one serious adverse event that was con-
sidered to be related to a study vaccine occurred 
in 11 children in the older age category: 10 of 
5949 children in the RTS,S/AS01 group reported 
12 events (7 seizures, 3 episodes of pyrexia, 1 epi-
sode of myositis, and 1 injection-site reaction) and 
1 of 2974 children in the control group reported 
1 event (seizure). In the younger age category, seri-
ous adverse events that were considered to be re-

1798 Were excluded
1165 Did not meet eligibility criteria

2 Died
186 Withdrew consent
174 Migrated or were lost to

follow-up
271 Had other reasons

562 Did not complete vaccination and
were excluded
3 Had medical withdrawal owing to 

SAE or related AE
25 Died
8 Were withdrawn for unrelated SAE
5 Were unwell

85 Withdrew consent
249 Migrated or were lost to follow-up
14 Did not meet inclusion criteria
37 Received EPI vaccine
71 Declined to participate
38 Were out of interval for dose

regimen
27 Had other reasons

1148 Were excluded from per-protocol
analysis 

569 Had temperature deviation
       in vaccine
18 Did not meet inclusion criteria

536 Were out of interval for dose
regimen

6 Had no follow-up data after dose 3
19 Had other reasons

214 Did not complete vaccination and
were excluded

1 Had medical withdrawal owing to 
SAE or related AE

7 Died
4 Were withdrawn for unrelated SAE
3 Were unwell

41 Withdrew consent
99 Migrated or were lost to follow-up
7 Did not meet inclusion criteria

13 Received EPI vaccine
19 Declined to participate
12 Were out of interval for dose

regimen
8 Had other reasons

575 Were excluded from per-protocol
analysis 

302 Had temperature deviation
       in vaccine
14 Did not meet inclusion criteria

248 Were out of interval for dose
regimen

5 Had no follow-up data after dose 3
6 Had other reasons

10,307 Received dose 1
of RTS,S/AS01

(ITT population)

5153 Received dose 1
of control vaccine
(ITT population)

15,460 Underwent randomization
and received study vaccine

17,258 Children were assessed for eligibility

9990 Received dose 2 5039 Received dose 2

9745 Received dose 3 4939 Received dose 3

8597 Were included
in the per-protocol

population

4364 Were included
in the per-protocol

population

Figure 2. Enrollment of All Children through May 31, 2011, or Receipt of Booster Dose.

AE denotes adverse event, EPI Expanded Program on Immunization, ITT intention to treat, and SAE serious adverse event.
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Table 1. Efficacy of the RTS,S/AS01 Vaccine against Clinical Malaria in Children Enrolled at 5 to 17 Months of Age.

Clinical Malaria RTS,S/AS01 Vaccine Control Vaccine Protective Efficacy
Protective Efficacy 

 Adjusted for Covariates*

No. of Events Person-Yr Event Rate No. of Events Person-Yr Event Rate % (CI)† P Value % (95% CI) P Value

Per-protocol population  
(12 mo after third dose of vaccine)

First or only episode

>5000 parasites/mm3 and temperature 
≥37.5°C (coprimary end point)

932 2144 0.435 752 903 0.833 55.8  
(50.6–60.4)

<0.001 55.8  
(51.3–59.8)

<0.001

>0 parasites/mm3 and measured or 
 reported fever

1210 1963 0.616 883 798 1.107 54.2  
(50.0–58.0)

<0.001 54.1  
(49.9–57.9)

<0.001

>500 parasites/mm3 and temperature 
≥37.5°C

1030 2088 0.493 789 874 0.903 53.9  
(49.4–58.0)

<0.001 53.9  
(49.3–58.0)

<0.001

>20,000 parasites/mm3 and temperature 
≥37.5°C

838 2196 0.382 686 947 0.724 55.1  
(50.3–59.5)

<0.001 55.0  
(50.2–59.4)

<0.001

All episodes

>5000 parasites/mm3 and temperature 
≥37.5°C

1834 2495 0.735 1854 1263 1.468 55.1  
(50.5–59.3)

<0.001 55.1  
(50.5–59.2)

<0.001

Intention-to-treat population  
(14 mo after first dose of vaccine)

First or only episode

>5000 parasites/mm3 and temperature 
≥37.5°C

1155 3633 0.318 879 1588 0.554 50.4 
(45.8–54.6)

<0.001

All episodes

>5000 parasites/mm3 and temperature 
≥37.5°C

2343 4243 0.552 2289 2110 1.085 53.9  
(49.6–57.8)

<0.001

* In the adjusted analyses, data were stratified according to study site with adjustment for age at the time of administration of the first dose of vaccine and the distance to the nearest 
outpatient health facility.

† All end points are presented with 95% confidence intervals except for the primary efficacy end point, which is presented with 97.5% confidence intervals. The primary efficacy end point 
is defined as vaccine efficacy against a first or only episode of clinical malaria, according to the primary case definition: an illness in a child brought to a study facility with a tempera-
ture of 37.5°C or more and Plasmodium falciparum asexual parasitemia (>5000 parasites per cubic millimeter) or a case of malaria meeting the primary case definition of severe malaria.
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Table 2. Efficacy of the RTS,S/AS01 Vaccine against Severe Malaria in Children Enrolled at 5 to 17 Months of Age and in Pooled Age Categories.*

Severe Malaria RTS,S/AS01 Vaccine Control Vaccine  Protective Efficacy

No. of Children No. Affected Affected Rate No. of Children No. Affected Affected Rate % (95% CI) P Value

% %

Older age category (5–17 mo)

Per-protocol analysis (12 mo after 
third dose of vaccine)

Primary case definition 2830 57 2.0 1466 56 3.8 47.3 (22.4–64.2) <0.001

Secondary case definition 2830 74 2.6 1466 72 4.9 46.8 (25.3–62.0) <0.001

Intention-to-treat analysis (14 mo 
 after first dose of vaccine)

Primary case definition 3997 81 2.0 2003 74 3.7 45.1 (23.8–60.5) <0.001

Secondary case definition 3997 102 2.6 2003 92 4.6 44.4 (25.5–58.5) <0.001

Pooled age categories (6 wk–17 mo)

Per-protocol analysis (mean of 
11 mo after third dose of 
 vaccine, up to 22 mo)

Primary case definition 8597 149 1.7 4364 116 2.7 34.8 (16.2–49.2) <0.001

Secondary case definition 8597 177 2.1 4364 140 3.2 35.8 (19.3–48.9) <0.001

Intention-to-treat analysis (mean of 
14 mo after first dose of 
 vaccine, up to 24 mo)

Primary case definition 10,307 198 1.9 5153 144 2.8 31.3 (14.2–44.8) <0.001

Secondary case definition 10,307 233 2.3 5153 173 3.4 32.7 (17.5–44.9) <0.001

* The primary case definition of severe malaria is Plasmodium falciparum asexual parasitemia (>5000 parasites per cubic millimeter) with one or more markers of disease severity and 
without a diagnosis of a coexisting illness. The secondary case definition of severe malaria is P. falciparum asexual parasitemia with one or more markers of disease severity, including 
cases in which a coexisting illness was present or could not be ruled out. Markers of severe disease were prostration, respiratory distress, a Blantyre coma score of 2 or less (on a scale of 
0 to 5, with higher scores indicating a higher level of consciousness), two or more observed or reported seizures, hypoglycemia, acidosis, elevated lactate level, or hemoglobin level of 
less than 5 g per deciliter. Coexisting illnesses were defined as radiographically proven pneumonia, meningitis on analysis of cerebrospinal fluid, bacteremia, or gastroenteritis with se-
vere dehydration.
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lated to a study vaccine occurred in 6 children: 3 of 
4358 children in the RTS,S/AS01 group reported 
3 events (1 injection-site reaction, 1 episode of py-
rexia, and 1 episode of febrile convulsion), and 
3 of 2179 children in the control group reported 
3 events (2 episodes of pyrexia and 1 episode of 
anaphylaxis). All children who had seizures that 
were deemed to be related to a study vaccine recov-
ered from the acute event; epilepsy subsequently 
developed in 1 child.

Meningitis was reported more frequently in 
the RTS,S/AS01 group than in the control group, 
with 11 of 5949 children versus 1 of 2974 children 
in the older age category and 8 of 4358 children 
versus 1 of 2179 children in the younger age 
category, for a relative risk of 5.5 (95% CI, 0.7 to 
42.6) in the older age category and 4.0 (95% CI, 
0.5, 32.0) in the younger age category. Laboratory 
diagnosis of meningitis, indicated by culture or 
elevated white-cell count in cerebrospinal fluid, 
was made in half these cases. There was no ap-
parent temporal relationship to vaccination or 
clustering according to center.

Seizure within 7 Days after Vaccination
In the older age category, the incidence of gener-
alized convulsive seizure within 7 days after vac-
cination (according to the Brighton Collaboration 
diagnostic certainty level of 1 to 3) was 1.04 per 
1000 doses in the RTS,S/AS01 group (95% CI, 
0.62 to 1.64) and 0.57 per 1000 doses in the con-
trol group receiving rabies vaccine (95% CI, 0.19 
to 1.34), for a risk ratio of 1.8 (95% CI, 0.6 to 4.9). 
All seizures occurred in children with a history 
of fever; 23 occurred within 7 days after vaccina-
tion, and of those, 12 of 18 seizures occurred 
within 3 days after vaccination in the RTS,S/AS01 
group and 2 of 5 seizures in the control group. In 
the younger age category, the incidence of gener-
alized convulsive seizures within 7 days after vac-
cination was 0.16 per 1000 doses in the RTS,S/AS01 
group (95% CI, 0.02 to 0.57) and 0.47 per 1000 dos-
es in the control group receiving meningococcal 
vaccine (95% CI, 0.10 to 1.37), for a risk ratio of 0.3 
(95% CI, 0.1 to 2.0).

Adverse Events
Unsolicited reports of adverse events that oc-
curred within 30 days after each vaccination were 
reported with similar frequency in the two study 
groups (Table 12 in the Supplementary Appen-
dix). (The frequencies of solicited reports of 

symptoms in the intention-to-treat population 
are shown in Table 13 and Figure 3 in the Supple-
mentary Appendix.) The most frequently reported 
symptoms were pain and fever. Overall, RTS,S/
AS01 vaccine was more reactogenic than was ra-
bies vaccine, but grade 3 symptoms occurred in-
frequently.
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Figure 3. Cumulative Incidence of First or Only Episodes of Clinical Malaria 
(Primary Case Definition) in the Older Age Category.

