
Supplementary Figures  

Supplementary Table 1. RTS,S/AS01E booster and long-term immunogenicity for total IgG, IgG1-4 subclasses and IgM against vaccine antigens: Non-parametric test p-values for 
comparison of the booster response (M20 vs M21) and the long-term immunogenicity (M21 vs M32), as well as to compare the R3C and R3R groups at each timepoint. for 
RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). Adjusted p values are shown in parenthesis. P-values <0.05 before adjustment are highlighted 
in yellow and P-values <0.001 before adjustment in green. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. 
C3C: three doses of a comparator vaccine and a comparator booster.
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Supplementary Figure 1. Antibody responses against vaccine antigens CSP FL and CSP NANP for months (M) 0, 3, 20, 21 and 32 for IgG, 
IgG1, IgG2, IgG3, IgG4 and IgM. Line time plots connecting levels for each individual. The y axis is in logarithm 10 scale. Data from months 
0 and 3 were obtained from a previous study in the same individuals [5], thus a batch effect might be present. R3R: three doses of 
RTS,S/AS01E and a RTS,S/AS01E booster at month 20. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a 
comparator vaccine and a comparator booster. Children age 5-17 months are shown in orange and infants age 6-12 weeks at first 
immunization are shown in blue.   
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Supplementary Figure 2. Antibody responses against vaccine antigens CSP Cterm and HBsAg for months (M) 0, 3, 20, 21 and 32 for IgG, 
IgG1, IgG2, IgG3, IgG4 and IgM. Line time plots connecting levels for each individual. The y axis is in logarithm 10 scale. Data from months 
0 and 3 were obtained from a previous study in the same individuals [5], thus a batch effect might be present. R3R: three doses of 
RTS,S/AS01E and a RTS,S/AS01E booster at month 20. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a 
comparator vaccine and a comparator booster. Children age 5-17 months are shown in orange and infants age 6-12 weeks at first 
immunization are shown in blue.    



 

Supplementary Table 2. RTS,S/AS01E booster and long-term immunogenicity for total IgG, IgG1-4 subclasses and IgM against vaccine antigens stratified by age: Non-parametric 
test p-values for comparison of the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect of age (children vs infants), adjusted p values are 
shown in parenthesis. RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). Children were age 5-17 months and infants 6-12 weeks at the time of 
first vaccination. P-values <0.05 before adjustment are highlighted in yellow.  

  



Supplementary Figure 3. RTS,S/AS01E booster and long-term immunogenicity stratified by age: Total IgG, IgG1-4 subclasses and IgM for 
CSP FL at month (M)20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). Stratified 
analysis by age, children (C) 5-17 months (red) and infants (I) 6-12 weeks (blue) at the moment of first vaccination. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect of age (children vs infants). P values are 
reported in supplementary tables. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster.  
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Supplementary Figure 4. RTS,S/AS01E booster and long-term immunogenicity stratified by age: Total IgG, IgG1-4 subclasses and IgM for 
CSP NANP at month (M)20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). Stratified 
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analysis by age, children (C) 5-17 months (red) and infants (I) 6-12 weeks (blue) at the moment of first vaccination. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect of age (children vs infants). P values are 
reported in supplementary tables. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster.  



Supplementary Figure 5. RTS,S/AS01E booster and long-term immunogenicity stratified by age: Total IgG, IgG1-4 subclasses and IgM for 
CSP Cterm at month (M)20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). Stratified 
analysis by age, children (C) 5-17 months (red) and infants (I) 6-12 weeks (blue) at the moment of first vaccination. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect of age (children vs infants). P values are 
reported in supplementary tables. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster.  

