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Abstract

Background—To optimize vaccine implementation visits for young children, it could be 

efficient to administer the first RTS,S/AS01 malaria vaccine dose during the Expanded Programme 

on Immunization (EPI) visit at 6 months of age together with Vitamin A supplementation and the 

third RTS,S/AS01 dose on the same day as yellow fever (YF), measles and rubella vaccines at 9 

months of age. We evaluated the safety and immunogenicity of RTS,S/AS01 when co-

administered with YF and combined measles-rubella (MR) vaccines.

Methods—In this phase 3b, open-label, controlled study (NCT02699099), 709 Ghanaian 

children were randomized (1:1:1) to receive RTS,S/AS01 at 6, 7.5 and 9 months of age, and YF 

and MR vaccines at 9 or 10.5 months of age (RTS,S coad and RTS,S alone groups, respectively). 

The third group received YF and MR vaccines at 9 months of age and will receive RTS,S/AS01 at 

10.5, 11.5 and 12.5 months of age (Control group). All children received Vitamin A at 6 months of 

age. Non-inferiority of immune responses to the vaccine antigens was evaluated 1 month 

following co-administration versus RTS,S/AS01 or EPI vaccines (YF and MR vaccines) alone 

using pre-defined non-inferiority criteria. Safety was assessed until Study month 4.5.

Results—Non-inferiority of antibody responses to the anti-circumsporozoite and anti-hepatitis B 

virus surface antigens when RTS,S/AS01 was co-administered with YF and MR vaccines versus 
RTS,S/AS01 alone was demonstrated. Non-inferiority of antibody responses to the measles, 

rubella, and YF antigens when RTS,S/AS01 was co-administered with YF and MR vaccines 

versus YF and MR vaccines alone was demonstrated. The safety profile of all vaccines was 

clinically acceptable in all groups.

Conclusions—RTS,S/AS01 can be co-administered with Vitamin A at 6 months and with YF 

and MR vaccines at 9 months of age during EPI visits, without immune response impairment to 

any vaccine antigen or negative safety effect.

Keywords
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1 Introduction

An estimated 219 million malaria cases and 435 000 deaths from malaria occurred 

worldwide in 2017 [1]. Africa accounted for more than 90% of malaria cases and deaths, 

and children younger than five years were the most vulnerable age group [1,2]. Current 

malaria control measures rely on chemoprophylaxis and vector control interventions [1,3]. 

Although these methods have contributed to the decline in the number of malaria cases, 

complementary tools, such as vaccines, are needed, especially since anti-malarial drug and 

insecticide resistance continue to increase [1].

In this context, the pre-erythrocytic Plasmodium falciparum malaria vaccine (RTS,S/AS01, 

GSK vaccine) has been developed [4]. RTS,S/AS01 has received a positive scientific opinion 
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from the European Medicines Agency under an Article 58 regulatory procedure in July 2015 

[5]. The WHO recommended pilot implementation of RTS,S/AS01 as a four-dose regimen 

in African settings with moderate-to-high malaria transmission [6]. The first dose should be 

administered after the age of 5 months and should be followed by the second and third doses 

with a minimum interval of 4 weeks and the third dose completed by 9 months of age. The 

fourth dose should be given around the second birthday.

The EPI delivery system is an effective means of achieving rapid high vaccination coverage 

in Africa. Co-administration of multiple vaccines ensures that children are protected when 

they need it most, reduces the number of vaccination visits required, and allows an easier 

incorporation of new vaccines into existing schedules. However, the risks of immune 

interference or enhancing effects of the co-administered vaccines always need to be 

evaluated before their incorporation into an existing immunization program [7–11]. In sub-

Saharan Africa, measles, rubella and yellow fever (YF) vaccines are given at 9 months of 

age [12]. A previous phase 4 study conducted in The Gambia has shown that the 

coadministration of a combined measles-rubella (MR) vaccine and a YF vaccine at 9 months 

of age was associated with a reduction in the anti-rubella and anti-YF antibody levels, which 

were further reduced by the concomitant administration of the IPV vaccine, but that 

seroconversion rates were maintained to both antigens [13]. In regions with Vitamin A 

deficiency, the WHO recommends Vitamin A supplementation twice yearly for children 6–

59 months of age [14]. Co-administration with Vitamin A and with MR and YF vaccines 

would therefore facilitate the implementation of RTS,S/AS01. In a previous study, the co-

administration of RTS,S/AS01 with YF and measles vaccines at 9 months of age did not 

show immunological interferences for the YF and measles immune responses [11]. 

However, the study design did not allow for the evaluation of the impact of co-

administration on the anti-CS antibody response and was conducted in infants 6 weeks of 

age at the first dose with co-administration of RTS,S/AS01 with rubella vaccine not 

assessed. The present study evaluated the immunogenicity, safety and reactogenicity of 

RTS,S/AS01 in co-administration with a YF and a MR vaccine in Ghanaian children. A 

summary contextualizing the results, the potential clinical research relevance, and the impact 

of our study is described in the Plain Language Summary (Fig. 1).

2 Methods

2.1 Study design and participants

This phase 3b, open-label, controlled study conducted in two centers in Ghana (Kintampo 

Health Research Center and Kwame Nkrumah University of Science & Technology/Agogo 

Presbyterian Hospital) started in May 2017. Here, we present results obtained up to March 

2018 (Study month 4.5; Fig. 2) following completion of all immunogenicity analyses. The 

safety results obtained up to the end of the study will be presented elsewhere.

Participants were randomized 1:1:1 in three groups: the RTS,S coad, the RTS,S alone and 

the Control group (Fig. 2). All children received Vitamin A at 6 months of age. Children in 

the RTS,S coad and RTS,S alone groups received three RTS,S/AS01 doses at 6, 7.5 and 9 

months of age, and the YF vaccine (Stamaril, Sanofi-Pasteur) and a combined MR vaccine 

(MR-VAC, Serum Institute of India) at 9 or 10.5 months of age, respectively. Children in the 
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Control group received the YF and combined MR vaccines at 9 months of age, according to 

the Ghanaian Expanded Programme on Immunization (EPI) [12], and will receive three 

RTS,S/AS01 doses at 10.5, 11.5 and 12.5 months of age during the continued follow-up of 

the trial. All children will receive a booster dose of RTS,S/AS01 approximately 20 months 

after the third dose of RTS,S/AS01. Participant allocation to a study group was performed 

using a centralized randomization system. The randomization algorithm used a minimization 

procedure accounting for center. The randomization of supplies within blocks was 

performed with SAS (Cary, NC, USA).