The cumulative incidence of the primary case definition in children 5 to  
17 months of age at enrollment is shown during 12 months of follow-up 
 after the administration of the third dose of vaccine in the per-protocol 
population (Panel A) and during 14 months of follow-up after the admin-
istration of the first dose of vaccine in the intention-to-treat population 
(Panel B).
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lated to a study vaccine occurred in 6 children: 3 of 
4358 children in the RTS,S/AS01 group reported 
3 events (1 injection-site reaction, 1 episode of py-
rexia, and 1 episode of febrile convulsion), and 
3 of 2179 children in the control group reported 
3 events (2 episodes of pyrexia and 1 episode of 
anaphylaxis). All children who had seizures that 
were deemed to be related to a study vaccine recov-
ered from the acute event; epilepsy subsequently 
developed in 1 child.

Meningitis was reported more frequently in 
the RTS,S/AS01 group than in the control group, 
with 11 of 5949 children versus 1 of 2974 children 
in the older age category and 8 of 4358 children 
versus 1 of 2179 children in the younger age 
category, for a relative risk of 5.5 (95% CI, 0.7 to 
42.6) in the older age category and 4.0 (95% CI, 
0.5, 32.0) in the younger age category. Laboratory 
diagnosis of meningitis, indicated by culture or 
elevated white-cell count in cerebrospinal fluid, 
was made in half these cases. There was no ap-
parent temporal relationship to vaccination or 
clustering according to center.

Seizure within 7 Days after Vaccination
In the older age category, the incidence of gener-
alized convulsive seizure within 7 days after vac-
cination (according to the Brighton Collaboration 
diagnostic certainty level of 1 to 3) was 1.04 per 
1000 doses in the RTS,S/AS01 group (95% CI, 
0.62 to 1.64) and 0.57 per 1000 doses in the con-
trol group receiving rabies vaccine (95% CI, 0.19 
to 1.34), for a risk ratio of 1.8 (95% CI, 0.6 to 4.9). 
All seizures occurred in children with a history 
of fever; 23 occurred within 7 days after vaccina-
tion, and of those, 12 of 18 seizures occurred 
within 3 days after vaccination in the RTS,S/AS01 
group and 2 of 5 seizures in the control group. In 
the younger age category, the incidence of gener-
alized convulsive seizures within 7 days after vac-
cination was 0.16 per 1000 doses in the RTS,S/AS01 
group (95% CI, 0.02 to 0.57) and 0.47 per 1000 dos-
es in the control group receiving meningococcal 
vaccine (95% CI, 0.10 to 1.37), for a risk ratio of 0.3 
(95% CI, 0.1 to 2.0).

Adverse Events
Unsolicited reports of adverse events that oc-
curred within 30 days after each vaccination were 
reported with similar frequency in the two study 
groups (Table 12 in the Supplementary Appen-
dix). (The frequencies of solicited reports of 

symptoms in the intention-to-treat population 
are shown in Table 13 and Figure 3 in the Supple-
mentary Appendix.) The most frequently reported 
symptoms were pain and fever. Overall, RTS,S/
AS01 vaccine was more reactogenic than was ra-
bies vaccine, but grade 3 symptoms occurred in-
frequently.
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Figure 3. Cumulative Incidence of First or Only Episodes of Clinical Malaria 
(Primary Case Definition) in the Older Age Category.

The cumulative incidence of the primary case definition in children 5 to  
17 months of age at enrollment is shown during 12 months of follow-up 
 after the administration of the third dose of vaccine in the per-protocol 
population (Panel A) and during 14 months of follow-up after the admin-
istration of the first dose of vaccine in the intention-to-treat population 
(Panel B).

The New England Journal of Medicine 
Downloaded from nejm.org on May 16, 2022. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 

RTS,S/AS01 Malaria Vaccine in African Children

n engl j med 365;20 nejm.org november 17, 2011 1871

lated to a study vaccine occurred in 6 children: 3 of 
4358 children in the RTS,S/AS01 group reported 
3 events (1 injection-site reaction, 1 episode of py-
rexia, and 1 episode of febrile convulsion), and 
3 of 2179 children in the control group reported 
3 events (2 episodes of pyrexia and 1 episode of 
anaphylaxis). All children who had seizures that 
were deemed to be related to a study vaccine recov-
ered from the acute event; epilepsy subsequently 
developed in 1 child.

Meningitis was reported more frequently in 
the RTS,S/AS01 group than in the control group, 
with 11 of 5949 children versus 1 of 2974 children 
in the older age category and 8 of 4358 children 
versus 1 of 2179 children in the younger age 
category, for a relative risk of 5.5 (95% CI, 0.7 to 
42.6) in the older age category and 4.0 (95% CI, 
0.5, 32.0) in the younger age category. Laboratory 
diagnosis of meningitis, indicated by culture or 
elevated white-cell count in cerebrospinal fluid, 
was made in half these cases. There was no ap-
parent temporal relationship to vaccination or 
clustering according to center.

Seizure within 7 Days after Vaccination
In the older age category, the incidence of gener-
alized convulsive seizure within 7 days after vac-
cination (according to the Brighton Collaboration 
diagnostic certainty level of 1 to 3) was 1.04 per 
1000 doses in the RTS,S/AS01 group (95% CI, 
0.62 to 1.64) and 0.57 per 1000 doses in the con-
trol group receiving rabies vaccine (95% CI, 0.19 
to 1.34), for a risk ratio of 1.8 (95% CI, 0.6 to 4.9). 
All seizures occurred in children with a history 
of fever; 23 occurred within 7 days after vaccina-
tion, and of those, 12 of 18 seizures occurred 
within 3 days after vaccination in the RTS,S/AS01 
group and 2 of 5 seizures in the control group. In 
the younger age category, the incidence of gener-
alized convulsive seizures within 7 days after vac-
cination was 0.16 per 1000 doses in the RTS,S/AS01 
group (95% CI, 0.02 to 0.57) and 0.47 per 1000 dos-
es in the control group receiving meningococcal 
vaccine (95% CI, 0.10 to 1.37), for a risk ratio of 0.3 
(95% CI, 0.1 to 2.0).

Adverse Events
Unsolicited reports of adverse events that oc-
curred within 30 days after each vaccination were 
reported with similar frequency in the two study 
groups (Table 12 in the Supplementary Appen-
dix). (The frequencies of solicited reports of 

symptoms in the intention-to-treat population 
are shown in Table 13 and Figure 3 in the Supple-
mentary Appendix.) The most frequently reported 
symptoms were pain and fever. Overall, RTS,S/
AS01 vaccine was more reactogenic than was ra-
bies vaccine, but grade 3 symptoms occurred in-
frequently.
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Figure 3. Cumulative Incidence of First or Only Episodes of Clinical Malaria 
(Primary Case Definition) in the Older Age Category.

The cumulative incidence of the primary case definition in children 5 to  
17 months of age at enrollment is shown during 12 months of follow-up 
 after the administration of the third dose of vaccine in the per-protocol 
population (Panel A) and during 14 months of follow-up after the admin-
istration of the first dose of vaccine in the intention-to-treat population 
(Panel B).
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Immunogenicity

The geometric mean titer of anti–circumsporo-
zoite antibody at enrollment was low in the two 
study groups and remained low in the control 

group (Table 14 and Fig. 4 in the Supplementary 
Appendix). One month after the administration 
of the third dose of a study vaccine, 99.9% of 
children in the RTS,S/AS01 group were positive 

Table 3. Serious Adverse Events after the First Dose of a Study Vaccine in the Intention-to-Treat Population, According to Age Category.*

Serious Adverse Event 5–17 Mo 6–12 Wk

RTS,S/AS01 Vaccine 
(N = 5949)

Rabies Vaccine 
(N = 2974)

RTS,S/AS01 Vaccine
(N = 4358)

Meningococcal Vaccine 
(N = 2179)

no. of  
children

%  
(95% CI)

no. of  
children

%  
(95% CI)

no. of  
children

%  
(95% CI)

no. of  
children

%  
(95% CI)

All children

At least one serious adverse 
event

1048 17.6 (16.7–18.6) 642 21.6 (20.1–23.1) 569 13.1 (12.1–14.1) 293 13.4 (12.0–15.0)

At least one serious adverse 
event excluding malaria

990 16.6 (15.7–17.6) 600 20.2 (18.7–21.7) 554 12.7 (11.7–13.7) 286 13.1 (11.7–14.6)

At least one fatal serious 
 adverse event†

56 0.9 (0.7–1.2) 28 0.9 (0.6–1.4) 49 1.1 (0.8–1.5) 18 0.8 (0.5–1.3)

At least one serious adverse 
event related to vaccine

10 0.2 (0.1–0.3) 1 0.0 (0.0–0.2) 3 0.1 (0.0–0.2) 3 0.1 (0.0–0.4)

At least one serious adverse 
event within 30 days after 
vaccination

310 5.2 (4.7–5.8) 181 6.1 (5.3–7.0) 191 4.4. (3.8–5.0) 96 4.4 (3.6–5.4)

Incidence in ≥0.5% of children‡

Anemia 182 3.1 (2.6–3.5) 149 5.0 (4.3–5.9) 58 1.3 (1.0–1.7) 39 1.8 (1.3–2.4)

Bronchiolitis 35 0.6 (0.4–0.8) 18 0.6 (0.4–1.0) 26 0.6 (0.4–0.9) 17 0.8 (0.5–1.2)

Bronchitis 24 0.4 (0.3–0.6) 17 0.6 (0.3–0.9) NA NA NA NA

Bronchopneumonia 54 0.9 (0.7–1.2) 37 1.2 (0.9–1.7) 28 0.6 (0.4–0.9) 16 0.7 (0.4–1.2)

Gastroenteritis 263 4.4 (3.9–5.0) 160 5.4 (4.6–6.3) 194 4.5 (3.9–5.1) 93 4.3 (3.5–5.2)

HIV infection 37 0.6 (0.4–0.9) 19 0.6 (0.4–1.0) 23 0.5 (0.3–0.8) 6 0.3 (0.1–0.6)

Malaria 383 6.4 (5.8–7.1) 297 10.0 (8.9–11.1) 116 2.7 (2.2–3.2) 74 3.4 (2.7–4.2)

Otitis media 25 0.4 (0.3–0.6) 17 0.6 (0.3–0.9) NA NA NA NA

Pneumonia 337 5.7 (5.1–6.3) 176 5.9 (5.1–6.8) 224 5.1 (4.5–5.8) 102 4.7 (3.8–5.7)