4
5

6
7

8
9

10

●

●

●

●

●

●

●●
●

●●

●

●
●

●
●

●

●

●●

●

●

●

●
●

●

●

●
●

●
●

●●

●

●

●

●

●

●

●

●

● ●
●

●

●
●
●

●
●

●

●●

●

●

●
●

●
●

●

●

●●●

●
●

●

●
●

●

●

●

●

●

●●
●

●

●
●

●●●
●
●

●

●

●

●

●●

●

●

●●

●

●●●

●

●●

●

●●

●
●

● ●

●

●

●

●

●
●

●

●
●
●

●
●●

●

●

●

●

●

●●
●

●
●

●
●

●

●

●

●
●

●●

●
●
●

●

●
●
●

●

●

CSP Cterm 
 IgG

Lo
g1

0 
M

FI

●

●
●●●

●

●

●
●●●
●●
●

●

●

●

●

●

●●
●

●

●
●

●

●
●●
●
●

●
●

●

●

●

●

●●

●

●

● ●●
●●
●
●

●
●

●

●
●

●

●

●
●

●

●

●●

●●●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●●●●

●

●

●

●

●

●●

●

●

●●

●

●
●

●

●
●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●●
●

●

●

●

●

●
●

●

●●●

●

●

●
●

●

●

●

●

●
●●
●
●

●

●

●
●
●

●

●

 IgG1

4
5

6
7

8
9

10

●

●●●
●●●
●

●●●

●●
●

●
●
●

●

●
●
●
●●●

●

●

●●
●
●●

●
●●

●

●

●

●
●

●
●

● ●
●
●
●●●

●

●●

●

●

●

●●●
●
●

●

●

●
●●

●
●
●
●

●

●

●

●

●
●

●

●●●

●

●
●
●

●
●●
●●

●
● ●

●

●

●●
●
●●

●

● ●
●

●

●

●
●
●

●
●

●

●
●
●
●●
●
●

●

●●

●●

● ●

●●

●

●

●

●

●
●

●
●●

●
●

●

●●●
●

●●

●
●

●
●

●
●

●

 IgG2

Lo
g1

0 
M

FI

●●●●●●●● ●
●
●●●
●●

●

●

●

●●●●●●
●

●●●●●●●

●

● ●●

●

●●●
●● ●

●●●
●●
●
●
●

●

●●●
●
●

●

●

●

●
●

●

●●

●
●

●

●
●

●

●
●●●●
●
●

●

●
●

●

●

●
●

●

●

●

●

●
●●
●

●

●

●
●

●

●
●

●

●
●

●
●

●

●● ●●
●

●

●
●

●●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●
●●

●●

●

●

●●

 IgG3

4
5

6
7

8
9

10

I C I C I C I C I C I C I C I C I C
M20 M21 M32 M20 M21 M32 M20 M21 M32

C3C R3C R3R

●

●
●●●●●●

●●●●●●●●●

●

●●●●●●● ●●●●●●●●●

●

●●●●●●● ●●●●●●●●●

●

●

●

●

●
●●

●

●

●

●

●
●●●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●
●
●●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

 IgG4

Lo
g1

0 
M

FI

I C I C I C I C I C I C I C I C I C
M20 M21 M32 M20 M21 M32 M20 M21 M32

C3C R3C R3R

●●

●

●●
●
●●

●

●
●●

●●

●
●
●

●

●

●●

●●
●●

●

●●
●●●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●
●
●

●

●●

●

●

●

●

●●

●

●

●

●

●●●
●
●

●
●

●
●

●

●

●

●●
●

●

●
●

●

●●●

●

●

●●
●

●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●●
●

●

●

●

●

●
●

●●

●

●

●●
●

●

●

●

●

●

●●

●

●

● ●

●

●

●

●

●

●

●
●

●

●
●

●

●
●●

●

●

●

●

 IgM



Supplementary Figure 6. RTS,S/AS01E booster and long-term immunogenicity stratified by age: Total IgG, IgG1-4 subclasses and IgM for 
HBsAg at month (M)20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). Stratified 
analysis by age, children (C) 5-17 months (red) and infants (I) 6-12 weeks (blue) at the moment of first vaccination. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect of age (children vs infants). P values are 
reported in supplementary tables. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster.  
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Supplementary Table 3. Immunogenicity to vaccine antigens stratified by previous clinical malaria and by clinical malaria after a booster dose (M21): Non-parametric test p-values 
for comparison of levels with or without clinical malaria (M vs NM) for IgG, IgG1-4 subclasses and IgM at month (M)20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without 
(R3C) booster, and comparator (C3C). P-values <0.05 are highlighted in yellow. P-values were adjusted for multiple comparisons, but none was significant and data are not shown. 



