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Long-term immunogenicity and immune memory response to the hepatitis B
antigen in the RTS,S/AS01E malaria vaccine in African children: a randomized trial
Innocent Valéaa,b, Samuel Adjeic, Effua Usuf d*, Ousmane Traorea, Daniel Ansongc, Halidou Tintoa,
Harry Owusu Boatengc, Athanase Mwinessobaonfou Somea, Patrick Buabengc, Johan Vekemansd#, Amos Koteyc,
Pascale Vandoolaeghed, Mark Cullinaned‡, Magali Traskined, Florence Ouedraogoa, David Sambianc, Marc Lievensd,
Marc Christian Tahitaa, Erik Jongertd, Palpouguini Lompoa, Ali Idrissc, Dorota Borysd, Sayouba Ouedraogoa,
Frank Prempehc, Lode Schuermand, Hermann Sorghoa, and Tsiri Agbenyegac

aUnité de Recherche Clinique de Nanoro, Institut de Recherche en Sciences de la Santé, Nanoro, Burkina Faso; bIRSS, Centre Muraz, Bobo-
Dioulasso, Burkina Faso; cSchool of Medical Sciences, KNUST (Agogo Presbyterian Hospital), Kumasi, Ghana; dVaccine, GSK, Wavre, Belgium

ABSTRACT
RTS,S/AS01E malaria vaccine contains the hepatitis B virus surface antigen and may thus serve as
a potential hepatitis B vaccine. To evaluate the impact of RTS,S/AS01E when implemented in the
Expanded Program of Immunization, infants 8–12 weeks old were randomized to receive either
RTS,S/AS01E or a licensed hepatitis B control vaccine (HepB), both co-administered with various
combinations of the following childhood vaccines: diphtheria-tetanus-acellular pertussis-Haemophilus
influenzae type b, trivalent oral poliovirus, pneumococcal non-typeable Haemophilus influenzae
protein D conjugate and human rotavirus vaccine. Long-term persistence of antibodies against the
circumsporozoite (CS) protein and hepatitis B surface antigen (HBsAg) were assessed, together with
the immune memory response to the HB antigen following a booster dose of HepB vaccine.
Subgroups receiving RTS,S or the HepB control vaccine were pooled into RTS,S groups and HepB
groups, respectively. One month post-HepB booster vaccination, 100% of participants in the RTS,S
groups and 98.3% in the control groups had anti-HBs antibody concentrations ≥10 mIU/mL with the
geometric mean concentrations (GMCs) at 46634.7 mIU/mL (95% CI: 40561.3; 53617.6) and 9258.2
mIU/mL (95% CI: 6925.3; 12377.0), respectively. Forty-eight months post-primary vaccination anti-CS
antibody GMCs ranged from 2.3 EU/mL to 2.7 EU/mL in the RTS,S groups compared to 1.1 EU/mL in
the control groups. Hepatitis B priming with the RTS,S/AS01E vaccine was effective and resulted in
a memory response to HBsAg as shown by the robust booster response following an additional dose
of HepB vaccine. RTS,S/AS01E when co-administered with PHiD-CV, HRV and other childhood
vaccines, had an acceptable safety profile.
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Introduction

RTS,S/AS01E is a Plasmodium falciparum malaria vaccine
intended for routine immunization of infants and children
in malaria-endemic regions in Sub-Saharan Africa as part
of the Expanded Program on Immunization (EPI). The
vaccine is designed to complement currently available mea-
sures to fight P. falciparum malaria and may therefore
substantially contribute to existing malaria control pro-
grams. The RTS,S/AS01E vaccine consists of the RTS,S
‘hybrid’ antigen; in which the central repeat region of the
Plasmodium falciparum circumsporozoite (CS) protein,
referred to as ‘R’, and the T-cell epitopes of the CS protein
(‘T’) are fused to the hepatitis B virus surface antigen
(HBsAg) referred to as ‘S’. The vaccine is formulated with
the AS01E Adjuvant System. RTS,S/AS01E induces antibody
responses to the CS protein and to HBsAg.1

The hepatitis B virus causes life-threating infections world-
wide and poses a public health problem in Sub-Saharan
Africa.2 Chronic hepatitis B is a risk factor for liver cirrhosis
and liver cancer, and transmission of the virus occurs by
exposure to the blood or body fluids of infected individuals.2