Salmonella sepsis 41 0.7 (0.5–0.9) 23 0.8 (0.5–1.2) 16 0.4 (0.2–0.6) 10 0.5 (0.2–0.8)

Sepsis 48 0.8 (0.6–1.1) 35 1.2 (0.8–1.6) 23 0.5 (0.3–0.8) 8 0.4 (0.2–0.7)

Upper respiratory tract 
 infection

55 0.9 (0.7–1.2) 37 1.2 (0.9–1.7) 21 0.5 (0.3–0.7) 11 0.5 (0.3–0.9)

Urinary tract infection 36 0.6 (0.4–0.8) 21 0.7 (0.4–1.1) NA NA NA NA

Hypoglycemia 12 0.2 (0.1–0.4) 18 0.6 (0.4–1.0) NA NA NA NA

Kwashiorkor 12 0.2 (0.1–0.4) 16 0.5 (0.3–0.9) NA NA NA NA

Malnutrition 49 0.8 (0.6–1.1) 19 0.6 (0.4–1.0) NA NA NA NA

Convulsion 55 0.9 (0.7–1.2) 37 1.2 (0.9–1.7) 24 0.6 (0.4–0.8) 15 0.7 (0.4–1.1)

Febrile convulsion 211 3.5 (3.1–4.0) 106 3.6 (2.9–4.3) 48 1.1 (0.8–1.5) 25 1.1 (0.7–1.7)

* The average follow-up was 18 months (up to 24 months) in the older age category (5 to 17 months) and 9 months (up to 17 months) in the younger 
age category (6 to 12 weeks). HIV denotes human immunodeficiency virus, and NA not applicable (because the incidence was less than 0.5%).

† More than one fatal serious adverse event could be attributed to a single child if there was more than one underlying cause of death (e.g., 
meningitis and sepsis).

‡ Events are listed according to the preferred terms in the Medical Dictionary for Regulatory Activities.
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A Phase 3 Trial RTS’S/AS01 Malaria vaccine in 
African infants.

• Essai clinique phase 3, randomisé, 
contrôlé et en double aveugle;
•  11 centres de 7 pays africains avec 

une gamme d'intensité de 
transmission du paludisme.
• Evaluation l'efficacité, l'innocuité et 

l’ immunogénicité du vaccin 
pendant 32 mois après la première 
dose du vaccin à l'étude chez les 
enfants âgés de 6 à 12 semaines ou 
de 5 à 17 mois au moment de 
l'inscription. 

• Trois groupes d'étude dans chaque 
catégorie d'âge : les nourrissons qui 
ont reçu trois doses de RTS,S/AS01
• Administration à 1 mois d'intervalle 

et une dose de rappel 18 mois 
après la troisième dose, des 
nourrissons ayant reçu trois doses 
de RTS,S/AS01 à 1 mois d'intervalle 
sans dose de rappel, et un groupe 
témoin de nourrissons ayant reçu 
une dose non -vaccin de 
comparaison contre le paludisme.

The RTS’S Clinical trial Partnersship. N Engl J Med 2012;367:2284-95. DOI: 10.1056/NEJMoa1208394 



Sites ayant par&cipé à l’ essai vaccinal Phase III

 

 
 
Figure 1. Sites d’étude et endémie du paludisme. Adaptée de Hay et al. [34]. La localisation de 
chaque site participant est indiquée sur cette carte précédemment publiée montrant la 
répartition endémique du paludisme à P.falciparum (Pf). Les données sont des estimations 
basées sur un modèle géostatistique de la moyenne annuelle du taux de parasite (PR) 
P.falciparum standardisé pour l’âge 2-10 ans pour 2007 endéans les limites spatiales stable de 
transmission du paludisme à P.falciparum, indiquée en dégradé de jaune (0%) à rouge (100%) 
(voir légende de la carte). Le reste du pays a été défini comme à risque instable (gris moyen) ou 
sans risque (gris clair). Nanoro, Burkina Faso, a une transmission saisonnière du paludisme 
élevée. 
Version originale (haute résolution), doi:10.1371/journal.pmed.1001685.g001



 
 
Figure 2: Diagramme CONSORT des enfants âgés de 5-17 mois à l’enrôlement et suivis jusqu’à 
18 mois post-vaccination. aUn enfant enrôlé dans la catégorie d’âge 5-17 mois reporté comme 
ayant reçu les trois doses du vaccin étudié, et qui a été inclus dans les analyses per-protocole 
détaillées précédemment, n’avait reçu que les deux premières doses du vaccin. bLa date de 
naissance de trois enfants qui ont été inclus dans l’analyse per-protocole détaillée 
précédemment a été corrigée. Ces enfants ont été identifiés comme « hors des limites d’âge » 
quand ils ont reçu la dose du vaccin étudié et ont été exclus des analyses per-protocole 
rapportées ici. 
Version originale (haute résolution), doi:10.1371/journal.pmed.1001685.g002 
  



 
 
Figure 3. Diagramme CONSORT des enfants âgés de 6-12 semaines à l’enrôlement et suivis 
jusqu’à 18 mois post-vaccination. aLes données de screening n’avaient pas été reportées avant 
le gel de la base de données utilisée pour l’analyse publiée en 2011 pour 22 nourrissons de la 
catégorie d’âge 6-12 semaines, et ces participants n’ont pas été inclus dans le diagramme 
CONSORT. bUn nourrisson enrôlé dans la catégorie d’âge 6-12 semaines a été reporté comme 
ayant reçu les trois doses du vaccin (RTS,S/AS01 ou comparateur) et a été inclus dans les 
analyses per-protocole détaillées précédemment, mais il fut découvert par après qu’il n’avait 
reçu que la première dose de vaccin. cDeux nourrissons enrôlés dans la catégorie d’âge 6-12 
semaines qui avaient été reportés comme « sont venus à la visite 16 (12 mois après la 3ème 
dose) » dans le diagramme CONSORT 2012 sont reportés comme « Ont migré / Suivi perdu » 
dans ce diagramme CONSORT. De plus, un nourrisson qui avait été reporté comme « A migré / 
Suivi perdu » dans le diagramme CONSORT 2012 a été reporté comme « Retrait du 
consentement » dans ce diagramme CONSORT [15]. 
Version originale (haute résolution), doi:10.1371/journal.pmed.1001685.g003 
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were episodes of fever for which infants were hos-
pitalized for investigation. One infant (in the con-
trol group) had anaphylaxis, one infant (in the 
RTS,S/AS01 group) had a suspected injection-site 
infection related to the pentavalent vaccine, and 
one infant (in the RTS,S/AS01 group) had repeat-
ed febrile seizures associated with a respiratory 
infection. The frequency of seizures within 7 days 
after vaccination, reported previously, was simi-
lar in the two study groups.3

Meningitis of any cause was reported as a 
serious adverse event in 11 infants: 9 of the 4358 
infants in the RTS,S/AS01 group and 2 of the 
2179 infants in the control group (relative risk in 
the RTS,S/AS01 group, 2.3; 95% CI, 0.5 to 10.4). 
A pathogen was identified for 7 of the events 
(salmonella in 3 episodes of meningitis and 
pneumococcus in 4 episodes). The 4 remaining 
events, with no pathogen identified, were re-
ported by a single study center (3 episodes of 
meningitis in the RTS,S/AS01 group and 1 epi-
sode in the control group). Of the 11 episodes of 
meningitis, 2 were new (1 due to pneumococcus 
and 1 due to salmonella); the 9 other episodes have 
been reported previously.3 Investigator-driven 
medical review of previously reported meningitis 
episodes led to reclassification of 1 episode as 
an episode of pneumonia and reclassification of 
4 episodes without cause as 2 episodes of pneu-
mococcal meningitis and 2 of salmonella men-
ingitis. Four of the episodes of meningitis oc-
curred within 30 days after vaccination.

Adverse Events
Unsolicited reports of adverse events within 30 days 
after vaccination were recorded with similar fre-
quency in the RTS,S/AS01 group (79.4%; 95% CI, 
77.2 to 81.5) and in the control group (81.3%; 
95% CI, 78.3 to 84.1). No clinically important 
imbalances were observed (Table S11A in the 
Supplementary Appendix). Information on unso-
licited reports of adverse events related to the 
vaccine or leading to withdrawal within 30 days 
after vaccination is shown in Table S11B in the 
Supplementary Appendix. The frequency of solic-
ited reports of local symptoms was similar 
among infants who received the RTS,S/AS01 vac-
cine and among those who received the menin-
gococcal vaccine and was lower than that ob-
served with the pentavalent vaccine (Table S13 in 
the Supplementary Appendix). Systemic reacto-
genicity was higher in the RTS,S/AS01 group 
than in the control group (Fig. 3, and Table S12 
in the Supplementary Appendix). Postvaccination 
fever was reported after 30.6% of doses (95% CI, 
29.2 to 32.0) in the RTS,S/AS01 group and after 
21.1% of doses (95% CI, 19.4 to 22.8) in the con-
trol group. A temperature higher than 39°C was 
reported after less than 1% of doses. The inci-
dence of mucocutaneous disease was similar in 
the two study groups (Table S14 in the Supplemen-
tary Appendix).
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Figure 2. Cumulative Incidence of a First or Only Episode of Clinical Malaria 
(Primary Case Definition).

The cumulative incidence of clinical malaria in infants 6 to 12 weeks of age 
at enrollment is shown for the 12 months of follow-up after the third dose of 
a study vaccine in the per-protocol population (Panel A) and for the 14 months 
of follow-up after the first dose of vaccine in the intention-to-treat population 
(Panel B).
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were episodes of fever for which infants were hos-
pitalized for investigation. One infant (in the con-
trol group) had anaphylaxis, one infant (in the 
RTS,S/AS01 group) had a suspected injection-site 
infection related to the pentavalent vaccine, and 
one infant (in the RTS,S/AS01 group) had repeat-
ed febrile seizures associated with a respiratory 
infection. The frequency of seizures within 7 days 
after vaccination, reported previously, was simi-
lar in the two study groups.3

Meningitis of any cause was reported as a 
serious adverse event in 11 infants: 9 of the 4358 
infants in the RTS,S/AS01 group and 2 of the 
2179 infants in the control group (relative risk in 
the RTS,S/AS01 group, 2.3; 95% CI, 0.5 to 10.4). 
A pathogen was identified for 7 of the events 
(salmonella in 3 episodes of meningitis and 
pneumococcus in 4 episodes). The 4 remaining 
events, with no pathogen identified, were re-
ported by a single study center (3 episodes of 
meningitis in the RTS,S/AS01 group and 1 epi-
sode in the control group). Of the 11 episodes of 
meningitis, 2 were new (1 due to pneumococcus 
and 1 due to salmonella); the 9 other episodes have 
been reported previously.3 Investigator-driven 
medical review of previously reported meningitis 
episodes led to reclassification of 1 episode as 
an episode of pneumonia and reclassification of 
4 episodes without cause as 2 episodes of pneu-
mococcal meningitis and 2 of salmonella men-
ingitis. Four of the episodes of meningitis oc-
curred within 30 days after vaccination.