Supplementary Figure 7. Immunogenicity to HBsAg stratified by previous clinical malaria: IgG, IgG1-4 subclasses and IgM at month (M)20, 
21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). Stratified analysis by malaria cases before 
M20, subjects who presented with clinical malaria (M=blue) and subjects without malaria (NM=red). Boxplots with medians, interquartile 
ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest between minimum 
x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare levels with or without 
clinical malaria (M vs NM). P-values were adjusted for multiple comparisons, but none was significant. Only p-values <0.05 before 
adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of 
RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster.  
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Supplementary Figure 8. Fold change in immunogenicity against vaccine antigens from month (M) 20 to M21 stratified by clinical malaria 
after M21: Antibody response, IgG, IgG1-4 subclasses and IgM, for CSP FL and CSP NANP, for RTS,S/AS01 vaccinees with (R3R) and without 
(R3C) booster, and comparator (C3C). Stratified analysis by malaria after M21, subjects who presented with clinical malaria (M=blue) and 
subjects without malaria cases (NM=red). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between 
maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric 
mean(MFI)) (diamond). Non-parametric tests were used to compare fold change with or without clinical malaria. P-values were adjusted 
for multiple comparisons, but none was significant. Only p-values <0.05 before adjustment are shown. R3R: three doses of RTS,S/AS01E 
and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a 
comparator booster.  
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Supplementary Figure 9. Fold change in immunogenicity against vaccine antigens from month (M) 20 to M21 stratified by clinical malaria 
after M21: Antibody response, IgG, IgG1-4 subclasses and IgM, for CSP Cterm and HBsAg, for RTS,S/AS01 vaccinees with (R3R) and without 
(R3C) booster, and comparator (C3C). Stratified analysis by malaria after M21, subjects who presented with clinical malaria (M=blue) and 
subjects without malaria cases (NM=red). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between 
maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric 
mean(MFI)) (diamond). Non-parametric tests were used to compare fold change with or without clinical malaria. P-values were adjusted 
for multiple comparisons, but none was significant. Only p-values <0.05 before adjustment are shown. R3R: three doses of RTS,S/AS01E 
and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a 
comparator booster.  
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Supplementary Figure 10. RTS,S/AS01E booster and long-term immunogenicity against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for EBA140 and EBA175 R3-5 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and 
comparator (C3C). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 
1.5 * IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare the booster response (M20 vs M21) and the long-term immunogenicity (M21 vs M32), as well as 
to compare the R3C and R3R groups at each timepoint. P-values were not significant after adjustment for multiple testing. The y axis is in 
logarithm 10 scale. R3R (green): three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C (red): three doses of RTS,S/AS01E and a 
comparator booster. C3C (blue): three doses of a comparator vaccine and a comparator booster.   
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Supplementary Figure 11. RTS,S/AS01E booster and long-term immunogenicity against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for MSP142 and MSP1 Block2 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and 
comparator (C3C). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 
1.5 * IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare the booster response (M20 vs M21) and the long-term immunogenicity (M21 vs M32), as well as 
to compare the R3C and R3R groups at each timepoint. P-values were not significant after adjustment for multiple testing. The y axis is in 
logarithm 10 scale. R3R (green): three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C (red): three doses of RTS,S/AS01E and a 
comparator booster. C3C (blue): three doses of a comparator vaccine and a comparator booster.   
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Supplementary Figure 12. RTS,S/AS01E booster and long-term immunogenicity against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for MSP5 and Rh4.2 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator 
(C3C). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, 
lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric 
tests were used to compare the booster response (M20 vs M21) and the long-term immunogenicity (M21 vs M32), as well as to compare 
the R3C and R3R groups at each timepoint. P-values were not significant after adjustment for multiple testing. The y axis is in logarithm 10 
scale. R3R (green): three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C (red): three doses of RTS,S/AS01E and a comparator booster. 
C3C (blue): three doses of a comparator vaccine and a comparator booster.   
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Supplementary Figure 13. Antibody responses against blood stage antigens (EBA140 and EBA175 R3-5) for months (M) 0, 3, 20, 21 and 32 
for IgG, IgG1-4 and IgM. Boxplots with median and interquartile ranges. The y axis is in logarithm 10 scale. Data from M 0 and 3 were 
obtained from a previous study in the same individuals [5], thus a batch effect might be present. R3R (green): three doses of RTS,S/AS01E 
and a RTS,S/AS01E booster at month 20. R3C (red): three doses of RTS,S/AS01E and a comparator booster. C3C (blue): three doses of a 
comparator vaccine and a comparator booster.  