The study population consisted of healthy male or female children aged 6 months at the time 

of first vaccination and/or Vitamin A supplementation, who had documented evidence of 

previous vaccination with three consecutive doses of diphtheria, tetanus, whole-cell pertussis 

and hepatitis B vaccine (following vaccination with the pentavalent vaccine which included 

Hib), and oral polio vaccine, and whose parents/legally acceptable representatives provided 

written informed consent and were able to comply with the study procedures, as assessed by 

the investigators. Children with a history of previous vaccination against YF, measles or 

rubella, or previous administration of Vitamin A, were excluded from study participation. A 

full list of inclusion and exclusion criteria is provided in Supplementary text S1.

The study was conducted in accordance with the International Conference on Harmonization 

Guidelines for Good Clinical Practice, all applicable privacy requirements and the guiding 

principles of the Declaration of Helsinki. The study protocol and amendment, the informed 

consent forms and other information that required pre-approval were reviewed and approved 

by national and investigational center ethics committees and the Ghana Food and Drug 

Authority. Written/thumb printed and witnessed informed consent was obtained from the 

parents/legally acceptable representatives of each participant prior to the performance of any 

study-specific procedure. The study is registered at http://www.clinical-trials.gov 

(NCT02699099). The protocol is available at http://www.gsk-clinicalstudyregister.com 

(ID200596).

2.2 Study objectives

The primary objective was to demonstrate non-inferiority of the 1 month post-dose 3 

antibody response to the circumsporozoite (CS) antigen when the third dose of RTS,S/AS01 

was coadministered with the YF and MR vaccines compared to RTS,S/AS01 administered 

alone.

Secondary objectives included the demonstration of the noninferiority of the immune 

responses induced by the YF and MR vaccines when co-administered with the third dose of 

RTS,S/AS01 compared to their administration without RTS,S/AS01. The noninferiority of 

the hepatitis B virus surface antigen (HBs) immune response was also calculated when the 

third dose of RTS,S/AS01 was co-administered with the YF and MR vaccines compared to 

RTS,S/AS01 administered alone. The antibody responses to CS, HBs, measles, rubella and 

YF antigens were evaluated following vaccination in all groups, and the safety and 

tolerability of RTS,S/AS01 and co-administered vaccines were assessed.
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2.3 Study vaccines

The RTS,S/AS01 malaria vaccine contains the RTS,S hybrid antigen, a portion of the 

Plasmodium falciparum CS protein fused to HBs, co-expressed with unfused HBs in yeast. 

The composition of the RTS,S/AS01 vaccine was previously described in detail [4].

The MR vaccine was a live attenuated measles virus and rubella virus vaccine containing 

1000CCID50 of Edmonston-Zagreb measles virus and 1000CCID50 of Wistar RA 27/3 

rubella virus. The live attenuated YF vaccine contained the 17D strain of the YF virus.

Each dose of RTS,S/AS01 (0.5 ml) was administered as an intramuscular injection in the left 

deltoid region of the arm. Each dose of MR vaccine (0.5 ml) was administered 

subcutaneously into the left anterolateral thigh. The YF vaccine (0.5 ml) was administered 

intramuscularly into the right anterolateral thigh. A single 100 000 international units (IU) 

dose of Vitamin A (30 mg retinol equivalent) was administered orally.

2.4 Immunogenicity assessment

Blood samples were collected at pre-vaccination (all groups), before and 1 month after the 

third dose of RTS,S/AS01 (RTS,S coad and RTS,S alone groups) and before and 1 month 

post-vaccination with the MR and YF vaccines (RTS,S coad and Control groups) (Fig. 2).

Anti-CS antibodies were quantified by enzyme-linked immunosorbent assay (ELISA) at the 

Center for Vaccinology (Ghent, Belgium) with a cut-off of 1.9 ELISA units (EU)/mL. 

Antirubella and anti-measles antibodies were quantified by ELISA at GSK laboratory 

(Clinical Laboratory Sciences in Rixensart and Wavre, Belgium; NEOMED-LABS Inc, 

Canada) with cut-offs of 4 international units (IU)/mL and 150 mIU/mL, respectively. Anti-

YF antibodies were quantified by plaque neutralization assay at Focus Diagnostics, Inc 

(Cypress, United States) with a cut-off of 10 (endpoint dilution 50 [ED50]). Anti-HBs 

antibodies were quantified by chemiluminescence enzyme immunoassay at GSK laboratory 

with a cut-off of 6.2 mIU/mL.

Seroprotection rates for anti-HBs antibodies were defined as percentages of children with 

antibody concentrations ≥ 10 mIU/mL. Seroconversion rates for anti-measles antibodies 

were defined as percentages of children with a pre-vaccination anti-measles antibody 

concentration < 150 mIU/mL and a post-vaccination anti-measles antibody concentration ≥ 

150 mIU/mL. Seroconversion rates for anti-rubella antibodies were defined as percentages 

of children with a pre-vaccination anti-rubella antibody concentration ≥ 4 IU/mL and a post-

vaccination anti-rubella antibody concentration < 4 IU/mL.

2.5 Safety and reactogenicity assessment

Solicited local adverse events (AEs) (injection site pain, redness and swelling), solicited 

general AEs (drowsiness, fever, irritability/fussiness, loss of appetite and presence of 

measles/rubella-like rash) were collected over a 7-day follow-up period (day of vaccination 

and 6 subsequent days) after administration of study vaccines at 6 and 7.5 months of age and 

over a 14-day follow-up period (day of vaccination and 13 subsequent days) after the 

vaccination at 9 months of age. A 14-day safety follow-up period was applied at 9 months of 

age because the peak of fever usually occurs between 5 and 12 days following MR 
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vaccination [15]. The list of products administered, route and site of administration per study 

group at each visit is provided in Supplementary Table S1.