Given the health burden of chronic hepatitis B, vaccination in
infants of Sub-Saharan African countries has become key to
protect against the disease. RTS,S/AS01E contains the HBsAg
and may thus serve as an additional hepatitis B vaccine dose.
In line with the recommendation to vaccinate all infants
against hepatitis B virus,3 RTS,S/AS01E was co-administered
in recent studies with diphtheria-tetanus-whole cell pertussis
(DTPw)-based pentavalent vaccines, which contains the hepa-
titis B surface antigen.4,5 The data from these studies show
that co-administration of RTS,S/AS01E with licensed vaccines
containing the hepatitis B surface antigen has an acceptable
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safety profile and no deleterious effect on anti-hepatitis
B virus immune response.

Based on the positive benefit-risk balance of RTS,S/AS01E
and its potential for substantial impact against both clinical
and severe malaria, the European Medicines Agency (EMA)
provided a positive scientific opinion for the RTS,S vaccine in
children aged 6 weeks to 17 months (at the time of the first
dose) in 2015.6 In 2016, the World Health Organization
(WHO) recommended pilot implementation of the vaccine
in children as of 5 months of age in 3 to 5 moderate-to-high
malaria transmission settings in Sub-Saharan Africa.7

Primary study results, published in Valéa et al.8 support
the indication of the RTS,S/AS01E vaccine for immunization
of infants against hepatitis B in settings where prevention of
P. falciparum malaria is also being sought. These results
demonstrated that RTS,S/AS01E was non-inferior to
a licensed HepB vaccine in terms of anti-HBs seroprotection
rates at one month post-primary vaccination. Immune
responses to PHiD-CV co-administered with RTS,S/AS01E
were non-inferior to PHiD-CV co-administered with HepB
for 9 out of 10 vaccine serotypes (all except serotype 18C).
Immune responses to HRV co-administered with
RTS,S/AS01E were non-inferior to HRV co-administered
with HepB. RTS,S/AS01E when co-administered with PHiD-
CV, HRV and other vaccines included in the EPI had an
acceptable safety profile during the 26 month follow-up
period.8

As part of the long-term follow-up of this phase III study,
we assessed long-term antibody persistence and safety of the
RTS,S/AS01E vaccine (up to 48 months post-primary vaccina-
tion series), the presence of anti-HBs immune memory and
the anti-HBs immune response to HepB booster vaccination
given 4 years after primary vaccination.

Methodology

Study design and participants

This phase III, open, randomized study (NCT01345240) was
designed to compare the anti-HBs immune response induced

by primary vaccination with RTS,S/AS01E to that induced by
primary vaccination with a licensed hepatitis B virus vaccine
(HepB; Engerix B, GSK). The study was conducted at the
Clinical Research Unit of Nanoro in Burkina Faso, and the
Malaria Research Center Agogo Presbyterian Hospital/Kwame
Nkrumah University of Science and Technology in Ghana.
Infants 8–12 weeks old were randomized to receive either
RTS,S/AS01E or a licensed HepB control, both co-
administered (concomitantly or staggered) with the following
vaccines; diphtheria-tetanus-acellular pertussis-Haemophilus
influenzae type b (DTaP/Hib, Infanrix Hib, GSK), trivalent
oral poliovirus vaccine (tOPV, Polio Sabin, GSK), pneumo-
coccal non-typeable Haemophilus influenzae protein
D conjugate vaccine (PHiD-CV, Synflorix, GSK) and human
rotavirus vaccine (HRV, Rotarix, GSK).8 The follow-up study
was conducted at both study sites in Burkina Faso and Ghana
between November 2011 and February 2017. All children
received a HepB booster vaccination 48 months post-
primary vaccination. The HepB vaccine contained 10 µg of
purified hepatitis B surface antigen adsorbed onto aluminum
hydroxide containing 0.25 mg of aluminum. RTS,S consists of
the central R repeat region and the c-term T cell epitopes of
the CS-protein (named “RT”) and hepatitis B surface antigen
(named “S”). Per molecule of RT, there are 5 molecules of
S (of which 1 S in fusion with RT and 4 “free” S). Molecular
weights are quite similar for RT and S, which means that in
a 25 µg RTS,S dose there is approximately 4.2 µg RT and
20.8 µg S. AS01 is a liposome-based adjuvant comprising
3-O-desacyl-4′-monophosphoryl lipid A (MPL – produced
by GSK), a Toll-like receptor 4 ligand and QS-21, a saponin
extracted from the bark of the Quillaja saponaria Molina tree
(Licensed by GSK from Antigenics LLC, a wholly owned
subsidiary of Agenus Inc., a Delaware, USA corporation).