Supplementary Figure 14. Antibody responses against blood stage antigens (MSP142 and MSP1 Block2) for months (M) 0, 3, 20, 21 and 32 
for IgG, IgG1-4 and IgM. Boxplots with median and interquartile ranges. The y axis is in logarithm 10 scale. Data from M 0 and 3 were 
obtained from a previous study in the same individuals [5], thus a batch effect might be present. R3R (green): three doses of RTS,S/AS01E 
and a RTS,S/AS01E booster at month 20. R3C (red): three doses of RTS,S/AS01E and a comparator booster. C3C (blue): three doses of a 
comparator vaccine and a comparator booster.  



Supplementary Figure 15. Antibody responses against blood stage antigens (MSP5 and Rh4.2) for months (M) 0, 3, 20, 21 and 32 for IgG, 
IgG1-4 and IgM. Boxplots with median and interquartile ranges. The y axis is in logarithm 10 scale. Data from M 0 and 3 were obtained from 
a previous study in the same individuals [5], thus a batch effect might be present. R3R (green): three doses of RTS,S/AS01E and a 
RTS,S/AS01E booster at month 20. R3C (red): three doses of RTS,S/AS01E and a comparator booster. C3C (blue): three doses of a comparator 
vaccine and a comparator booster.  



 

Supplementary Table 4. RTS,S/AS01E booster and long-term immunogenicity against Plasmodium falciparum blood stage antigens: 
Comparisons of overall antibody levels between vaccination groups and timepoints. Total IgG, IgG1-4 subclasses and IgM for RTS,S/AS01 
vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). Non-parametric tests were used to compare the booster response 
(M20 vs M21) and the long-term immunogenicity (M21 vs M32), as well as to compare the R3C and R3R groups at each timepoint. Adjusted 
p values are shown in parenthesis. P-values <0.05 before adjustment are highlighted in yellow and P-values <0.001 before adjustment in 
green. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three 
doses of a comparator vaccine and a comparator booster.  
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Supplementary Figure 16. Antibody responses against the blood stage antigen Rh5 for months (M) 0, 3, 20, 21 and 32 for IgG, IgG1, IgG2, 
IgG3, IgG4 and IgM. Line time plots connecting levels for each individual. The y axis is in logarithm 10 scale. Data from months 0 and 3 were 
obtained from a previous study in the same individuals [5], thus a batch effect might be present. R3R: three doses of RTS,S/AS01E and a 
RTS,S/AS01E booster at month 20.  R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine 
and a comparator booster. Children age 5-17 months are shown in orange and infants age 6-12 weeks old at first immunization are shown 
in blue.   



Supplementary Figure 17. RTS,S/AS01E booster and long-term immunogenicity stratified by age against blood stage antigens: IgG, IgG1-4 
subclasses and IgM for EBA140 at month (M) 20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and 
comparator (C3C). Stratified analysis by age, children (C) age 5-17 months (red) and infants (I) age 6-12 weeks (blue) at the time of first 
vaccination. Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * 
IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect 
of age (children vs infants). P-values were not significant after adjustment for multiple testing. The y axis is in logarithm 10 scale. R3R: three 
doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a 
comparator vaccine and a comparator booster.  
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Supplementary Figure 18. RTS,S/AS01E booster and long-term immunogenicity stratified by age against blood stage antigens: IgG, IgG1-4 
subclasses and IgM for EBA175 R3-5 at month (M) 20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and 
comparator (C3C). Stratified analysis by age, children (C) age 5-17 months (red) and infants (I) age 6-12 weeks (blue) at the time of first 
vaccination. Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * 
IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect 
of age (children vs infants). P-values were not significant after adjustment for multiple testing. The y axis is in logarithm 10 scale. R3R: three 
doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a 
comparator vaccine and a comparator booster.  
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Supplementary Figure 19. RTS,S/AS01E booster and long-term immunogenicity stratified by age against blood stage antigens: IgG, IgG1-4 
subclasses and IgM for MSP142 at month (M) 20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and 
comparator (C3C). Stratified analysis by age, children (C) age 5-17 months (red) and infants (I) age 6-12 weeks (blue) at the time of first 
vaccination. Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * 
IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect 
of age (children vs infants). P-values were not significant after adjustment for multiple testing. The y axis is in logarithm 10 scale. R3R: three 
doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a 
comparator vaccine and a comparator booster.  
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Supplementary Figure 20. RTS,S/AS01E booster and long-term immunogenicity stratified by age against blood stage antigens: IgG, IgG1-4 
subclasses and IgM for MSP1 Block2 at month (M) 20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and 
comparator (C3C). Stratified analysis by age, children (C) age 5-17 months (red) and infants (I) age 6-12 weeks (blue) at the time of first 
vaccination. Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * 
IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect 
of age (children vs infants). P-values were not significant after adjustment for multiple testing. The y axis is in logarithm 10 scale. R3R: three 
doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a 
comparator vaccine and a comparator booster.  
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Supplementary Figure 21. RTS,S/AS01E booster and long-term immunogenicity stratified by age against blood stage antigens: IgG, IgG1-4 
subclasses and IgM for MSP5 at month (M) 20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and 
comparator (C3C). Stratified analysis by age, children (C) age 5-17 months (red) and infants (I) age 6-12 weeks (blue) at the time of first 
vaccination. Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * 
IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect 
of age (children vs infants). P-values were not significant after adjustment for multiple testing. The y axis is in logarithm 10 scale. R3R: three 
doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a 
comparator vaccine and a comparator booster.  