Unsolicited AEs were collected over a period of up to 30 days (day of vaccination and 29 

subsequent days) after administration of study vaccines at 6 and 7.5 months of age and over 

a 42-day period (day of vaccination and 41 subsequent days) after the vaccination at 9 

months of age. The occurrence of serious AEs (SAEs) and potential immune-mediated 

diseases (pIMDs) was recorded during the entire study period (Study month 33 for the 

RTS;S coad and RTS,S alone groups and Study month 36 for the Control group), but are 

presented up to Study month 4.5 here. Other AEs of specific interest were also collected: 

meningitis occurring during the entire study period, all seizures occurring within 30 days 

after administration of study vaccines at 6 and 7.5 months of age and within 42 days after 

the vaccination at 9 months of age, and generalized convulsive seizures occurring over a 7-

day follow-up period after administration of study vaccines at 6 and 7.5 months of age and 

over a 14-day follow-up period after the vaccination at 9 months of age.

All AEs were graded on scale of 1 (mild) to 3 (severe). AEs with a grade 3 intensity were 

defined as injection site redness and swelling with a diameter > 20 mm, fever with 

temperature > 39.0 °C, and preventing normal daily activity for all other AEs. Solicited AEs 

were recorded on diary cards by trained study personnel who visited the children. 

Unsolicited AEs were recorded through passive surveillance at inpatient and outpatient 

facilities and during study visits. All solicited local reactions were considered causally 

related to vaccination. The causality of all other AEs was assessed by the investigator.

The study was overseen by an Independent Data Monitoring Committee operating under a 

charter and assisted by two Local Safety Monitors.

2.6 Statistical analyses

Assuming a drop-out rate of 12%, 233 children were planned to be enrolled in each group to 

have 205 evaluable children per group. For the primary endpoint, the study had ≥90% power 

to rule out a two-fold decrease in anti-CS antibody geometric mean concentrations (GMCs) 

in the RTS,S coad group versus the RTS,S alone group with a two-sided 5% alpha level and 

an assumed anti-CS log standard deviation ≤0.9. For the secondary endpoints, the study had 

>90% power to demonstrate non-inferiority in terms of seroconversion for anti-rubella [16] 

and anti-measles antibodies [17], and >99% power to demonstrate non-inferiority in terms of 

seropositivity for anti-YF antibodies [17] in the RTS,S coad group compared with the 

Control group, assuming that seroconversion and seropositivity rates of 90% and 95% would 

be reached, based on previous studies.

Safety was assessed in the exposed set, which included all children who received at least one 

study treatment (study vaccine or Vitamin A). Immunogenicity results are presented for the 

per-protocol set for immunogenicity, which included all evaluable children meeting all 

eligibility criteria, complying with the protocol, and with no elimination criteria during the 

study.
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Non-inferiority of the anti-CS and anti-HBs immune responses in the RTS,S coad group 

compared to the RTS,S alone group was defined as an upper limit (UL) of the two-sided 

95% confidence interval (CI) around the anti-CS and anti-HBs antibody GMC ratio (RTS,S 

alone group/RTS,S coad group) < 2 at 1 month after the third RTS,S/AS01 dose. Non-

inferiority of the anti-YF, anti-measles and anti-rubella immune responses in the RTS,S coad 

group compared with the Control group was defined as an UL of the 95% CIs around the 

differences (Control group minus RTS,S coad group) in seroconversion rates for anti-

measles and anti-rubella antibodies and in seropositivity rates for anti-YF antibodies < 10% 

at 1 month post-YF and MR vaccination.

Seroprotection and seropositivity rates were calculated with their associated two-sided 95% 

CIs using the Clopper-Pearson method [18]. Differences in seroconversion rates for anti-

measles and anti-rubella antibodies and in seropositivity rates for anti-YF antibodies at 1 

month post-vaccination between groups (Control group minus Coad group) were calculated 

with their associated CIs using the Miettinen and Nurminen method [19]. Antibody GMCs/

geometric mean titers (GMTs) were calculated by taking the anti-log of the mean of the 

logarithmical transformations. Antibody concentrations/titers below the assay cut-off were 

given an arbitrary value of half the cut-off for GMC/GMT calculations. The 95% CIs of the 

means of log-transformed concentrations/titers were obtained assuming that log-transformed 

concentrations/titers were normally distributed with unknown variance. The 95% CIs of 

GMCs/GMTs were then obtained by exponential transformations of the 95% CIs for the 

means of the log-transformed concentrations/titers. The between groups GMC ratios (RTS,S 

alone group/RTS,S coad group) at 1 month after the third dose of RTS,S/AS01 were 

obtained using an analysis of variance (ANOVA) model that included the study group as 

fixed effect. The GMC ratios and their two-sided 95% CIs were derived as exponential 

transformations (base 10) of the corresponding group contrasts in the model. The number 

and percentages of doses followed by solicited AEs and the number and percentages of 

children with unsolicited AEs were tabulated with exact 95% CIs. Statistical analyses were 

performed using the Statistical Analysis System (SAS) statistical software package version 

9.2. (SAS Institute Inc., Cary, NC, USA).

3 Results

3.1 Study population

Out of 759 children for whom an informed consent form was signed, 709 were randomized 

to the three study groups (Fig. 3). Of the randomized children, 699 were vaccinated (231 in 

the RTS,S coad group, 236 in the RTS,S alone group and 232 in the Control group) and 687 

were still continuing the study at the data lock point for this analysis. A total of 648 children 

were included in the per-protocol set for immunogenicity (209 in the RTS,S coad group, 218 

in the RTS,S alone group and 221 in the Control group) (Fig. 3). The demographic 

characteristics of the children included in the three study groups were similar (Table 1).