Adverse Events
Unsolicited reports of adverse events within 30 days 
after vaccination were recorded with similar fre-
quency in the RTS,S/AS01 group (79.4%; 95% CI, 
77.2 to 81.5) and in the control group (81.3%; 
95% CI, 78.3 to 84.1). No clinically important 
imbalances were observed (Table S11A in the 
Supplementary Appendix). Information on unso-
licited reports of adverse events related to the 
vaccine or leading to withdrawal within 30 days 
after vaccination is shown in Table S11B in the 
Supplementary Appendix. The frequency of solic-
ited reports of local symptoms was similar 
among infants who received the RTS,S/AS01 vac-
cine and among those who received the menin-
gococcal vaccine and was lower than that ob-
served with the pentavalent vaccine (Table S13 in 
the Supplementary Appendix). Systemic reacto-
genicity was higher in the RTS,S/AS01 group 
than in the control group (Fig. 3, and Table S12 
in the Supplementary Appendix). Postvaccination 
fever was reported after 30.6% of doses (95% CI, 
29.2 to 32.0) in the RTS,S/AS01 group and after 
21.1% of doses (95% CI, 19.4 to 22.8) in the con-
trol group. A temperature higher than 39°C was 
reported after less than 1% of doses. The inci-
dence of mucocutaneous disease was similar in 
the two study groups (Table S14 in the Supplemen-
tary Appendix).
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Figure 2. Cumulative Incidence of a First or Only Episode of Clinical Malaria 
(Primary Case Definition).

The cumulative incidence of clinical malaria in infants 6 to 12 weeks of age 
at enrollment is shown for the 12 months of follow-up after the third dose of 
a study vaccine in the per-protocol population (Panel A) and for the 14 months 
of follow-up after the first dose of vaccine in the intention-to-treat population 
(Panel B).
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Table 1. Efficacy of the RTS,S/AS01 Vaccine against Clinical and Severe Malaria in Infants Enrolled at 6 to 12 Weeks of Age.

Variable RTS,S/AS01 Vaccine Control Vaccine Protective Efficacy
Protective Efficacy  

Adjusted for Covariates*

No. of 
Events

Person-
Yr

Event 
Rate

No. of 
Events

Person-
Yr

Event 
Rate % (CI)† P Value % (95% CI) P Value

Clinical malaria‡

Per-protocol population (12 mo after third dose of vaccine)

First or only episode

>5000 parasites/mm3 and temperature ≥37.5°C 
(coprimary end point)

1161 3163 0.37 714 1476 0.48 31.3 (23.6–38.3) <0.001 31.5 (24.7–37.6) <0.001

>0 parasites/mm3 and measured or reported fever 1475 2921 0.50 879 1328 0.66 32.4 (26.5–37.9) <0.001 32.6 (26.7–38.0) <0.001

>500 parasites/mm3 and temperature ≥37.5°C 1282 3073 0.42 770 1429 0.54 30.3 (23.7–36.2) <0.001 30.4 (23.8–36.3) <0.001

>20,000 parasites/mm3 and temperature ≥37.5°C 1005 3256 0.31 630 1535 0.41 31.4 (24.2–37.9) <0.001 31.6 (24.4–38.1) <0.001

All episodes, >5000 parasites/mm3 and temperature ≥37.5°C 2301 3604 0.64 1626 1790 0.91 32.9 (26.3–38.8) <0.001 33.0 (26.4–38.9) <0.001

Intention-to-treat population (14 mo after first dose of vaccine)

First or only episode, >5000 parasites/mm3 and temperature 
≥37.5°C

1283 4106 0.31 782 1949 0.40 30.1 (23.6–36.1) <0.001

All episodes, >5000 parasites/mm3 and temperature ≥37.5°C 2615 4688 0.56 1864 2345 0.79 32.9 (26.7–38.5) <0.001

No. of 
Infants

No. 
Affected

Affected 
rate

No. of 
Infants

No. 
Affected

Affected 
rate % (95% CI) P Value

% %

Severe malaria§

Per-protocol population (12 mo after third dose of vaccine)

Primary case definition 3995 58 1.5 2008 46 2.3 36.6 (4.6–57.7) 0.02

Secondary case definition 3995 63 1.6 2008 51 2.5 37.9 (8.3–57.8) 0.01

Intention-to-treat population (14 mo after first dose of vaccine)

Primary case definition 4358 77 1.8 2179 52 2.4 26.0 (−7.4–48.6) 0.09

Secondary case definition 4358 83 1.9 2179 58 2.7 28.4 (−1.9–49.4) 0.06

* In the adjusted analyses, data were stratified according to study site with adjustment for the distance to the nearest outpatient health facility.
† All end points are presented with 95% confidence intervals except for the coprimary end point, which is presented with 97.5% confidence intervals. The coprimary end point was de-

fined as vaccine efficacy against a first or only episode of clinical malaria, according to the primary case definition.
‡ The primary case definition of clinical malaria was an illness in a child brought to a study facility with a temperature of ≥37.5°C and Plasmodium falciparum asexual parasitemia at a 

density of >5000 parasites per cubic millimeter or a case of malaria meeting the primary case definition of severe malaria.
§ The primary case definition of severe malaria was P. falciparum asexual parasitemia at a density of >5000 parasites per cubic millimeter with one or more markers of disease severity 

and without diagnosis of a coexisting illness. The secondary case definition of severe malaria was P. falciparum asexual parasitemia at a density of >5000 parasites per cubic millimeter 
with one or more markers of disease severity, including cases in which a coexisting illness was present or could not be ruled out. Markers of severe disease were prostration, respirato-
ry distress, a Blantyre coma score of ≤2 (on a scale of 0 to 5, with higher scores indicating a higher level of consciousness), two or more observed or reported seizures, hypoglycemia, 
acidosis, elevated lactate level, or hemoglobin level of <5 g per deciliter. Coexisting illnesses were defined as radiographically proven pneumonia, meningitis on analysis of cerebrospi-
nal fluid, bacteremia, or gastroenteritis with severe dehydration.
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In children, in the 12 months after the third dose, RTS,S/
AS01 vaccine efficacy was > 47 % against clinical malaria 
(all episodes), severe malaria and malaria-related hospi-
talization (Table 2) [16].Vaccine efficacy waned over time, 
although clinically relevant protection was still evident 18 
months after the third dose (Table 2) [14]. Without a booster 
dose, vaccine efficacy against clinical malaria was 34% at 
30 months, with no or minimal protection against severe 
malaria or malaria-related hospitalization (Table 2) [13]. 
Administration of a booster dose provided an incremental 
vaccine efficacy of 25.6% (95% CI 18.2–32.3) during the 12 
months after the booster dose compared with the group that 
did not receive the booster dose, with the efficacy partially 
retained over up to 46 months after dose 3 (Table 2) [13]. 
The numbers of clinical malaria cases averted with RTS,S/
AS01 were the highest in areas of high malaria incidence 
[e.g. Siaya (Kenya) and Nanoro (Burkina Faso)] [13]. In 
the trial site with the highest malaria incidence (Siaya), up 
to 6565 and 4443 cases of clinical malaria per 1000 chil-
dren could be prevented with four and three doses of RTS,S/
AS01, respectively [13].

In an open-label extension study (NCT02207816) of the 
pivotal trial, subjects in three trial centres [Korogwe (Tanza-
nia), Kombewa (Kenya) and Nanoro (Burkina Faso)] were fol-
lowed for additional 3 years (7 years in total since the first vac-
cination in children aged 5–17 months) [18]. During the 3-year 
extension, the overall incidences of severe malaria were low 

in all three treatment groups: 0.004, 0.007 and 0.009 cases per 
person-years at risk in the RTS,S/AS01 4-dose, RTS,S/AS01 
3-dose and control groups, respectively (primary outcome). 
RTS,S/AS01 vaccine efficacy for the 4-dose schedule against 
severe malaria was maintained over up to 7 years (Table 2) 
[18]. Rebound of clinical malaria (i.e. incidence higher in the 
RTS,S/AS01 group than in the control group) was seen in one 
of the study centre (Nanoro) with high malaria prevalence, 
although this did not result in a rebound of severe malaria [18].

Seasonal malaria vaccination trial

Taking advantage of the vaccine’s high initial efficacy, this 
trial investigated the efficacy of RTS,S/AS01 with or with-
out SMC in children in the Sahel regions of Africa, where 
malaria transmission is high during a few months of the 
year [17]. In this double-blind trial, 6861 children aged 5–17 
months from Burkina Faso and Mali received RTS,S/AS01 
alone (three doses in April, May and June 2017, followed 
by fourth dose in June 2018 and fifth dose in June 2019), 
SMC alone (four courses of sulfadoxine–pyrimethamine and 
amodiaquine at monthly intervals each year) or RTS,S/AS01 
plus SMC. In the SMC alone group, children also received 
three doses of rabies vaccine  (Rabipur®) in 2017 and a dose 
of hepatitis A vaccine  (Havrix®) in 2018 and 2019. In the 

Table 2  Efficacy of RTS,S/AS01  (Mosquirix®) in African children aged 5–17 months

*p < 0.05, **p ≤ 0.01 vs comparator
a Modified intention-to-treat population for 6.8 years and per-protocol population for all other time points
b All episodes. Primary case definition: temperature ≥  37.5  °C and P. falciparum asexual parasitaemia (>  5000 parasites/mm3) or a case of 
malaria meeting the primary case definition of severe malaria
c Primary case definition: P. falciparum asexual parasitaemia (> 5000 parasites/mm3) with ≥ 1 marker of disease severity and without comorbidity
d Defined as a medical hospitalization with confirmed P. falciparum asexual parasitaemia (> 5000 parasites/mm3)
e Data from the EU assessment report [36] or summary of product characteristics[6]
f Vaccine efficacy was similar to that for severe malaria, as most severe malaria cases also met the case definition for malaria hospitalisation