4
5

6
7

8
9

●
●

●

●

●●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●
●
●

●

●

●

●

●

●
●

●

●● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●●

●●

●

●

●●

●

●●

●

●

●

●

●

●

●

●
●●●

●

●

●

●

●

●

●

●

●
●●

●

●

●●●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●●

● ●

●

●
●

●
●

MSP5
 IgG

Lo
g1

0 
M

FI

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●
●
●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

 IgG1
4

5
6

7
8

9

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●●●

●
●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●●
●●
●

●
●
●

●

●●●

●

●
●

●

●

●● ●
●

●

●
●

●●

●

●

●
●
●

●
●
●

●

●

●●

●
●

●
●
●

●●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
● ●

●

●

●

●●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

● ●

●

●

●
●●

 IgG2

Lo
g1

0 
M

FI

●

●

●

●

●

●

●

● ●●●●
●●●
●

●

●

●●

●

●

●

●
● ●●●●

●●●
●

●

●

●

●

●
●●

●

●

●●

●●

●

●●

●

●

●
●●

●●

●
●

●

●●

●
●

●

●

●

●

●●

●

●

●●●●●●

●

●●

●

●

●

●

●●

●●

●

●

●

●●
●●●

●
●

●

●

●

●●

●

●

●●

●

●●

●●

●

●

●
●

●

●

●
●

●●

●

●

●

●

●

●

●
●

●

●

●
●●

●

●

●

●

●

●

●

●● ●

●

●●●
●

 IgG3

4
5

6
7

8
9

I C I C I C I C I C I C I C I C I C
M20 M21 M32 M20 M21 M32 M20 M21 M32

C3C R3C R3R

●●●●●●●● ●●●●●
●●●
● ●●●●●

●
●● ●●●●●●●●

● ●●●●●●●● ●●●●
●
●●●● ●●●

●
●●●●●● ●●●●●●●●● ●●●●●●●

●●● ●●●●●●●●
●

●●●●●●●●●● ●●●●●●●
●● ●●●

●

●●●● ●●●●●● ●
●●
●

●
●●
● ●●

●●●● ●●●

●

●
●
●●

●●●●●●

 IgG4

Lo
g1

0 
M

FI

I C I C I C I C I C I C I C I C I C
M20 M21 M32 M20 M21 M32 M20 M21 M32

C3C R3C R3R

●●

●

●

●

●

●

● ●

●

●

●

●

●●●

●

●

●●

●
●

●
●

●

●
●

●

●

●

●
●●

●

●
●
●

●

●●

●

●

●

●●

●

●●

●●

●

●

●

●
●

●

●

●

●

●

●
●●
●●

●
●●
●

●
●

●●●

●●
●
●●

●

●

●●●

●●●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

 IgM



Supplementary Figure 22. RTS,S/AS01E booster and long-term immunogenicity stratified by age against blood stage antigens: IgG, IgG1-4 
subclasses and IgM for Rh4.2 at month (M) 20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and 
comparator (C3C). Stratified analysis by age, children (C) age 5-17 months (red) and infants (I) age 6-12 weeks (blue) at the time of first 
vaccination. Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * 
IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect 
of age (children vs infants). P-values were not significant after adjustment for multiple testing. The y axis is in logarithm 10 scale. R3R: three 
doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a 
comparator vaccine and a comparator booster.  
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Supplementary Figure 23. RTS,S/AS01E booster and long-term immunogenicity stratified by age against blood stage antigens: IgG, IgG1-4 
subclasses and IgM for Rh5 at month (M) 20, M21 and M32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator 
(C3C). Stratified analysis by age, children (C) age 5-17 months (red) and infants (I) age 6-12 weeks (blue) at the time of first vaccination. 
Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower 
whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests 
were used to compare the booster response (M20 vs M21), the long-term immunogenicity (M21 vs M32), and the effect of age (children 
vs infants). P-values were not significant after adjustment for multiple testing. The y axis is in logarithm 10 scale. R3R: three doses of 
RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator 
vaccine and a comparator booster.  
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Supplementary Table 5. RTS,S/AS01E booster and long-term immunogenicity against Plasmodium falciparum blood stage antigens stratified 
by age: Comparisons of antibody levels between timepoints and age groups for total IgG, IgG1-4 subclasses and IgM. RTS,S/AS01 vaccinees 
with (R3R) and without (R3C) booster, and comparator (C3C). Stratified analysis by age, children 5-17 months and infants 6-12 weeks at the 
time of first vaccination. Non-parametric tests were used to compare the booster response (M20 vs M21), the long-term immunogenicity 
(M21 vs M32), and the effect of age (children vs infants). Adjusted p values are shown parenthesis. P-values <0.05 before adjustment are 
highlighted in yellow.  



Supplementary Table 6. Immunogenicity to Plasmodium falciparum blood stage antigens stratified by previous clinical malaria (left) and by clinical malaria after booster dose 
(right): Non-parametric test p-values for comparison of levels with or without clinical malaria (M vs NM) for IgG, IgG1-4 subclasses and IgM at month (M)20, 21 and 32 for 
RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). P-values <0.05 are highlighted in yellow. P-values were adjusted for multiple comparisons, but 
none was significant and are not shown.



Supplementary Figure 24. Immunogenicity stratified by previous clinical malaria against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for EBA140 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria cases before M20, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, 
lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric 
tests were used to compare levels with or without clinical malaria (M vs NM). P-values were adjusted for multiple comparisons, but none 
was significant. Only p-values <0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and 