3.2 Immunogenicity

3.2.1 Immune response to RTS,S/AS01—At pre-vaccination, anti-CS antibody 

seropositivity rates were low in the RTS,S coad and the RTS,S alone groups, ranging from 
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0.5% to 0.9%. One month after the third dose of RTS,S/AS01, seropositivity rates for anti-

CS antibodies were 99.5% and 100%, and anti-CS antibody GMCs were 452.9 and 422.5 

EU/mL in the RTS,S coad and the RTS,S alone groups, respectively (Table 3), with similar 

reverse cumulative curves (RCCs) of the distribution of anti-CS antibody concentrations 

(Fig. 4A). The primary objective was met as the anti-CS antibody response was shown to be 

noninferior in the RTS,S coad group compared to the RTS,S alone group. The UL of the 

two-sided 95% CI around the anti-CS GMC ratio (RTS, S alone group/RTS,S coad group) 

was 1.07, which was below the pre-defined criterion for non-inferiority of 2 (Table 2).

At pre-vaccination, anti-HBs antibody seroprotection rates were high in the RTS,S coad 

(95.6%) and the RTS,S alone groups (96.2%). Anti-HBs antibody GMCs further increased 

from 393.3 to 42096.3 mIU/mL in the RTS,S coad group and from 420.8 to 43261.2 

mIU/mL in the RTS,S alone group between pre-vaccination and 1 month after the third dose 

of RTS,S/AS01, resulting in 100% anti-HBs antibody seroprotection rates in both groups 

(Table 3) and overlapping RCCs of the distribution of anti-HBs antibody concentrations 

(Fig. 4B). Anti-HBs antibody response was shown to be noninferior in the RTS,S coad 

group compared to the RTS,S alone group. The UL of the two-sided 95% CI around the anti-

HBs GMC ratio (RTS,S alone group/RTS,S coad group) was 1.29, which was below the pre-

defined criterion for non-inferiority of 2 (Table 2).

3.2.2 Immune response to co-administered vaccines—At pre-vaccination, 

seropositivity rates for anti-measles and anti-rubella antibodies were low in the RTS,S coad 

and the Control groups, ranging from 0.0% to 2.4%. One month post-vaccination, 

seropositivity rates were 96.1% and 98.2% against measles, 99.5% and 100% against 

rubella, and 98.1% and 98.6% against YF in the RTS,S coad and the Control groups, 

respectively (Table 3). RCCs of the distribution of 1 month post-vaccination anti-measles, 

antirubella and anti-YF antibody concentrations were very similar between the RTS,S coad 

and the Control groups (Fig. 4C, D and E). One month post-vaccination, anti-measles, anti-

rubella, and anti-YF antibody responses were shown to be non-inferior in the RTS,S coad 

group compared to the Control group. The ULs of the 95% CIs around the differences 

(Control group minus RTS,S coad group) in seroconversion rates of anti-measles and anti-

rubella antibodies, and seropositivity rates of anti-YF antibodies were 5.92%, 2.80% and 

3.67% respectively, which were below the predefined criteria for non-inferiority of 10% 

(Table 2).

3.3 Safety

At the data lock point, children in the RTS,S coad and RTS,S alone groups had received 3 

doses of RTS,S/AS01, while those in the Control group had not received any RTS,S/AS01 

dose. Overall, following administration of the three doses of RTS,S/AS01, pain was the most 

frequently reported solicited local AE at the RTS,S/AS01 injection site in children who 

received the third dose of RTS,S/AS01 either co-administered with MR and YF vaccines 

(RTS,S coad group; following 5.3% of doses) or alone (RTS,S alone group; following 5.4% 

of doses) (Table 4). Grade 3 solicited local AEs were uncommon (0–0.1% of doses overall) 

in both groups. The most frequently reported solicited general symptom was low-grade fever 

(temperature ≥ 37.5 °C) in all groups (following 19.7% and 18.2% of doses in the RTS,S 
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coad and the RTS,S alone groups, respectively) (Table 4). Grade 3 fever (temperature > 39.0 

°C) was reported following ≤ 1.3% of doses in both groups.

At 9 months of age, the RTS,S coad group received their third RTS,S/AS01 dose together 

with YF and MR vaccines, the RTS,S alone group received their third dose of RTS,S/AS01 

alone, and the Control group received the YF and MR vaccines. Pain at the RTS,S/AS01 

injection site was reported at similar incidences in the RTS, S coad and the RTS,S alone 

groups (3.6% and 4.4% of children) (Table 5). Pain at the YF and MR injection sites was 

reported for 3.2% and 3.7% of children in the RTS,S coad group, respectively, and for 0.4% 

of children (for each injection site) in the Control group. Redness and swelling were 

infrequent irrespective of the injection site in all groups (≤1.4% of children). No grade 3 

solicited local AEs were reported. At 9 months of age, the most frequently reported solicited 

general AE in all groups was fever, reported at similar incidences in the RTS,S coad and the 

RTS,S alone groups (24.4% and 21.8% of children) but at a lower incidence in the Control 

group (7.6% of children). Grade 3 fever was reported by ≤ 1.4% of children in all groups 

(Table 5).

Overall, unsolicited AEs were similar in nature and intensity in all groups. Comparable 

incidences were reported in the three groups (82.7%, 78.8% and 75.0% of children in the 

RTS,S coad, RTS,S alone and Control groups, respectively). Upper respiratory tract 

infections (48.1%, 45.3% and 43.5% of children in the RTS,S coad, RTS,S alone and 

Control groups, respectively) and gastroenteritis (35.1%, 37.7% and 31.9% of children in the 

RTS,S coad, RTS, S alone and Control groups, respectively) were the most frequently 

reported unsolicited AEs (Table 6 and Supplementary Table S2). Unsolicited AEs 

considered by the investigator as causally related to study vaccines were reported for two 

children in the RTS,S coad group (injection site inflammation considered related to RTS,S/

AS01 vaccination and increased intracranial pressure considered related to Vitamin A 

administration) and for one child in the RTS, S alone group (injection site abscess). No 

causally related unsolicited AEs were reported in the Control group. Grade 3 unsolicited 

AEs were reported in 3.9%, 1.7% and 3.0% of children in the RTS,S coad, RTS,S alone and 

Control groups, respectively; none were considered related to the study vaccines by the 

investigators.