Time point No. of  subjectsa

(RTS,S/AS01 vs control)
Vaccine efficacy (%) [95% CI]
Clinical  malariab Severe  malariac Malaria  hospitalizationd

12 months after dose 3 [16] 2830 vs 1466 55.1 [50.5 to 59.3]** 47.3 [22.4 to 64.2]** 47.9 [34.6 to 58.5]**e

18 months after dose 3 [14] 4557 vs 2328 45.7 [41.7 to 49.5]** 35.5 [14.6 to 51.1]** 41.5 [29.1 to 51.7]**

30 months after dose 3 [13]
 3 doses 2306 vs 2336 33.9 [28.9 to 38.6]** 2.1 [− 27.5 to 24.8] 18.1 [1.1 to 32.3]*e

 3 doses + 1 booster dose 2276 vs 2336 46.1 [41.8 to 50.1]** 32.4 [9.5 to 49.8] 40.1 [26.2 to 51.5]*e*

46 months after dose 3 [13]
 3 doses 2306 vs 2336 26.2 [20.8 to 31.2]** − 5.8 [− 35.0 to 17.0] 12 [− 5 to  26]e

 3 doses + 1 booster dose 2276 vs 2336 39.0 [34.3 to 43.3]** 28.5 [6.3 to 45.7]** 37.2 [23.6 to 48.5]e

Over 6.8 years [18]
 3 doses 829 vs 839 19.1 [10.8 to 26.7]** 10.1 [− 18.1 to 31.6] Not  reportedf

 3 doses + 1 booster dose 844 vs 839 23.7 [15.9 to 30.7]** 36.7 [14.6 to 53.1]** Not  reportedf
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[20]. The relative risk was 11.0 (95% CI 1.4–85.1) for four 
doses of RTS,S/AS01 versus control. There was also an imbal-
ance between the groups in the incidence of cerebral malaria, 
and all-cause mortality among girls. A causal relationship 
linking the vaccine to meningitis and cerebral malaria has 
not been established [20]. Furthermore, these safety signals 
were not seen in earlier phase 2 or subsequent phase 3 trials, 
or through prospective monitoring of large-scale pilot evalu-
ations, indicating that these signals were chance findings [3].

What is the immunogenicity of RTS,S/AS01?

RTS,S/AS01 is highly immunogenic, inducing high lev-
els of anti-CSP antibodies and CSP-specific CD4 T-cell 
responses in vaccinated individuals [7, 24–27]. The 
CD4 T-cell responses may provide additional protection, 
independent of the anti-CSP antibody response [27]. A 
definitive threshold level of anti-CSP antibody titres that 
can serve as a surrogate or correlate of protection against 
malaria has not been identified. However, based on a 
model, an anti-CSP antibody titre level of 121 EU/mL is 
expected to prevent 50% of malaria infections [28].

RTS,S/AS01 induced a stronger immune response in chil-
dren than in infants in the pivotal trial, where coadministered 
EPI vaccines differed between the age categories [6, 28]. The 
geometric mean titre (GMT) levels of anti-CSP antibodies 

in children versus infants were 621 versus 211 EU/mL at 1 
month after the third dose, 34 versus 6 EU/mL before the 
booster dose and 318 versus 170 EU/mL at 1 month after the 
booster dose [6]. Anti-CSP titres waned in a biphasic expo-
nential pattern [28], with rapid waning in the first 6.5 months 
and slow waning over 7 years [29]. The half-life of the short- 
and long-lived components of the antibody response was 45 
and 591 days in children aged 5–17 months, respectively 
[28]. It is estimated that 12% of the response would be long-
lived after primary vaccination in children, increasing to 30% 
after a booster dose. The decline in the antibody response 
predicted the duration of vaccine efficacy against clinical 
malaria, with the efficacy waning more rapidly in areas of 
higher transmission intensities [28].

RTS,S/AS01 was immunogenic in preterm infants and 
malnourished children [28], as well as in HIV-infected 
children [21, 22], including those with WHO stage 1 or 2 
disease receiving high antiretroviral and co-trimoxazole 
treatment [22]. In the pivotal trial, anti-CSP antibody 
GMTs were lower in HIV-infected children than in chil-
dren of unknown HIV status (193 vs 492 EU/mL) [21].

In children primed with three doses of RTS,S/AS01, 
subsequent annual booster doses given before the malaria 
transmission season induced strong antibody responses, 
albeit these responses tended to decreased over time 
(Fig. 1) [30].

Table 3  Efficacy of seasonal malaria vaccination with RTS,S/AS01  (Mosquirix®) over 3 years in African children aged 5–17 months in a rand-
omized phase 3 trial [17]

SMC seasonal malaria chemoprevention
a Outcomes were assessed in modified intention-treat population (n  =  1965, 1988, 1967 in the SMC, RTS,S/AS01 and combination groups, 
respectively; see main text for treatment details)
b Calculated as (1−hazard ratio) × 100
c Primary outcome: defined as body temperature ≥ 37.5 °C or a history of fever within the previous 48 h and P. falciparum parasitemia (parasite 
density ≥ 5000 per  mm3) in children who presented to a clinical trial health facility
d Classified according to the WHO definition

Outcomes/treatmentsa No. of events/100 person-year
at risk [95% CI]

Protective  efficacyb (%) [95% CI]
Versus SMC alone Versus RTS,S/AS01 alone

Uncomplicated clinical malariac

SMC alone 304.8 [290.5 to 319.8]
RTS,S/AS01 alone 278.2 [264.6 to 292.4] 7.9 [− 1.0 to 16.0]
RTS,S/AS01 + SMC 113.3 [104.7 to 122.5] 62.8 [58.4 to 66.8] 59.6 [54.7 to 64.0]
Hospitalization for severe malariad

SMC alone 6.8 [4.9 to 9.4]
RTS,S/AS01 alone 6.7 [4.8 to 9.2] − 0.4 [− 60.2 to 37.1]
RTS,S/AS01 + SMC 2.0 [1.1 to 3.6] 70.5 [41.9 to 85.0] 70.6 [42.3 to 85.0]
Death from malaria
SMC alone 2.0 [1.1 to 3.6]
RTS,S/AS01 alone 2.2 [1.2 to 3.8] − 9.5 [− 148.3 to 51.7]
RTS,S/AS01 + SMC 0.5 [0.2 to 1.7] 72.9 [2.9 to 92.4] 75.3 [12.5 to 93.0]
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TMGs d’anticorps anti-CS pour les enfants âgés de 5 à 17 mois



Moyenne géométrique des Ac suivant les tranches 
d’âge dans les sites de l’étude

 
 
Figure 18. Moyennes géométriques des titres anti-CS (EU/ml) chez les participants du groupe 
RTS,S/AS01 1 mois après la 3ème dose chez des enfants âgés de 6-12 semaines à l’enrôlement, 
classées par ordre croissant en fonction de l’incidence du paludisme sur le site d’étude 
(population per-protocole). Les carrés bleus reflètent le nombre de participants de la 
population per-protocole pour lesquels un résultat d’analyse valide était disponible 1 mois 
après la 3ème dose sur chaque site d’étude; les barres horizontales montrent les limites 
inférieures (LL) et supérieures (UL) de l’intervalle de confiance à 95%. Les sites d’étude sont 
classés du taux d’incidence de paludisme clinique le plus bas (Kilifi) au plus haut (Siaya). Le 
paludisme est défini comme une fièvre mesurée ou reportée endéans les dernières 24 h et une 
densité de parasites >0 parasites/mm3 (définition secondaire du paludisme clinique), mesurée 
pendant 12 mois chez les nourrissons du groupe contrôle âgés de 6-12 semaines à 
l’enrôlement. 
Version originale (haute résolution), doi:10.1371/journal.pmed.1001685.g018 
  

 
 
Figure 17. Moyennes géométriques des titres anti-CS (EU/ml) chez les participants du groupe 
RTS,S/AS01 1 mois après la 3ème dose chez des enfants âgés de 5-17 mois à l’enrôlement, 
classées par ordre croissant en fonction de l’incidence du paludisme sur le site d’étude 
(population ITT). Les carrés bleus reflètent le nombre de participants de la population ITT pour 
lesquels un résultat d’analyse valide était disponible 1 mois après la 3ème dose sur chaque site 
d’étude; les barres horizontales montrent les limites inférieures (LL) et supérieures (UL) de 
l’intervalle de confiance à 95%. Les sites d’étude sont classés du taux d’incidence de paludisme 
clinique le plus bas (Kilifi) au plus haut (Siaya). Le paludisme est défini comme une fièvre 
mesurée ou reportée endéans les dernières 24 h et une densité de parasites >0 parasites/mm3 
(définition secondaire du paludisme clinique), mesurée pendant 12 mois chez les nourrissons 
du groupe contrôle âgés de 6-12 semaines à l’enrôlement. 
Version originale (haute résolution), doi:10.1371/journal.pmed.1001685.g017 
  



Moyenne géométrique du titre des Ac et efficacité 
vaccinale

 
 
Figure 20. Représentation graphique de la moyenne géométrique des titres anti-CS, de 
l’efficacité du vaccin, et de l’incidence du paludisme (population per-protocole). Figure en 
haut à gauche: EV contre le paludisme clinique en fonction de l’incidence du paludisme 
(population per-protocole); Figure en bas à gauche: réponse anti-CS en fonction de l’incidence 
du paludisme (population per-protocole); Figure en bas à droite: réponse anti-CS en fonction de 
l’EV contre le paludisme clinique (population per-protocole). Les diamants bleus (nourrissons de 
6-12 semaines) et les carrés rouges (enfants de 5-17 mois) représentent les sites d’étude. L’EV 
(pourcents) est l’efficacité contre tous les épisodes de paludisme clinique rencontrant la 
définition primaire sur une période de 18 mois après la 3ème dose. La GMT d’anticorps anti-CS 
(EU/ml) a été mesurée 1 mois après la 3ème dose chez les 200 premiers participants enrôlés sur 
chaque site. L’incidence (n/total [n/T]: épisodes par personne-année à risque) est l’incidence du 
paludisme clinique (définition primaire) dans le groupe contrôle de la catégorie d’âge 
correspondante pendant 18 mois après la 3ème dose. 
Version originale (haute résolution), doi:10.1371/journal.pmed.1001685.g020 
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increase. In children aged 5–17 months, 12% (95% CrI 
11–13) of the response is estimated to be long-lived after 
primary vaccination, increasing to 30% (28–32) after 
the booster dose. In children aged 6–12 weeks, 7% (6–8) 
of the response was estimated to be long-lived after 
primary vaccination, increasing to 21% (18–23) after the 
booster dose.