a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a 
comparator booster.  
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Supplementary Figure 25. Immunogenicity stratified by previous clinical malaria against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for EBA175 R3-5 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator 
(C3C). Stratified analysis by malaria cases before M20, subjects who presented with clinical malaria (M=blue) and subjects without clinical 
malaria (NM=red). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 
1.5 * IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare levels with or without clinical malaria (M vs NM). P-values were adjusted for multiple comparisons, 
but none was significant. Only p-values <0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of 
RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator 
vaccine and a comparator booster.  
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Supplementary Figure 26. Immunogenicity stratified by previous clinical malaria against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for MSP142 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria cases before M20, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, 
lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric 
tests were used to compare levels with or without clinical malaria (M vs NM). P-values were adjusted for multiple comparisons, but none 
was significant. Only p-values <0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and 
a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a 
comparator booster.  
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Supplementary Figure 27. Immunogenicity stratified by previous clinical malaria against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for MSP1 Block2 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator 
(C3C). Stratified analysis by malaria cases before M20, subjects who presented with clinical malaria (M=blue) and subjects without clinical 
malaria (NM=red). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 
1.5 * IQR, lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-
parametric tests were used to compare levels with or without clinical malaria (M vs NM). P-values were adjusted for multiple comparisons, 
but none was significant. Only p-values <0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of 
RTS,S/AS01E and a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator 
vaccine and a comparator booster.  
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Supplementary Figure 28. Immunogenicity stratified by previous clinical malaria against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for MSP5 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria cases before M20, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, 
lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric 
tests were used to compare levels with or without clinical malaria (M vs NM). P-values were adjusted for multiple comparisons, but none 
was significant. Only p-values <0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and 
a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a 
comparator booster.  
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Supplementary Figure 29. Immunogenicity stratified by previous clinical malaria against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for Rh4.2 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria cases before M20, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, 
lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric 
tests were used to compare levels with or without clinical malaria (M vs NM). P-values were adjusted for multiple comparisons, but none 
was significant. Only p-values <0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and 
a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a 
comparator booster.  
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Supplementary Figure 30. Immunogenicity stratified by previous clinical malaria against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for Rh5 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria cases before M20, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Boxplots with medians, interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, 
lower whisker as the largest between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric 
tests were used to compare levels with or without clinical malaria (M vs NM). P-values were adjusted for multiple comparisons, but none 
was significant. Only p-values <0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and 
a RTS,S/AS01E booster. R3C: three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a 
comparator booster.  
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Supplementary Figure 31. Immunogenicity stratified by clinical malaria after M21 against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for EBA140 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria after M21, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Those who presented with clinical malaria before M20 are represented with green and orange squares. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
levels with or without clinical malaria (NM vs M). P-values were adjusted for multiple comparisons, but none was significant. Only p-values 
<0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster. 