Over the entire study period, there was no imbalance in the reporting of SAEs between 

groups (6.1%, 5.1% and 9.1% of children in the RTS,S coad, RTS,S alone and Control 

groups, respectively). Two fatal SAEs were reported: one child in the RTS,S coad group died 

from septic shock due to pneumococcal sepsis and the other death in the Control group, 

which occurred prior to vaccination, was concluded to be of unknown cause despite 

investigations and efforts to obtain a verbal autopsy. None of the SAEs were assessed by the 

investigators as related to vaccination or Vitamin A administration. No pIMDs, meningitis or 

seizures were reported during the study period.

4 Discussion

We evaluated whether RTS,S/AS01 could be integrated into the EPI schedule to potentially 

limit the number of visits for parents and maximize the compliance. Therefore, we assessed 
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the safetyand immunogenicity of RTS,S/AS01 when co-administered with Vitamin A 

supplementation at 6 months of age, given alone at 7.5 months of age, and co-administered 

with YF and MR vaccines at 9 months of age in Ghanaian children. We evaluated whether 

the co-administration of RTS,S/AS01 and vaccines included in the EPI schedule interfered 

with immune responses to any antigen and whether a clinically acceptable safety profile was 

maintained.

We demonstrated the non-inferiority of the anti-CS, anti-HBs, anti-measles, anti-rubella and 

anti-YF immune responses induced by the concomitant administration of the third dose of 

RTS,S/AS01 with a MR vaccine and a YF vaccine compared to their separate 

administration. Non-inferiority of the anti-measles and anti-YF immune responses when the 

third dose of RTS,S/AS01 was coadministered with the YF vaccine and another measles 

vaccine (Rouvax, Aventis Pasteur), compared with the EPI vaccines given alone, has been 

shown in a previous study conducted in infants 6-10 weeks of age who received RTS,S/

AS01 according to a 0, 1 and 7 months vaccination schedule [11]. However, in this previous 

study, the non-inferiority of the anti-CS and anti-HBs immune responses was not assessed 

and RTS,S/AS01 was not coadministered with a rubella-containing vaccine. Our study 

demonstrates thus for the first time that the co-administration of RTS,S/AS01 with these EPI 

vaccines does not negatively impact the immune responses induced by RTS,S/AS01. Since 

the combined MR vaccine is currently the vaccine of choice for EPI, it is also reassuring that 

its co-administration with RTS,S/AS01 does not negatively affect the humoral responses to 

the rubella antigen.

The similar anti-CS and anti-HBs antibody GMCs and reverse cumulative distribution 

curves observed in children who received the third dose of RTS,S/AS01 co-administered 

with MR and YF vaccines versus RTS,S/AS01 alone are in line with the results of the 

previous study conducted in younger children who received the third RTS,S/AS01 dose (0, 

1, 7-month schedule) co-administered with the YF vaccine and another measles vaccine 

[11]. The results of the previous study suggested that the co-administered vaccines did not 

interfere with the immune responses induced by RTS,S/AS01, even though a formal non-

inferiority assessment was not performed. Likewise, the similar distribution of anti-measles 

and anti-YF antibody concentrations in our study and in the previous study in infants further 

demonstrated that measles and YF vaccines can be concomitantly administered with RTS,S/

AS01 without impairment of the immune response to either vaccine antigen [11]. Moreover, 

the similar anti-rubella antibody concentrations and distribution in children who received the 

MR and YF vaccines with or without RTS,S/AS01 showed for the first time that there was 

no interference with the immune response to the rubella antigen upon co-administration of 

the MR vaccine with RTS,S/AS01. Since the anti-CS and anti-HBs antibody responses 

measured in our study were in line with previous observations, our results also suggest that 

the first RTS,S/AS01 dose can be co-administered with the Vitamin A supplementation at 6 

months of age [20–22].

In our study, the RTS,S/AS01 vaccine was given within the age range recommended by the 

WHO for its pilot implementation [6], but the interval between the three primary doses was 

longer (6 weeks) than in the schedule evaluated in a previous phase 3 efficacy study in 

children aged 5-17 months (4 weeks) [20–22]. Since the anti-CS antibody responses were in 
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the range of what was previously observed, our results suggest that there is some potential 

flexibility in the RTS,S/AS01 vaccination schedule. As previously observed [7], the RTS,S/

AS01 vaccine also had a positive effect on the anti-HBs antibody GMCs due to the 

adjuvanted HepB vaccine component. Each dose of RTS,S/AS01 boosted the anti-HBs 

immune response.

Co-administration of EPI vaccines in infants is common practice even if it results in some 

increased reactogenicity [23]. In our study, the safety and reactogenicity profiles of all 

vaccines were clinically acceptable in the three groups. No safety concerns related to 

vaccination were identified during the entire study and no imbalance was observed between 

groups in terms of reported unsolicited AEs and SAEs. Pain at any injection site and fever 

tended to be reported more frequently when all three vaccines were co-administered as 

compared to administration of YF and MR vaccines alone, but incidences were within the 

same ranges as those observed after administration of RTS,S/AS01 alone and the reported 

pain and fever were predominantly mild or moderate. Similar results were also obtained in 

the previous study conducted in younger infants, where the occurrence of fever was more 

frequent upon co-administration of RTS,S/AS01 with YF and measles vaccines than after 

administration of YF and measles vaccines alone [11]. The similar incidence of post-

vaccination fever when RTS,S/AS01 was given alone or co-administered with YF and MR 

vaccines and the absence of febrile convulsions in our study are important findings because 

an increased incidence of febrile convulsions was previously observed post-RTS,S/AS01 

vaccination [24]. There were a limited number of malaria cases, which were observed with 

comparable proportions in both RTS,S/AS01 vaccinated groups and with a higher proportion 

in the Control group. The absence of pIMDs and meningitis and the fact that the two 

coincidental fatalities were not related to vaccination were also reassuring.

The main strengths of this study were that it was powered to demonstrate the non-inferiority 

of the immune responses to all antigens induced by the co-administered vaccines compared 

to their separate administration and the results were conclusive. The randomized design 

allowed a comparable demographic profile of children in the three groups. However, this 

study was limited by its open-label design due to the between-group differences in 

immunization schedules. The open-label design might have induced some level of bias in the 

safety assessments but not in the immunogenicity results since the laboratories where the 

assays were performed were blinded to the treatment.