Figure 1E shows the estimated dose–response relation-
ship between anti-circumsporozoite antibody titres and 
effi  cacy against infection. Effi  cacy against infection was 
predicted to increase smoothly with antibody titre—we 
found no threshold for protection.16 Our model predicts 
that an anti-circumsporozoite antibody titre of 121 EU/mL 
(95% CrI 98–153) prevents 50% of infections. The vaccine 

effi  cacy profi le against infection can be obtained by 
combining the antibody dynamics and the dose–response 
relationship. A biphasic pattern of waning effi  cacy was 
present mirroring the pattern of decay of anti-
circumsporozoite antibodies (fi gure 1F). In children aged 
5–17 months, effi  cacy against infection is estimated to 
begin at 74% (95% range [2·5–97·5 percentile] 46–85) and 
wanes to 28% (5–59) at 12 months, and 9% (1–32) after 
5 years. A booster dose at 18 months increases effi  cacy to 
59% (95% range 17–80), resulting in 17% (2–43) effi  cacy at 
5 years. In children aged 6–12 weeks, effi  cacy against 
infection was estimated to begin at 63% (95% range 
18–82) and waned to 11% (1–42) at 12 months, and to 3% 
(1–19) after 5 years. A booster dose at 18 months increases 

Figure 1: Anti-circumsporozoite antibody dynamics and association with effi  cacy against infection
(A–D) Anti-circumsporozoite antibody dynamics after a primary schedule of RTS,S/AS01 with or without booster. The black bars denote the median and 95% ranges 
(2·5–97·5 percentile). The solid and dashed curves denote the median of the model predicted antibody titres. The dark and light shaded regions represent 50% and 
95% of the model predicted variation in antibody titres. (E) Estimated dose–response relationship for the association between anti-CS antibody titre and effi  cacy 
against infection. (F) Estimated vaccine effi  cacy profi le for infection based on waning antibody titres. CS=circumsporozoite. R3C=three doses of RTS,S/AS01 and a 
booster with a comparator vaccine. R3R=three doses of RTS,S/AS01 and a booster with RTS,S/AS01.
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A R3C, age 6–12 weeks C R3R, age 6–12 weeks E Dose–response relationship

B R3C, age 5–17 months D R3R, age 5–17 months F Efficacy against infection

R3C, 6–12 weeks
R3R, 6–12 weeks
R3C, 5–17 months
R3R, 5–17 months

R3C, 6–12 weeks R3C, 6–12 weeks

R3C, 5–17 months R3C, 5–17 months

Parameter Prior Posterior

6–12 week category 5–17 month category

ds Half-life of short-lived component of antibody response 46 days (43–49) 45 days (43–48) 45 days (42–48) 

dl Half-life of long-lived component of antibody response 572 days (269–1045) 634 days (574–709) 591 days (557–632) 

ρpeak Proportion of short-lived component following primary schedule 0·83 (0·63–0·95) 0·93 (0·92–0·94) 0·88 (0·87–0·89)

ρboost Proportion of short-lived component following booster dose 0·83 (0·63–0·95) 0·79 (0·77–0·81) 0·70 (0·68–0·72)

β Scale parameter of dose–response curve 24·5 EU/mL (1·4–112·3) 99·2 EU/mL (67·6–132·6) 99·2 EU/mL (67·6–132·6) 

α Shape parameter of dose–response curve 0·92 (0·27–2·19) 0·74 (0·62–0·93) 0·74 (0·62–0·93)

Vmax Maximum effi  cacy against infection 0·91 (0·74–0·99) 0·93 (0·83–0·99) 0·93 (0·83–0·99)

Parameter estimates for anti-circumsporozoite antibody dynamics and the dose–response relationship between antibody titres and effi  cacy against infection. Priors and 
posteriors are presented as median and 95% credible intervals. Informative priors are taken from phase 2 data.6

 Table 3: Parameter estimates

Immunogenicity of the RTS,S/AS01 malaria 
vaccine and implica=ons for dura=on of 

vaccine efficacy: secondary analysis of data 
from a phase 3 randomised controlled trial 

Michael T White et al.
Lancet Infect Dis 2015; 15: 1450–58 



Nouveau Vaccin  R21 (Oxford University)
• Essai de phase 2b en double aveugle, randomisé, contrôlé, le vaccin 

R21 à base de protéines circumsporozoïtes (CSP) à faible dose, avec 
deux doses différentes d'adjuvant Matrix-M (MM), a été administré à 
des enfants âgés de 5 à 17 mois à Nanoro, Burkina Faso —un milieu de 
transmission du paludisme hautement saisonnier. 
• Trois vaccinations ont été administrées à 4 semaines d'intervalle avant 

la saison du paludisme, avec une quatrième dose 1 an plus tard. 
• Tous les vaccins ont été administrés par voie intramusculaire dans la 

cuisse. Le groupe 1 a reçu 5 μg de R21 plus 25 μg de MM, le groupe 2 
a reçu 5 μg de R21 plus 50 μg de MM et le groupe 3, le groupe témoin, 
a reçu des vaccins contre la rage. Les enfants ont été répartis au 
hasard (1:1:1) dans les groupes 1 à 3.
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for malaria. After the third vaccination, participants 
were visited by field workers every 30 days until 
6 months after the third vaccination, when, if they had 
a temperature of 37·5°C or higher or history of fever 
within the last 24 h, or both, blood sampling was done 
for blood film microscopy to detect Plasmodium spp. 
Two independent microscopists, who were masked to 
the vaccination status of all participants, analysed each 
blood film, with a third microscopist adjudicating in 
cases of discrepancy.

Anti-NANP antibodies were measured by ELISA before 
first vaccination, as previously described,17,18 28 days after 
first vaccination; 28 days, 6 months, and 1 year after the 
third vaccination; and 28 days after the booster dose 
administered 1 year later.

Outcomes
The primary objective assessed protective efficacy of 
R21/MM against clinical malaria from 14 days after 
the third vaccination to 6 months. The primary case 
definition of clinical malaria was presence of an axillary 
temperature of 37·5°C or higher and P falciparum 
asexual parasite density of more than 5000 parasites 
per µL. The secondary case definition was presence of 
an axillary temperature of 37·5°C or higher or history of 
fever during the last 24 h, or both, and P falciparum 

parasite density of more than 0 parasites per µL. The 
secondary objective assessed protective efficacy of 
R21/MM from 14 days after the third vaccination to 
12 months. In addition, cross-sectional asymptomatic 
P falciparum infection was analysed at months 6 and 12, 
defined as the presence of axillary temperature of less 
than 37·5°C, absence of history of fever within the last 
24 h, and P falciparum parasite density of more than 
0 parasites per µL. Safety, reactogenicity, and humoral 
immuno genicity of R21/MM were evaluated.

Statistical analysis
The study was powered to provide an initial point 
estimate of the efficacy of the malaria vaccine in either 
group 1 or 2, assuming that the vaccine efficacy over 
6 months was greater than 50%. Due to an unexpectedly 
high participant retention rate, we had power to detect 
efficacy greater than 37%.

Cox regression models were used to analyse first 
episodes of clinical malaria from 14 days after the third 
vaccination to 6 months and 1 year. For participants 
without an episode of clinical malaria, their time was 
censored at the date of their withdrawal or the date of 
their 6-month or 12-month blood sampling. The primary 
comparisons were prespecified as being between 
groups 1 and 3 and groups 2 and 3, with comparison of 

Figure 1: Trial profile
The main reason for withdrawal or not completing vaccination regimen was relocation outside of the study area. The parent of one participant withdrew consent after the first vaccination and 
two participants died during the course of the study, unrelated to vaccination. *All participants who received the third vaccination were analysed for the primary outcome, because participants with no 
event were censored at date of 12-month blood draw or date of withdrawal, except for three participants who withdrew within 14 days of third vaccination.

450 randomly assigned 

498 children screened for eligibility 

48 excluded
 27 not eligible
 21 declined to participate

150 allocated to 5 µg R21/50 µg Matrix-M 
and received allocated vaccine 

139 completed 12-month blood draw  

11 excluded
 8 lost to follow-up or 

withdrew
 3 did not receive all 

vaccines
 

146 analysed at 12 months*

1 withdrew 7 days after third 
vaccine

 

150 allocated to control vaccine and 
received allocated vaccine
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groups 1 and 2 to 3 as a supplementary analysis. A 
secondary analysis adjusted for confounding factors of 
sex, age at randomisation (5–9 months, 10–12 months, or 
>12 months) and bednet use (adequate or not). Vaccine 
efficacy was calculated as 1 minus the hazard ratio (HR).

Primary analyses of vaccine efficacy were based on a 
modified intention-to-treat population, which included all 
participants who received three vaccinations, allowing for 
inclusion of participants who received the wrong vaccine 
at any timepoint. Because all vaccines were administered 
correctly, this is equivalent to a per-protocol analysis.

The secondary outcomes of asymptomatic malaria 
infection at months 6 and 12 were analysed using a log 
binomial model, including randomised group as a 
covariate. Relative risks and 95% CIs were reported for 
comparisons of groups 1 and 3, and groups 2 and 3. This 
analysis was also done with adjustment for the con-
founding factors previously described.

To search for an immunological correlate of protection, 
we divided participants by tertile on their antibody 
response 4 weeks after the third dose and searched for 
differences in risk of clinical malaria.2

To facilitate masking, analyses were done by 
statisticians external to the investigator teams.

All statistical analyses were done using Stata, 
version 16.1.

This study is registered with ClinicalTrials.gov, 
NCT03896724.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. All authors had full access to all the data in the 
study and had final responsibility for the decision to 
submit for publication.

Results
From May 7 to June 13, 2019, 498 children aged 
5–17 months were screened (figure 1). 48 children were 
excluded, leaving 450 children who were enrolled and 
received at least one vaccination. 150 children were 
allocated to 5 µg R21 plus 25 µg MM (group 1), 
150 children were allocated to 5 µg R21 plus 50 µg MM 
(group 2), and 150 children were allocated to the control 
vaccine (group 3). The final vaccination of the primary 
series was administered on Aug 7, 2019. Baseline 
demographic characteristics were similar across the 
groups and the combined mean age of children 
completing vac cinations was 11·6 months (SD 3·8), with 
220 male participants and 222 female participants 
(appendix p 1). Eight of the 450 participants enrolled 
withdrew before the third vaccination and three at 7 days 
after the third vaccination. 383 (87%) of 442 participants 
adequately used insecticide treated nets before the 
malaria season. Indoor residual spraying was done 
in 65 (15%) of 441 households, and 300 (68%) of 
442 participants had at least one round (ie, three 

consecutive doses per day in 1 month; appendix p 2) of 
seasonal malaria chemoprevention.