Immunogenicity and safety data were collected up to one
month after HepB booster vaccination. Details about the co-
administered vaccines can be found in the Table 1. Data for
participants receiving the different RTS,S/AS01E (RTS,S
groups) or HepB (control groups) primary vaccination regi-
mens (both co-administered in various combinations with
different study vaccines),8 were pooled in RTS,S groups and

Table 1. Demographic characteristics per primary vaccination with RTS,S/AS01E or HepB and co-administered vaccines (ATP cohort for immunogenicity – FU2).

Characteristics Parameters
Group R1
(N = 131)

Group R2
(N = 111)

Group R3
(N = 122)

Group C1
(N = 127)

Group C2
(N = 107)

Co-administered vaccines RTS,S
DTaP/Hib
tOPV

PHiD-CV

RTS,S
DTaP/Hib
tOPV
HRV

RTS,S
DTaP/Hib
tOPV

HepB
DTaP/Hib
tOPV

PHiD-CV

HepB
DTaP/Hib
tOPV
HRV

Staggered vaccines (2 weeks later) HRV PHiD-CV PHiD-CV
HRV

HRV PHiD-CV

Age at HepB booster vaccination (years) Mean (SD) 4.3 (0.0) 4.3 (0.0) 4.3 (0.0) 4.3 (0.0) 4.3 (0.0)
Gender Male, n (%) 81 (61.8) 53 (47.7) 68 (55.7) 55 (43.3) 61 (57.0)

Female, n (%) 50 (38.2) 58 (52.3) 54 (44.3) 72 (56.7) 46 (43.0)

RTS,S
(N = 364)

Control
(N = 234)

Age at HepB booster vaccination (years) Mean (SD) 4.3 (0.0) 4.3 (0.0)
Gender Male, n (%) 202 (55.5) 116 (49.6)

Female, n (%) 162 (44.5) 118 (50.4)

ATP, according-to-protocol; DTaP/Hib, diphtheria-tetanus-acellular pertussis- Haemophilus influenzae type b; FU2, follow-up 2; HepB, hepatitis B vaccine; HRV, human
rotavirus vaccine; RTS,S/AS01E, malaria vaccine; SD, standard deviation; N, total number of participants; n (%), number (percentage) of participants in the specified
category. PHiD-CV, pneumococcal non-typeable Haemophilus influenzae protein D conjugate vaccine; tOPV, trivalent oral poliovirus vaccine;

RTS,S, all study groups who received primary vaccination with RTS,S/AS01E; control, all study groups who received primary vaccination with HepB.
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control groups for the analysis and comparison of HepB anti-
body persistence and booster response.

During the follow-up period, we collected blood samples and
assessed the persistence of the immune response against HBsAg at
12, 24, 36 and 48 months post-dose 3. To evaluate the memory
response to HBs antigen, HBs antibody titers were measured one-
month after administration of the HepB booster dose. Anti-CS
antibodies persistence was also measured at 12, 36 and 48 months
post-dose 3. More information about the study design and the
study vaccines can be found in Valéa et al.8

We performed the study in accordance with the principles
of Good Clinical Practice, the Declaration of Helsinki and all
applicable regulatory requirements. The concerned ethics
committees and regulatory authorities reviewed and approved
the study protocol, including amendments, and the informed
consent form. Parents or legal guardians of each child gave
written informed consent. The study is registered at www.
clinicaltrials.gov (NCT01345240) and a protocol summary is
available at http://www.gsk-clinicalstudyregister.com (GSK
study number 113681).

Objectives

The immunogenicity objectives during this follow-up study
included the assessment of long-term antibody persistence follow-
ing previous vaccination with RTS,S/AS01E in terms of anti-HBs
antibodies compared to a primary vaccination regimen with
HepB, and of anti-CS antibodies. Other immunogenicity objec-
tives were to study the antibody responses to HBsAg induced by
the booster dose of theHepBvaccine. The safety objective included
collection of serious adverse events (SAEs) and potential immune-
mediated disorders (pIMDs) up to study end.