4
5

6
7

8
9

Post−booster malaria cases

● ●
●●

●
●

●

●

●

●
●

●
●

●

●

●●
●

●
●

●

●

●
●

●

●

● ●

●

●

●●

●

●

●

●

●

●
●

●

●
●

●

●●

●
●●

●
●

●

●

●

●

●
●

●

●

● ●

●
●

●●

●

●
●

●

●

●

●

●

● ●

●

●
●
●

●

●●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●
●

●

●

●●

●

●●
●

●
●
●

●

●

●

●

●

●

●

●

●

EBA140 IgG
Lo

g1
0 

M
FI

0.02

● ●●●●
●

●

●

●

●●

●

●

●

●

●●
●

●

●

●

●

●●

●

●

● ●

●

●●
●

●

●

●

●●

●
●

●

●

●

●

●

●
●●●

●

●

●

●

●

●

●● ●

●

●

●

●

●
●●

●●

●

●

●

●

●

●
●

●

●

●

●
●

●

●●●

●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●● ●

●

●

●

●

●

●

●
●

 IgG1
4

5
6

7
8

9

● ●●
●
●●
●
●
●

●
●

●●

●

●

●●
●●
●

●●●
●

●

●

●
●
●
●

●
●

●

●

●●

●●
●

●

●
●

●

●●

●●●

●

●●

●

●
●
●● ●

●

●

●

●●

●●

●

●

●
●

●

●●
●

●
●

●

● ●●

●

●●
●

●

●
●

●
●
●●

●

●

●

●
●●

●●

●
●

●

●
●
●

●

●
●

●
●

●
●

●●

●

●●●●

 IgG2

Lo
g1

0 
M

FI

0.01

●

●●●●
●

●

●●●●
●

●

● ●●●●●

●

●●●●
●● ●

●
●●●●

●

●●●●●● ●
●● ●●

●
●
●●●
●
●
●●
●
●
●

●
●

●

●

●
●
●●●●
●●●●●●
● ●

●

● ●●

●

●●●

●

●●●
●●
●
● ●● ●

●

●

●

●●● ●● ●
●
●
●
●●● ●● ●●●●●●●

 IgG3
0.006

4
5

6
7

8
9

M NM M NM M NM M NM M NM M NM M NM M NM M NM
M20 M21 M32 M20 M21 M32 M20 M21 M32

C3C R3C R3R

● ●●●●●●●●●●●● ● ●●●●●●●●●●●● ● ●●●●●
●●●●●●● ●●● ●●●●●●●●●

●●●●● ●●● ●●●●●●●●●●●●●● ●●● ●●●●●●●●●●●●●●
●● ●●●

●
●●●

●
● ●●●

●
●●●

●● ●●●●●●●

 IgG4

Lo
g1

0 
M

FI

0.01 0.04 0.03 0.02

M NM M NM M NM M NM M NM M NM M NM M NM M NM
M20 M21 M32 M20 M21 M32 M20 M21 M32

C3C R3C R3R

● ●
●

●●●
●●

●

●

●●
●

●

●●

●●●
●
●
●
●
●●●

●

●

●

●
●
●●

●●

●●●●

●
●
●

●

●●

●●●●●●

●

●

●

●●

●●

●
●
●●

●●

●
●●●●

●

●
●●

●
●

●

●

●

●

●

●

●

●
●
●

●

●●

●

●
●
●

●
●
●

●

●●

●

●

●

●
●●

●

●●

● ●● ●
●

●

●

●●
●

 IgM



Supplementary Figure 32. Immunogenicity stratified by clinical malaria after M21 against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for EBA175 R3-5 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator 
(C3C). Stratified analysis by malaria after M21, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Those who presented with clinical malaria before M20 are represented with green and orange squares. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
levels with or without clinical malaria (NM vs M). P-values were adjusted for multiple comparisons, but none was significant. Only p-values 
<0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster. 
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Supplementary Figure 33. Immunogenicity stratified by clinical malaria after M21 against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for MSP142 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria after M21, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Those who presented with clinical malaria before M20 are represented with green and orange squares. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
levels with or without clinical malaria (NM vs M). P-values were adjusted for multiple comparisons, but none was significant. Only p-values 
<0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster- 
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Supplementary Figure 34. Immunogenicity stratified by clinical malaria after M21 against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for MSP1 Block 2 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator 
(C3C). Stratified analysis by malaria after M21, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Those who presented with clinical malaria before M20 are represented with green and orange squares. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