186 participants had clinical malaria according to the 
primary case definition when assessing the primary 
objective of efficacy against clinical malaria of R21/MM 
from 14 days after the third vaccination to 6 months. 
These cases of clinical malaria occurred in 43 (29%) of 
146 participants in group 1, 38 (26%) of 146 participants 
in group 2, and 105 (71%) of 147 participants in group 3. 
A Cox regression model comparing group 1 with 
group 3 resulted in vaccine efficacy of 74% (95% CI 
63–82; p<0·0001). Comparing group 2 with group 3 
resulted in 77% efficacy (67–84; p<0·0001; figure 2).

Efficacy was further assessed at 12 months 
(range 329–369 days) after the third vaccination. 

Figure 2: Kaplan-Meier estimates of the time to first episode of clinical malaria
The primary analysis was based on a modified intention-to-treat population. Group 1 received 5 µg R21/25 µg MM, 
group 2 received 5 µg R21/50 µg MM, and group 3, the control group, received rabies vaccinations (Rabivax-S). 
(A) Data beginning from 14 days to 6 months after third vaccination. (B) Data beginning from 14 days to 
12 months after third vaccination. MM=Matrix-M.
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after the third vaccination. 383 (87%) of 442 participants 
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malaria season. Indoor residual spraying was done 
in 65 (15%) of 441 households, and 300 (68%) of 
442 participants had at least one round (ie, three 

consecutive doses per day in 1 month; appendix p 2) of 
seasonal malaria chemoprevention.

186 participants had clinical malaria according to the 
primary case definition when assessing the primary 
objective of efficacy against clinical malaria of R21/MM 
from 14 days after the third vaccination to 6 months. 
These cases of clinical malaria occurred in 43 (29%) of 
146 participants in group 1, 38 (26%) of 146 participants 
in group 2, and 105 (71%) of 147 participants in group 3. 
A Cox regression model comparing group 1 with 
group 3 resulted in vaccine efficacy of 74% (95% CI 
63–82; p<0·0001). Comparing group 2 with group 3 
resulted in 77% efficacy (67–84; p<0·0001; figure 2).
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Figure 2: Kaplan-Meier estimates of the time to first episode of clinical malaria
The primary analysis was based on a modified intention-to-treat population. Group 1 received 5 µg R21/25 µg MM, 
group 2 received 5 µg R21/50 µg MM, and group 3, the control group, received rabies vaccinations (Rabivax-S). 
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12 months after third vaccination. MM=Matrix-M.

A

Number at risk
Group 1
Group 2
Group 3

0

146
146
147

50

138
138
101

100

125
121

67

150

107
111
46

200

··
··
··

0

20

40

60

80

100

Cu
m

ul
at

iv
e i

nc
id

en
ce

 (%
) 

B

Number at risk
Group 1
Group 2
Group 3

0

146
146
147

100

125
121

67

200

89
102

40

300

85
101

39

400

··
··
··

Time since 14 days after dose 3 (days)

0

20

40

60

80

100

Cu
m

ul
at

iv
e i

nc
id

en
ce

 (%
) 

Group 1
Group 2
Group 3

Vaccine group



Efficacité  du vaccin R21
• Analyse d'efficacité primaire à 6 mois: 43 (29 %) des 146 participants du 

groupe 1, 38 (26 %) des 146 participants du groupe 2 et 105 (71 %) des 147 
participants du groupe 3 ont développé un paludisme clinique. 
• L'efficacité du vaccin était de 74 % (IC à 95 % 63–82) dans le groupe 1 et de 

77 % (67–84) dans le groupe 2 à 6 mois. À 1 an, l'efficacité du vaccin restait 
élevée, à 77 % (67–84) dans le groupe 1. 
• Participants vaccinés avec R21/MM présentaient des titres élevés 

d'anticorps anti-Asn-Ala-Asn-Pro (NANP) spécifiques du paludisme 28 jours 
après la troisième vaccination, qui ont presque doublé avec la dose 
d'adjuvant plus élevée. Les titres ont diminué mais ont été augmentés à des 
niveaux similaires aux titres maximaux après la première série de 
vaccinations après une quatrième dose administrée 1 an plus tard.
• Le Vaccin R21/MM semble sûr et très immunogène chez les enfants 

africains, et montre une efficacité prometteuse de haut niveau.
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Abstract

Background

Heterologous prime boost immunization with chimpanzee adenovirus 63 (ChAd63) and

Modified Vaccinia Virus Ankara (MVA) vectored vaccines is a strategy previously shown to

provide substantial protective efficacy against P. falciparum infection in United Kingdom

adult Phase IIa sporozoite challenge studies (approximately 20–25% sterile protection with

similar numbers showing clear delay in time to patency), and greater point efficacy in a trial

in Kenyan adults.

Methodology

We conducted the first Phase IIb clinical trial assessing the safety, immunogenicity and effi-

cacy of ChAd63 MVA ME-TRAP in 700 healthy malaria exposed children aged 5–17 months

in a highly endemic malaria transmission area of Burkina Faso.

Results

ChAd63 MVA ME-TRAP was shown to be safe and immunogenic but induced only moder-

ate T cell responses (median 326 SFU/106 PBMC (95% CI 290–387)) many fold lower than

in previous trials. No significant efficacy was observed against clinical malaria during the fol-

low up period, with efficacy against the primary endpoint estimate by proportional analysis

being 13.8% (95%CI -42.4 to 47.9) at sixth month post MVA ME-TRAP and 3.1% (95%CI

-15.0 to 18.3; p = 0.72) by Cox regression.
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Conclusions

This study has confirmed ChAd63 MVA ME-TRAP is a safe and immunogenic vaccine regi-

men in children and infants with prior exposure to malaria. But no significant protective effi-

cacy was observed in this very highly malaria-endemic setting.

Trial registration

ClinicalTrials.gov NCT01635647.

Pactr.org PACTR201208000404131.

Introduction

Malaria is the preeminent tropical infectious disease globally, with a devastating effect on
human health and society. In 2016, an estimated 216 million cases of malaria occurred world-
wide (95% CI 196–263 millions) with an estimated 445 000 deaths [1]. Progress in reducing
transmission in Sub-Saharan Africa has stalled recently [2]. The enormous economic and
social consequences of malaria have been well documented. The development of a vaccine
against malaria is a high priority and of significant importance in the context of coordinated
efforts to reduce the burden of malaria. The development of an effective vaccine is likely neces-
sary for the global eradication of malaria [3] and strategic goals for vaccine developers are
described in the malaria vaccine technology roadmap [4].

The most advanced malaria vaccine, which received a positive opinion under article 58
from the European Medicine Agency (EMA), RTS,S/AS01, targets antibodies against the cir-
cumsporozoite protein (CS), which is expressed by the sporozoite at the pre-erythrocytic stage.
A Phase III trial with RTS,S/AS01E showed modest efficacy of 28�3% (95% CI 23�3–32�9%)
against clinical malaria in children 5–17 months old who received three doses and of 36�3%
(31�8–40�5%) in those given a fourth dose, during 48 months of follow-up. A much lower effi-
cacy was observed in young infants [5,6]. The need for four doses with three outside current
EPI time points and the unexplained imbalance of female mortality between vaccine recipients
and controls (nearly doubled female mortality in vaccinees) has led to a need identified by
WHO for very large deployment trials to assess potential suitability for WHO pre-qualification
of this vaccine. The malaria vaccine “implementation” programme should start in late 2018
and will last many years and will evaluate several aspects such as the operational feasibility, the
Impact in mortality (overall and by gender) and the safety (Adverse Events Following Immu-
nization with emphasis in meningitis and cerebral malaria). [7].

The only other subunit malaria vaccination approach that has demonstrated repeatable par-
tial efficacy in humans involves the use of virally vectored vaccines containing a recombinant
genetic insert, encoding the antigen against which the immune response is directed [8–10].
The malaria vaccine candidate ChAd63 ME-TRAP and MVA ME-TRAP consist of non-repli-
cating viral vectors (ChAd63 and MVA) expressing the insert, ME-TRAP. Heterologous
prime-boost vaccination with ChAd63 ME-TRAP prime, followed eight weeks later by MVA
ME-TRAP boost, has shown partial sterile efficacy of 20–25% against P. falciparum infection
in UK adult Phase IIa sporozoite challenge studies, and 67% efficacy against PCR-determined
malaria infection in a trial in Kenyan adults [11]. T cell responses to TRAP peptides were asso-
ciated with protection in these Kenyan adults consistent with a CD8+ T cell correlate identified
in UK adult vaccines [8]. In a similar trial in Dakar Senegal, [9] lower T cell immunogenicity
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3-dose regimens have been completed in adults and infants
(Supplementary Data Set 1) and await publication. In particular, an
efficacy trial in Kenyan infants was completed in August 2018
(clinicaltrials.gov ID NCT02687373), and the results of that trial will
allow a comparison to efficacy of RTS,S/AS01 in this key
demographic group.
In malaria-naive individuals, PfSPZ-CVac using chloroquine

conferred high levels of sterile immunity against homologous
sporozoite challenge40 that lasted for up to 2 years41, but induced
sterile heterologous immunity in only a minority of vaccinees42.
Field trials of PfSPZ-CVac have been completed or are ongoing
[Supplementary Data Set 1] but results have not yet been
published. PfSPZ-CVac approaches are a valuable translational
research model to study human sterile immunity. Development as
a viable vaccination strategy will require safe and reliable delivery,
such as by coformulation of non-attenuated highly sensitive
sporozoites and long-lived chemoprophylactic agents to ensure
full chemoattenuation in vivo. GAP vaccines are being tested in
malaria-naïve individuals for safety, immunogenicity and protec-
tive efficacy (clinicaltrials.gov ID NCT03168854; NCT03163121).
Improved field efficacy of WSV will require new regimens or

approaches, and future studies will likely incorporate different P.
falciparum strains in PfSPZ products to broaden efficacy against
heterogeneous parasites that naturally circulate. Immunological
analysis of WSV trials may guide approaches to improve field
efficacy of PfSPZ and other PEV candidate products. WSV express
thousands of malaria antigens and induce a broad immune
response including CD4 T cells, CD8 T cells, γδ T cells and

antibodies. Among these, the Vδ2 subset of γδ T cells and
antibodies to the CSP protein have been associated with
protection in human trials37,43. In SPZ-vaccinated mice, a subset
of γδ T cells are required for the induction of protective CD8+
T cells that mediate killing of intrahepatocytic parasites; however,
γδ T cells do not directly mediate protection against sporozoite
challenge43. These findings are consistent with longstanding
evidence in mice and in monkeys that CD8+ T cells play a key role
in SPZ-induced sterile immunity44.