Immunogenicity assessment

Wemeasured antibodies against HBs using a chemiluminescence
enzyme immunoassay (Centaur, Siemens Healthcare) with
a cutoff of 6.2 mIU/mL at GSK Biologicals (Rixensart, Belgium).
An anti-HBs concentration ≥10 mIU/mL is considered
seroprotective.9 An additional analysis was done using
a threshold of ≥ 100 mIU/mL for consistency with other clinical
studies and given the potential for low anti-HBs levels to mask
significant infection.10 Considering that antibody responses to the
RF1 epitope of theHepB surface antigen are indicative of the virus-
neutralizing capacity of the humoral immune response,11,12 we
quantified RF1-like antibody levels using an in-house developed
enzyme-linked immunosorbent assay (ELISA) based competition
assay with plate adsorbed HBsAg at the CEVAC laboratory
(University of Gent, Gent, Belgium). The assay cutoff was 33
EU/mL. We determined antibodies against CS by ELISA at the
CEVAC laboratory (University of Gent, Gent, Belgium). Due to
revalidation with new assay agents, the cutoff for the CS assay was
changed from 0.5 EU/mL used for month 1 and month 12 post
dose 3 to 1.9 EU/mL applied for month 36 and month 48 post-
dose 3.

Safety assessment

All solicited adverse events (AEs) were reported during the 7-day
period following each vaccine dose and all unsolicited AEs during
the 30-day period following each vaccine dose. All SAEs with
causal relationship to vaccination, fatal SAEs and AE of special
interest (AESI) including potential pIMDs from study week 0
until one-month post-booster HepB vaccination were described.

Statistical analyses

We based the immunogenicity analysis on the according-to-
protocol (ATP) cohort for immunogenicity analysis of follow-up
1 (FU1, months 12 and 24 post-primary vaccination) and follow-
up 2 (FU2, months 36 and 48 post-primary vaccination and one
month post-booster HepB vaccination). The ATP cohort for
immunogenicity analysis FU1 and FU2 contained all evaluable
participants from the ATP cohort for analysis of immunogenicity
excluding participants who did not follow inclusion criteria of
immunogenicity during the first and second follow-up time,
respectively (see Supplementary material). Immunogenicity ana-
lysis was performed by pooled groups for the anti-HBs immune
response. The total vaccinated cohort (TVC) included all partici-
pants with at least one vaccine administration documented. We
performed the safety analysis on the TVC per treatment actually
administered. The geometric mean concentration (GMCs) calcu-
lations were performed by taking the anti-log of the mean of the
log concentration transformations. Antibody titers/concentra-
tions below the cutoff of the assay were given an arbitrary value
of half the cutoff for the purpose of GMC calculation.

Results

Demographic characteristics

As previously presented in Valea et al.8 705 participants (425 in
pooled RTS,S groups and 280 in pooled control groups) were
enrolled in the primary study and randomized. Among them,
675 completed the visit 24 months post-primary vaccination. Six
hundred and forty-three participants completed the study at one
month post-booster HepB (Figure 1). Forty-eight months post-
primary vaccination, 612 participants were vaccinated and 598
were included in the ATP cohort for immunogenicity FU2 (for
more details see Figure 1). Thirty-two participants (25 in the
RTS,S groups and 7 in the control groups) withdrew during FU2.
Themean age atHepB booster vaccinationwas 4.3 years. Gender
distribution was balanced between all groups (Table 1).

Anti-CS immune response

Persistence of anti-CS antibodies
The seropositivity rates and GMCs for anti-CS antibodies one
month following primary vaccination were already described
in Valea et al., 2018.8 Forty-eight months post-primary vacci-
nation, seropositivity rates ranged in the RTS,S groups from
56.3% to 59.8%, with anti-CS antibody GMCs ranging from
2.3 EU/mL to 2.7 EU/mL compared to 1.1 EU/mL in the
control groups (Supplementary Table 1).
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Anti-HBs immune response

Persistence of anti-HBs antibodies
The percentage of participants with anti-HBs antibody con-
centrations ≥10 mIU/mL remained high between month 1
and month 48 post-dose 3 in the RTS,S groups (month 1,
100%; month 48, 99.4%), and was lower in the control groups
(month 1, 96.0%; month 48, 73.8%) (Table 2). The percentage
of participants with anti-HBs antibody concentrations ≥100
mIU/mL was lower at month 48 when compared to month 1
for participants in both the RTS,S and control groups (100%

one month post-dose 3 and 92.0% at month 48 in the RTS,S
groups; 83.4% at month 1 to 24.0% at month 48 in the control
groups) (Table 2).