5 Conclusion

The results of this study demonstrated that RTS,S/AS01 can be concomitantly administered 

with Vitamin A at 6 months of age, given alone at 7.5 months of age and co-administered 

with YF and MR vaccines at 9 months of age without impairment of the immune response to 

either vaccine antigen or a negative safety effect. The safety profile of RTS,S/AS01 when 

co-administered with the YF and MR vaccines was clinically acceptable and comparable to 

that of RTS,S/AS01 given alone. Co-administration of the first dose of RTS,S/AS01 with 

Vitamin A and of the third dose with YF and MR vaccines during the standard EPI visits 

would limit the number of immunization visits for parents and may contribute to maximize 

the adherence to the vaccination schedule.
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AE adverse event

CI confidence interval

CS circumsporozoite

ED50 endpoint dilution 50

ELISA enzyme-linked immunosorbent assay

EPI Expanded Programme on Immunization

EU ELISA units

GMC geometric mean concentration

GMT geometric mean titer

HBs hepatitis B virus surface antigen

IU international unit

MR combined measles-rubella

pIMD potential immune-mediated disease

RCC reverse cumulative curve

RTS,S/AS01 pre-erythrocytic Plasmodium falciparum malaria vaccine

SAE serious adverse event

UL upper limit

WHO World Health Organization
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Fig. 1. Plain language summary.

Asante et al. Page 15

Vaccine. Author manuscript; available in PMC 2021 July 15.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Fig. 2. 

Study design.  RTS.S/ASOl malaria vaccine;  vitamin A;  blood sampling; 

yellow fever vaccine;  combined measles-rubella vaccine; M, month. The data presented 

here are the results of an interim analysis where all the immunogenicity endpoints were 

analyzed. The study is currently ongoing and the highlighted area of the study design after 

the marking are not presented in this manuscript.
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Fig. 3. 
Flow of participants. The RTS,S coad group received the RTS,S/AS01 vaccines at 6, 7.5 and 

9 months of age and the YF and MR vaccines at 9 months of age; the RTS,S alone group 

received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age; and the Control group 

received the YF and MR vaccines at 9 months of age. N, number of children, M, month; 

RTS,S/AS01, pre-erythrocytic Plasmodium falciparum malaria vaccine; YF, yellow fever; 

MR, combined measles-rubella. *An informed consent form was signed for 9 children when 

the enrolment target was met and these children were not included in the study.
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Fig. 4. 
Reverse cumulative distributions of anti-CS (A), anti-HBs (B), anti-measles (C), anti-rubella 

(D), anti-YF (E) antibodies at 1 month after the third dose of RTS,S/AS01 vaccine (RTS,S 

coad and RTS,S alone groups) and at 1 month after the MR and YF vaccination (RTS,S coad 

and Control groups) - per-protocol set. The RTS,S coad group received the RTS,S/AS01 

vaccines at 6, 7.5 and 9 months of age and the YF and MR vaccines at 9 months of age; the 

RTS,S alone group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age; and the 

Control group received the YF and MR vaccines at 9 months of age. CS, circumsporozoite; 
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HBs, hepatitis B surface antigens; YF, yellow fever; MR, combined measles-rubella. (For 

interpretation of the references to colour in this figure legend, the reader is referred to the 

web version of this article.)
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Table 1
Summary of demographic characteristics at Vitamin A administration and/or RTS,S/
AS01 vaccination - exposed set.

RTS,S coad RTS,S alone Control

N = 231 N = 236 N = 232

Age (months), mean ± SD 6.3 ± 0.3 6.3 ± 0.3 6.3 ± 0.3

Male gender, n (%) 115 (49.8) 117 (49.6) 119 (51.3)

Mean length for age Z-score ± SD −0.5 ± 1.0 −0.5 ± 1.1 −0.6 ± 1.1

Mean weight for age Z-score ± SD −0.8 ± 1.1 −0.7 ± 1.1 −0.8 ± 1.1

RTS,S coad, children who received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age and the YF and MR vaccines at 9 months of age; RTS,S 
alone, children who received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age; Control, children who received the YF and MR vaccines at 9 
months of age; N, number of children; SD, standard deviation; n (%), number (percentage) of children in a given category; Z-score, SD score 
calculated as: (observed value minus the median value of the reference population) / standard deviation value of the reference population; YF, 
yellow fever; MR, combined measles-rubella. At Visit 2, RTS,S/AS01 was given with Vitamin A in the RTS,S coad and the RTS,S alone groups 
and the Control group received only Vitamin A.
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Table 2

Non-inferiority assessment of the anti-CS and anti-HBs antibody responses at 1 month after the third dose of 

RTS,S/AS01 vaccine (RTS,S coad and RTS,S alone groups) and of the anti-measles, anti-rubella and anti-YF 

antibody responses at 1 month after the MR and YF vaccination (RTS,S coad and Control groups) - per-

protocol set.

RTS,S alone RTS,S coad GMC ratio (RTS,S alone/RTS,S 
coad)

Antibody N GMC (95% CI) N GMC (95% CI) Value (95% CI)

Anti-CS (EU/mL) 213 422.49 (382.89–466.18) 207 452.87 (409.85–500.41) 0.93 (0.81–1.07)

Anti-HBs (mIU/mL) 210 43261.19 (36964.93–
50629.89)

204 42096.33 (35887.11–
49379.88)

1.03 (0.82–1.29)

RTS,S coad Control Absolute difference in percentage 
(Control minus RTS,S coad)

Antibody N % (95% CI) N % (95% CI) % (95% CI)

Anti-measles (mIU/mL) 204 96.08 (92.4–98.3) 216 98.15 (95.3–99.5) 2.07 (-1.27–5.92)

Anti-rubella (IU/mL) 199 99.50 (97.2–100.0) 212 100.00 (98.3–100.0) 0.50 (-1.29–2.80)

Anti-YF (ED50) 206 98.06 (95.1–99.5) 216 98.61 (96.0–99.7) 0.55 (-2.31–3.67)

The RTS,S coad group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age and the YF and MR vaccines at 9 months of age; the RTS,S 
alone group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age; and the Control group received the YF and MR vaccines at 9 months 
of age.
N, number of children with seronegative results at pre-vaccination and available post-vaccination results (for anti-measles and anti-rubella 
antibodies) or number of children with post-vaccination results available (anti-CS, anti-HBs and anti-YF antibodies); GMC, geometric mean 
concentration; CI, confidence interval; CS, circumsporozoite; HBs, hepatitis B surface antigens; %, percentage of seropositive (anti-YF), or 
seroconverted (anti-measles and anti-rubella children at 1 month post-vaccination; YF, yellow fever; MR, combined measles-rubella.
Bold: primary objective of the study. 
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Table 3
Immune responses before vaccination and at 1 month after the third dose of RTS,S/AS01 
vaccine (RTS,S coad and RTS,S alone groups) and prior to and at 1 month after the MR 
and YF vaccination (RTS,S coad and Control groups) - per-protocol set.