BLOOD-STAGE VACCINES
BSV target the asexual parasite forms that undergo repeated
multiplicative cycles in erythrocytes and cause disease and death.
Cycle duration varies between malaria parasite species and
determines the period between fevers, or periodicity: 1 day for
P. knowlesi, 2 days for P. falciparum, P. vivax and P. ovale, and
3 days for P. malariae. At the completion of each cycle, the brood
of ~1–2 dozen progeny (called merozoites) egress from host
erythrocytes and within seconds each merozoite has invaded a
new erythrocyte to initiate another round of multiplication (and a
subset of invasive merozoites commit to generate the sexual
forms that will infect mosquitoes).
Blood-stage parasites are an attractive target because this is the

disease-causing stage of development, and also because passive
transfer of IgG purified from semi-immune African adults was
shown to clear parasitemia from African children 6 decades
ago45,46 and later in Thai adults47. Of note, the studies in Africa
included children with malaria who did not receive antimalarial
chemotherapy as the standard of care45,46. and hence would not
now pass ethical scrutiny. In subsequent studies, immunization
with whole parasite preparations rich in merozoites protected
monkeys from P. falciparum infection48, focusing attention of
vaccine developers on merozoite invasion over the ensuing years.
The challenges to developing anti-merozoite vaccines include

(1) the brief time (seconds) when merozoites pass between
erythrocytes and are accessible to antibodies, (2) antigenic
polymorphism, (3) redundant invasion pathways, and (4) the
large number of parasites that need to be targeted compared with
the numerical bottlenecks attacked by PEVs and TBVs. Between
2000-2015, over 30 BSV trials registered in ClinicalTrials.gov were
completed (Table 1), with the large majority targeting the antigens
MSP1 and AMA1 and a handful targeting other antigens like EBA-
175 and MSP3. In general, these trials sought to elicit high titer
antibody against merozoite surface antigens that would impair
parasite invasion, or in the case of MSP3, would mediate antibody-
dependent cellular inhibition49. Ultimately, the results showed
scant evidence of protection against controlled human infection
or against naturally occurring infection. In particular, AMA-1
candidates induced high titer antibody that was functional by
in vitro assays in two trials but failed to show efficacy against
controlled infection with the homologous parasite50,51. Among all
BSV candidates, only GMZ2 (consisting of conserved domains of
GLURP and MSP3) showed statistically significant albeit low (14%)
efficacy in a pre-specified analysis against naturally acquired
infection52.
After these disappointments, attention turned to identifying

novel BSV antigens or refining the approach to existing targets.
Two vaccine candidates seek to address the issue of redundant
invasion pathways: PfRH5 and the AMA1-RON2 complex.

PfRH5
P. falciparum reticulocyte-binding protein homolog 5 (PfRH5)
binds the essential red cell receptor basigin and shows limited
polymorphism53, and entered clinical trials using a viral-vectored
prime-boost immunogen54. PfRH5 is the first highly conserved
merozoite antigen shown to induce broadly neutralizing antibody

Table 2. Selected malaria vaccine candidates currently under
preclinical development or in clinical trials.

Vaccine candidate Immunogen type Current status

Pre-erythrocytic stage (anti-infection)

RTS,S Subunit Phase 4

R21 Subunit Phase 1/2

Full-length CSP Subunit Phase 1

PfSPZ Vaccine Whole sporozoite
(radiation attenuation)

Phase 2

Chemoprophylaxis
vaccination (CVac)

Whole sporozoite
(chemical attenuation)

Phase 2

Genetically attenuated
parasite (GAP) vaccines

Whole sporozoite
(genetic attenuation)

Phase 1

Blood stage

PfRH5 Subunit Phase 1

AMA1-RON2 Subunit Preclinical

PfSEA-1 Subunit Preclinical

PfGARP Subunit Preclinical

Chemically attenuated
parasite (CAP) vaccines

Whole blood-stage
parasite

Phase 1

VAR2CSA (Placental malaria) Subunit Phase 1

PvDBP (Plasmodium vivax) Subunit Phase 1

Mosquito stage (Transmission-blocking)

Pfs25 Subunit Phase 1

Pfs230 Subunit Phase 2

Pfs48/45 Subunit Preclinical

Pvs230 (Plasmodium vivax) Subunit Preclinical

This table was adapted from a previous publication that has been updated
to include more recent vaccine candidates106. Pre-erythrocytic, blood-stage
and transmission-blocking vaccines are being evaluated in clinical trials
(denoted as phases I to IV) or are being tested in rodent or non-human
primate models (preclinical status).
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through the heart and reach the lung microvasculature where mero-
zoites are released to invade erythrocytes.16 This initiates blood-
stage cycle of development amongst ring, trophozoite and schizont 
forms (Figure 1). Exponential expansion of the parasite during the 
blood-stage stage and concomitant immune responses result in ma-
laria-related symptoms (as reviewed elsewhere).17

The PE stages form a bottleneck for the malaria parasite and 
can be targeted in developing an effective malaria vaccine. Once 
thought to be immunologically quiescent, accumulating evidence 
shows that the PE stages provoke immune responses.8,18-21 The spo-
rozoites are exposed to antibodies in the bloodstream and in the skin 
and hepatic extracellular fluids. It is only during the PE stages where 

Plasmodium parasites invade nucleated cells of humans and rodent 
models, which can present parasite antigens via major histocompati-
bility complex (MHC) I. This gives a wide array of innate and adaptive 
immune effector mechanisms that can be exploited in developing an 
effective malaria vaccine. A vaccine targeting the clinically 'silent' PE 
stages will not only block symptomatic blood-stage infections and 
associated complications, but it would also halt further transmission 
of the parasite. Nonetheless, the host-parasite crosstalk during the 
PE stages is intricate and remains inadequately studied. In this re-
view, we systematically explore the current knowledge on vaccine 
development and immune responses to malaria PE stages, and high-
light some of the existing gaps.

TA B L E  1   The status of current malaria pre-erythrocytic stage vaccine candidates (adapted from the World Health Organization tables of 
malaria vaccine projects globally—'Rainbow Tables')172

Project Registration no. Sponsor Vaccine type Country Phase
Start 
Date Ref

Whole Sporozoite

PfSPZ NCT02215707 Sanaria Inc RAS USA I 2014 51

PfSPZ NCT02627456 Sanaria Inc RAS Mali II 2016

PfSPZ NCT02613520 Sanaria Inc RAS Tanzania I 2015 27,173

PfRAS NCT01994525 USAMRDC RAS USA I 2013

PfSPZ-CVac NCT02115516 Sanaria Inc CPS (SPZ-CQ) Germany I 2014 54

PfGAP3KO NCT03168854 NIAID GAP USA I 2017

PfSPZ NCT02663700 NIAID RAS Burkina Faso, USA I 2016

PfSPZ-CVac NCT02773979 NIAID CPS (SPZ-CQ) USA I 2016

Sub-unit

RTS,S/AS01E NCT02374450 GSK CSP Kenya, Burkina Faso, 
Ghana

IV 2015 174

RTS,S/AS01 fractional 
dose

NCT01857869 GSK CSP Kenya, Gambia, 
Burkina Faso

II 2013 61

R21/AS01B NCT02600975 University of 
Oxford

CSP United Kingdom I 2015

R21/Matrix – M1 NCT02925403 University of 
Oxford

CSP Burkina Faso I 2016

R21/ME-TRAP NCT02905019 University of 
Oxford

CSP/TRAP United Kingdom II 2016 175

CS-Vac NCT01450280 University of 
Oxford

CSP Ireland I 2011 65

PfCelTOS FMP012/
AS01B

NCT02174978 USAMRMC CelTOS USA I 2014

ChAd63/MVA 
ME-TRAP

NCT01635647 University of 
Oxford

ME-TRAP Burkina Faso, Kenya, 
Gambia

II 2012 72-74

ChAd63/MVA ME-
TRAP + Matrix M™

NCT01663512 University of 
Oxford

ME-TRAP United Kingdom I 2012 176

Adjuv R21 (RTS,S 
biosimilar) with TRAP 
combined

NCT02905019 University 
Oxford

ME-TRAP + CSP United Kingdom, 
Germany

II 2016

Note: RAS denotes radiation-attenuated sporozoites.
Abbreviations: Adjuv, adjuvant; CelTOS, cell-traversal protein for ookinetes and sporozoites; ChAd, chimpanzee adenovirus; CPS, chemoprophylaxis 
following sporozoite infection; CQ, chloroquine; CSP, circumsporozoite protein; GAP, genetically attenuated parasites; GSK, GlaxoSmithKline; KO, 
knockout; MVA, modified vaccinia Ankara; NIAID, National Institute of Allergy and Infectious Diseases; Pf, Plasmodium falciparum; SPZ, sporozoites; 
TRAP, thrombospondin-related anonymous protein; USAMRDC, United States Army Medical Research and Development Command.



Vaccina&on contre le Paludisme

• Un seul vaccin, RTS,S (Mosquirix), a terminé les essais cliniques de 
phase III, offrant une protec(on limitée contre le paludisme grave 
chez les enfants africains ;

• En octobre 2021, Mosquirix a été approuvé par l'OMS pour une « 
large u(lisa(on » chez les enfants, ce qui en fait le premier vaccin 
contre le paludisme à recevoir ce#e recommanda(on ;

• Le développement d'un vaccin en(èrement protecteur ou bloquant 
la transmission (ou une combinaison des deux) est impéra(f pour 
a#eindre l'objec(f d'élimina(on du paludisme
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Recommandations de l’OMS
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6 Octobre 2021: L’OMS recommande le déploiement du vaccin Mosquirix à grande échelle. 

2 Décembre 2021: le conseil d'administration de GAVI approuve un investissement initial 
de 155,7 millions de dollars US pour 2022- 2025 pour l'expansion et l'introduction du 
vaccin dans d'autres régions et pays