Between month 1 and month 48 post-dose 3, anti-HBs
antibody GMCs declined sharply in both the RTS,S groups
(from 6412.7 mIU/mL to 669.8 mIU/mL) and the control
groups (from 377.4 mIU/mL to 30.8 mIU/mL) (Table 2).
Forty-eight months post-primary vaccination, anti-HBs
antibody GMC was 22-fold higher in the RTS,S groups
than in the control groups.

Figure 1. Participants flowchart.
FU; follow-up; SAE, Serious Adverse Event; RTS,S groups, all study groups who received primary vaccination with RTS,S/AS01E; control, all study groups who received
primary vaccination with HepB; M, month; N, total number of participants.aParticipants who have not been considered as completed at the end of the
immunogenicity follow-up 1 but who were not permanent withdrawals.bin the previous analyses
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Anti-HBs antibody responses following HepB booster
vaccination

One month post HepB booster vaccination, 100% of participants
in theRTS,S groups, and 98.3% in the control groups had antibody
titers ≥10 mIU/mL; 99.4% in the RTS,S group, and 95.6% in the
control groups had antibody titers ≥100 mIU/mL (Table 2). Anti-
HBs antibody GMCs were 46634.7 mIU/mL and 9258.2 mIU/mL
one month post-HepB booster vaccination in the RTS,S and con-
trol groups, respectively. Compared to pre-booster values, anti-
HBs antibody GMCs increased 70-fold in the RTS,S groups and
300-fold in the control groups (Table 2).

Antibody responses HBs RF1-like antigens

Onemonth post-primary vaccination, 97.5% of participants in the
RTS,S groups had anti-HBs RF1 antibody titers ≥33 EU/mL com-
pared to 35.3% in the control groups. One month post-HepB
booster vaccination, 95% of participants had antibody concentra-
tions above this cutoff in the RTS,S groups compared to 72.8% in
the control groups (Table 3). Anti-HBs RF1 antibody GMCs were

306.9 EU/mL and 27.1 EU/mL one month post-primary vaccina-
tion and 415.7 EU/mL and 123.9 EU/mL one month post-HepB
booster vaccination in the RTS,S and control groups, respectively
(Table 3).

Safety

No SAEs considered causally related to study vaccination and
no pIMDs were reported during the entire study period. In
the first 24 months of follow-up, 5/425 (1.2%) fatal SAEs
occurred in the RTS,S, versus 3/280 (1.1%) in the control
groups (age of onset is between 2 and 26 months). Over
approximately 4 years between study start and one month
post- HepB booster vaccination, 12/425 (2.8%) fatal SAEs
occurred in the RTS,S groups (5 in girls and 7 in boys) and
3/280 (1.1%) in the control groups (all in girls)
(Supplementary Table 2). No pattern/explanation for this
difference could be identified and most of the deaths were
due to various infectious diseases (Supplementary Table 2).

Discussion

The present follow-up study indicated a general steady decline in
anti-CS antibody levels over the 49-month follow-up period. This
observation indicates that no anti-CS boosting was occurring
following natural exposure to malaria.

We previously demonstrated that the immune response against
HBsAg induced by 3-dose priming with RTS,S/AS01E was non-
inferior to 3 dose priming with a licensed HepB vaccine.8 This
study showed that anti-HBs antibody GMCs declined from one
month post-primary vaccination to 48 months post-primary vac-
cination in all groups. Antibody GMCs remained however 22-fold
higher 48 months post-primary vaccination in participants who
received the RTS,S/AS01E vaccine compared to participants who
received the licensed HepB control vaccine, as expected from the
higher HepB dose antigens and the adjuvant (AS01E) provided
with the RTS,S/AS01E vaccine.

A HepB booster dose 48 months post-primary vaccination
induced a robust immune response in participants who received
3 priming doses of either RTS,S/AS01E, or a licensed HepB

Table 2. Anti-HBs seroprotection rates and antibody GMCs following HepB booster vaccination at 4 years post-primary in participants who previously received
primary vaccination with RTS,S/AS01E or HepB (ATP cohort for immunogenicity).