Antibody Parameter Timepoint RTS,S coad RTS,S alone Control

N Value (95% CI) N Value (95% CI) N Value (95% CI)

Anti-CS Seropositivity rate 
(concentration ≥ 1.9

Pre 209 0.5 (0.0–2.6) 218 0.9 (0.1–3.3) – –

EU/mL) Post 207 99.5 (97.3–100.0) 213 100.0(98.3–100.0) – –

GMC (EU/mL) Pre 209 0.96 (0.94–0.97) 219 0.96 (0.94–0.98) – –

Post 207 452.87 (406.99–503.92) 219 422.49 (385.42–
463.12)

– –

Anti-HBs Seropositivity rate 
(concentration ≥ 6.2

Pre 206 97.1 (93.8–98.9) 213 97.2 (94.0–99.0) – –

mIU/mL) Post 204 100.0 (98.2–100.0) 210 100.0 (98.3–
100.0)

– –

GMC (mIU/mL) Pre 206 393.29 (315.23–490.66) 213 420.79 (335.10–
528.39)

– –

Post 204 42096.33 (35558.62–
49836.05)

210 43261.19 
(37275.19–
50208.47)

− −

Seroprotection rate 
(concentration ≥ 10

Pre 206 95.6 (91.9–98.0) 213 96.2 (92.7–98.4) – –

mIU/mL) Post 204 100.0 (98.2–100.0) 210 100.0 (98.3–
100.0)

– –

Anti- measles Seropositivity rate Pre 206 0.0 (0.0–1.8)

− − (concentration ≥ 150 
mIU/mL)

220 0.0 (0.0–1.7)

Post 207 96.1 (92.5–98.3) – – 217 98.2 (95.3–99.5)

GMC (mIU/mL) Pre 206 <150* – – 220 <150*

Post 207 564.32 (511.88–622.13) − − 217 572.09 (523.83–
624.79)

Anti-
rubella

Seropositivity rate 
(concentration ≥ 4 
IU/mL)

Pre 206 2.4 (0.8–5.6) − − 220 1.8 (0.5–4.6)

Post 207 99.5 (97.3–100.0) – – 217 100.0 (98.3–
100.0)

GMC (IU/mL) Pre 206 2.08 (1.99–2.18) – – 220 2.09 (1.98–2.20)

Post 207 39.38 (35.20–44.06) − − 217 42.45 
(38.4246.92)

Anti-YF Seropositivity rate 
(Titre ≥ 10 ED50)

Post 206 98.1 (95.1–99.5) – – 216 98.6 (96.0–99.7)

GMT (ED50) Post 206 318.93 (269.65–377.21) 216 346.73 (296.62–
405.30)

The RTS,S coad group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age and the YF and MR vaccines at 9 months of age; the RTS,S 
alone group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age; and the Control group received the YF and MR vaccines at 9 months 
of age.
N, number of children with available results; CI, confidence interval; Anti-CS: antibodies to Plasmodium falciparum circumsporozoite (CS) 
protein; Anti-HBs: antibodies to hepatitis B surface antigen; Pre, pre-vaccination; Post, one month after the third dose of RTS,S/AS01 vaccine 
alone (RTS,S alone group), the third dose of RTS,S/AS01 vaccine given with YF and MR vaccines (RTS,S coad group) and the YF and MR 
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vaccines (Control group); GMC, geometric mean concentration; HBs, hepatitis B surface antigens; YF, yellow fever; GMT, geometric mean titer; 
MR, combined measles-rubella. * Indicates that all children were seronegative and had a value below the cut-off of the assay.

Vaccine. Author manuscript; available in PMC 2021 July 15.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Asante et al. Page 24

Table 4
Overall incidence of solicited local and general adverse events reported following 3 doses 
of the RTS,S/AS01 vaccine in the RTS,S coad and RTS,S alone groups (overall per dose) - 
exposed set.

Symptoms RTS,S coad RTS,S alone

N n % (95% CI) N n % (95% CI)

Solicited local adverse events at the RTS,S/AS01 injection site

Pain 675 36 5.3 (3.8–7.3) 698 38 5.4 (3.9–7.4)

Redness 675 11 1.6 (0.8–2.9) 698 16 2.3 (1.3–3.7)

Swelling 675 15 2.2 (1.2–3.6) 698 15 2.1 (1.2–3.5)

Solicited general adverse events

Drowsiness 676 17 2.5 (1.5–4.0) 698 15 2.1 (1.2–3.5)

Irritability/Fussiness 676 36 5.3 (3.8–7.3) 698 43 6.2 (4.5–8.2)

Loss of appetite 676 19 2.8 (1.7–4.4) 698 24 3.4 (2.2–5.1)

Measles/Rubella-like rash 676 0 0.0 (0.0–0.5) 698 0 0.0 (0.0–0.5)

Fever*

   All 676 133 19.7 (16.7–22.9) 698 127 18.2 (15.4–21.3)

   Grade 3 676 9 1.3 (0.6–2.5) 698 6 0.9 (0.3–1.9)

The RTS,S coad group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age and the YF and MR vaccines at 9 months of age; the RTS,S 
alone group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age.
N, number of documented doses on all visits combined; n, number of doses followed by the symptom after all visits; %, percentage of doses 
followed by the symptom after all visits; CI, confidence interval.