Group Timing N
% (95% CI)

≥ 6.2 mIU/mL
% (95% CI)
≥ 10 mIU/mL

% (95% CI)
≥ 100 mIU/mL

GMC,
mIU/mL (95% CI)

RTS,S Pre-vaccination 398 20.9 (17.0; 25.2) 15.8 (12.4; 19.8) 4.3 (2.5; 6.8) 5.0 (4.5; 5.7)
1 month post-dose 3 397 100 (99.1; 100) 100 (99.1; 100) 100 (99.1; 100) 6412.7 (5732.9; 7173.0)
12 months post-dose 3 380 100 (99.0; 100) 100 (99.0; 100) 98.9 (97.3; 99.7) 1995.0 (1784.5; 2230.5)
24 months post-dose 3 365 100 (99.0; 100) 100 (99.0; 100) 96.4 (94.0; 98.1) 1540.4 (1345.1; 1764.1)
36 months post-dose 3 355 99.7 (98.4; 100) 99.4 (98.0; 99.9) 94.9 (92.1; 97.0) 896.6 (780.2;1030.3)
48 months post-dose 3 361 99.4 (98.0; 99.9) 99.4 (98.0; 99.9) 92.0 (88.7; 94.6) 669.8 (579.7; 773.9)
1 month post-booster HepB 362 100 (99.0; 100) 100 (99.0; 100) 99.4 (98.0; 99.9) 46634.7 (40561.3; 53617.6)

Control Pre-vaccination 251 22.7 (17.7; 28.4) 17.9 (13.4; 23.2) 5.6 (3.1; 9.2) 5.4 (4.7; 6.4)
1 month post-dose 3 253 97.2 (94.4; 98.9) 96.0 (92.9; 98.1) 83.4 (78.2; 87.8) 377.4 (310.6; 458.7)
12 months post-dose 3 241 94.6 (91.0; 97.1) 92.9 (88.9; 95.8) 63.5 (57.1; 69.6) 127.7 (105.0; 155.4)
24 months post-dose 3 235 88.5 (83.7; 92.3) 83.8 (78.5; 88.3) 46.4 (39.9; 53.0) 69.8 (56.1; 86.9)
36 months post-dose 3 230 83.0 (77.6; 87.7) 77.4 (71.4; 82.6) 31.3 (25.4; 37.7) 40.0 (32.2; 49.7)
48 months post-dose 3 233 79.4 (73.6; 84.4) 73.8 (67.7; 79.3) 24.0 (18.7; 30.0) 30.8 (24.9; 38.1)
1 month post-booster HepB 229 98.3 (95.6; 99.5) 98.3 (95.6; 99.5) 95.6 (92.1; 97.9) 9258.2 (6925.3; 12377.0)

ATP, according-to-protocol; CI, confidence interval; FU, follow-up; GMC, geometric mean antibody concentration; HepB, hepatitis B vaccine; IU, international unit; M,
month; N, total number of participants; %, percentage of participants with antibody concentrations above the specified cutoff; RTS,S/AS01E, malaria vaccine. RTS,S
groups, all study groups who received primary vaccination with RTS,S/AS01E; control, all study groups who received primary vaccination with HepB; post-dose 3,
blood sampling after the third dose, x months after primary vaccination course; post-booster HepB, blood sampling 1 month after HepB booster dose.

Table 3. Seropositivity rate and GMCs for anti-HBs RF1-like antibodies in parti-
cipants who received primary vaccination with RTS,S/AS01E versus HepB, at
1 month after primary vaccination and 1 month after HepB booster dose (ATP
cohort for immunogenicity-FU2).

Group Timing N
% (95% CI)
≥ 33 EU/mL

GMC,
EU/mL (95% CI)

RTS,S 1 month post-
dose 3

362 97.5 (95.3; 98.9) 306.9 (276.0; 341.3)

1 month post-
booster HepB

341 95.0 (92.1; 97.1) 415.7 (362.2; 476.9)

Control 1 month post-
dose 3

232 35.3 (29.2; 41.9) 27.1 (24.5; 29.9)

1 month post-
booster HepB

202 72.8 (66.1; 78.8) 123.9 (99.1; 155.0)

ATP, according-to-protocol; CI, confidence interval; EU, enzyme-linked immuno-
sorbent assay unit; FU2, follow-up 2; GMC, geometric mean concentration;
HepB, hepatitis B vaccine; anti-HBs, antibodies to the hepatitis B surface
antigen; M, month; N, total number of participants; %, percentage of partici-
pants with antibody concentration equal to or above the specified cut off.