*
Fever was defined as temperature ≥ 37.5 °C for oral, axillary or tympanic route. Grade 3 Fever was defined as temperature > 39.0 °C.
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Table 5
Incidence of solicited adverse events reported during the 14-day follow-up period post-
vaccination at 9 months of age - exposed set.

Symptom and vaccine site RTS,S coad RTS,S alone Control

N n % (95% CI) N n % (95% CI) N n % (95% CI)

Solicited local adverse events

Pain

   RTS,S/AS01 dose 3 site 220 8 3.6 (1.6–7.0) 228 10 4.4 (2.1–7.9) – – –

   Combined measles-rubella vaccine site 218 8 3.7 (1.6–7.1) – – – 225 1 0.4 (0.0–2.5)

   Yellow fever vaccine site 218 7 3.2 (1.3–6.5) – – – 225 1 0.4 (0.0–2.5)

Redness

   RTS,S/AS01 dose 3 site 220 0 0.0 (0.0–1.7) 228 1 0.4 (0.0–2.4) – – –

   Combined measles-rubella vaccine site 218 0 0.0 (0.0–1.7) – – – 225 2 0.9 (0.1–3.2)

   Yellow fever vaccine site 218 0 0.0 (0.0–1.7) – – – 225 2 0.9 (0.1–3.2)

Swelling

   RTS,S/AS01 dose 3 site 220 3 1.4 (0.3–3.9) 228 3 1.3 (0.3–3.8) – – –

   Combined measles-rubella vaccine site 218 0 0.0 (0.0–1.7) – – – 225 1 0.4 (0.0–2.5)

   Yellow fever vaccine site 218 0 0.0 (0.0–1.7) – – – 225 1 0.4 (0.0–2.5)

Solicited general adverse events

Drowsiness 221 7 3.2 (1.3–6.4) 229 6 2.6 (1.0–5.6) 225 0 0.0 (0.0–1.6)

Irritability/Fussiness 221 11 5.0 (2.5–8.7) 229 8 3.5 (1.5–6.8) 225 1 0.4 (0.0–2.5)

Loss of appetite 221 8 3.6 (1.6–7.0) 229 6 2.6 (1.0–5.6) 225 2 0.9 (0.1–3.2)

Measles/Rubella-like rash 221 0 0.0 (0.0–1.7) 0 0.0 (0.0–1.6) 225 0 0.0 (0.0–1.6)

Fever*

   All 221 54 24.4(18.9–30.6) 229 50 21.8 (16.7–27.8) 225 17 7.6 (4.5–11.8)

   Grade 3 221 3 1.4 (0.3–3.9) 229 2 0.9 (0.1–3.1) 225 2 0.9 (0.1–3.2)

The RTS,S coad group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age and the YF and MR vaccines at 9 months of age; the RTS,S 
alone group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age; and the Control group received the YF and MR vaccines at 9 months 
of age.
N, Number of children with the corresponding documented dose; n, number of children in whom the symptom was reported following the 
corresponding dose; %, percentage of children in whom the symptom was reported following the corresponding dose; CI, confidence interval; 
RTS,S/AS01, pre-erythrocytic Plasmodium falciparum malaria vaccine; YF, yellow fever; MR, combined measles-rubella.

*
Fever was defined as temperature ≥ 37.5 °C for oral, axillary or tympanic route, or ≥ 38.0 °C for rectal route. The preferred route for recording 

temperature was axillary. Grade 3 Fever was defined as temperature > 39.0 °C.
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Table 6
Percentage of children reporting the most common (occurrence > 5% in at least one 
group) unsolicited adverse events - exposed set.

RTS,S coad N = 231 RTS,S alone N = 236 Control N = 232

Unsolicited adverse events in all children n % (95%CI) n % (95% CI) n % (95% CI)

All 191 82.7 (77.2–87.3) 186 78.8 (73.0–83.8) 174 75.0 (68.9–80.4)

Grade 3 9 3.9 (1.8–7.3) 4 1.7 (0.5–4.3) 7 3.0 (1.2–6.1)

Unsolicited adverse events reported by > 5% of children

Enteritis 27 11.7 (7.8–16.5) 27 11.4 (7.7–16.2) 20 8.6 (5.3–13.0)

Conjunctivitis 19 8.2 (5.0–12.5) 17 7.2 (4.3–11.3) 14 6.0 (3.3–9.9)

Dermatitis infected 7 3.0 (1.2–6.1) 18 7.6 (4.6–11.8) 13 5.6 (3.0–9.4)

Gastroenteritis 81 35.1 (28.9–41.6) 89 37.7 (31.5–44.2) 74 31.9 (25.9–38.3)

Malaria 37 16.0 (11.5–21.4) 37 15.7 (11.3–21.0) 54 23.3 (18.0–29.3)

Otitis media 15 6.5 (3.7–10.5) 20 8.5 (5.3–12.8) 10 4.3 (2.1–7.8)

Pneumonia 32 13.9 (9.7–19.0) 25 10.6 (7.0–15.2) 19 8.2 (5.0–12.5)

Respiratory tract infection 43 18.6 (13.8–24.2) 52 22.0 (16.9–27.9) 42 18.1 (13.4–23.7)

Rhinitis 9 3.9 (1.8–7.3) 12 5.1 (2.7–8.7) 7 3.0 (1.2–6.1)

Upper respiratory tract infection 111 48.1 (41.5–54.7) 107 45.3 (38.9–51.9) 101 43.5 (37.1–50.2)

Dermatitis 12 5.2 (2.7–8.9) 16 6.8 (3.9–10.8) 8 3.4 (1.5–6.7)

The RTS,S coad group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age and the YF and MR vaccines at 9 months of age; the RTS,S 
alone group received the RTS,S/AS01 vaccines at 6, 7.5 and 9 months of age; and the Control group received the YF and MR vaccines at 9 months 
of age.
N, number of children with at least one documented dose; n, number of children in whom the symptom was reported at least once; %, percentage of 
children in whom the symptom was reported at least once; CI, confidence interval; YF, yellow fever; MR, combined measles-rubella.
The follow-up period for unsolicited AEs was 30 days post-vaccination for the doses given at 6 and 7.5 months of age, and 42 days post-
vaccination for the doses given at 9 months of age.
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