RTS,S, all study groups who received primary vaccination with RTS,S/AS01E;
control, all study groups who received primary vaccination with HepB; post-
dose 3, blood sampling one month after primary vaccination course.
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vaccine. Consistent with previous experience in children who
received HepB vaccine, HBs antibody titers may wane to low or
undetectable concentrations 5–15 years following primary
vaccination,13 and persistence is dependent on peak anti-HBs
levels.14 Nevertheless, immune responses to booster vaccination
remained robust, even if levels drop below 10 mIU/mL, as pre-
viously demonstrated.14 In the present study, the booster response
was robust irrespective of the primary vaccination schedule, sug-
gesting that all participants mounted immunememory to HBsAg.

Detectable anti-HBs antibody titers pre-primary vaccina-
tion in about 20% of participants may represent maternal
transfer of antibodies. We believe that interpretation of the
results was not affected by these findings as to our knowl-
edge, maternal antibodies may have very little impact on
a booster response to an additional HepB dose 48 months
after primary vaccination. Additionally, prevalence of chil-
dren with detectable anti-HBs antibody titers seemed
balanced between RTS,S groups.

To assess the virus-neutralizing capacity of the humoral
immune response,11,12 antibody responses to the RF1 epitope of
the HBsAg were assessed and were higher in the RTS,S groups
compared to the control groups, as shown by the seropositivity
rates and GMCs one month after both primary and booster
vaccination. This is consistent with previous results in infants
6–12 weeks of age at first vaccination, at one month post-
primary vaccination with 3 doses of RTS,S/AS01E, according to
a 0,1,2-month schedule.3,4 In the current study, higher anti-HBs
RF1-like antibody GMCs were observed in both groups following
booster vaccination compared to one month post-primary vacci-
nation, indicative of a booster response. A correlated of protection

exists forHepB immunization.Whether the higher anti-HBs RF1-
like antibody GMCs following booster vaccination in the RTS,S
groups compared to the control groups will result in a clinically
meaningful benefit in terms of longer-term protection remains
unknown and the clinical benefit may be limited.

Overall, RTS,S/AS01E was well tolerated.While the numbers of
deathswere similar between groups up to 24months post-primary
vaccination (1.2% (5) versus 1.1% (3) in RTS,S and control groups,
respectively), differences emerged later on during the study period
(1.9% (7) versus 0 in the RTS,S and control groups, respectively).
Among these 7 fatal SAEs reported after M24, 2 bacterial menin-
gitis cases and 2 severe malaria cases were reported
(Supplementary Table 2). There were no SAEs, including SAEs
with a fatal outcome, that were considered causally-related to
RTS,S/AS01E and no pIMDs reported during the entire study
follow-up period. More data on meningitis cases, severe malaria
and mortality overall and by gender will be coming from the
ongoing large-scale pilot implementations of the vaccine in
Malawi, Ghana and Kenya, as recommended by the WHO. No
gender-specific mortality imbalance was observed within the RTS,
S groups.

Follow-up of a large pool of children for 4–5 years is
difficult to achieve and presents a clear strength of this study.
A limitation of the study is the open label design. Overall, there
were no non-responders and seroprotection against HepB was
achieved in participants irrespective of the treatment group
they were allocated to.

Figure 2 represents a Focus onPatient Section,which elaborates
on the research clinical relevance that could be shared to patients
by Health Care Professionals.

Figure 2. Focus on patient section.
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Conclusions

Anti-HBs priming with the RTS,S/AS01E malaria vaccine is effec-
tive and results in a memory response to HBsAg as shown by the
booster response leading to anti-HBs antibody GMCs after the
additional dose of HepB vaccine 4 years post-priming at least as
high as the licensed HepB vaccine.
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influenzae type b
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PIMDs potential immune-mediated disorders
RF1 epitope an immunogenic epitope of hepatitis B virus recognized

by neutralizing antibody RF1
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