levels with or without clinical malaria (NM vs M). P-values were adjusted for multiple comparisons, but none was significant. Only p-values 
<0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster. 
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Supplementary Figure 35. Immunogenicity stratified by clinical malaria after M21 against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for MSP5 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria after M21, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Those who presented with clinical malaria before M20 are represented with green and orange squares. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
levels with or without clinical malaria (NM vs M). P-values were adjusted for multiple comparisons, but none was significant. Only p-values 
<0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster. 
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Supplementary Figure 36. Immunogenicity stratified by clinical malaria after M21 against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for Rh4.2 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria after M21, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Those who presented with clinical malaria before M20 are represented with green and orange squares. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
levels with or without clinical malaria (NM vs M). P-values were adjusted for multiple comparisons, but none was significant. Only p-values 
<0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster. 
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Supplementary Figure 37. Immunogenicity stratified by clinical malaria after M21 against blood stage antigens: Total IgG, IgG1-4 subclasses 
and IgM for Rh5 at month (M) 20, 21 and 32 for RTS,S/AS01 vaccinees with (R3R) and without (R3C) booster, and comparator (C3C). 
Stratified analysis by malaria after M21, subjects who presented with clinical malaria (M=blue) and subjects without clinical malaria 
(NM=red). Those who presented with clinical malaria before M20 are represented with green and orange squares. Boxplots with medians, 
interquartile ranges (IQR), upper whisker as the smallest between maximum x value and Q3 + 1.5 * IQR, lower whisker as the largest 
between minimum x value and Q1 – 1.5 * IQR, and log10(geometric mean(MFI)) (diamond). Non-parametric tests were used to compare 
levels with or without clinical malaria (NM vs M). P-values were adjusted for multiple comparisons, but none was significant. Only p-values 
<0.05 before adjustment are shown. The y axis is in logarithm 10 scale. R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster. R3C: 
three doses of RTS,S/AS01E and a comparator booster. C3C: three doses of a comparator vaccine and a comparator booster .
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Supplementary Figure 38. Correlation plots between M20 and M21 for CSP constructs and HBsAg for IgG, IgG1-2: : linear regression (blue line), LOESS curve fitting (black line). 
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Supplementary Figure 39. Correlation plots between M20 and M21 for CSP constructs and HBsAg for IgG3-4 and IgM: : linear regression (blue line), LOESS curve fitting (black line). 

 



 

Supplementary Figure 40. Study design, vaccination and blood sampling schedule.  

M0    M1    M2   M3
Blood sample
Vaccine dose
Booster dose

M20  M21        M32



Supplementary Table 7. Study population demographic characteristics. 

Study Population
R3R R3C C3C 

 N=14 N=19 N=17  
n % n % n % 

Sex 
      

Female  4 28.6 7 36.8 9 52.9 
Male 10 71.4 12 63.2 8 47.1 

Age 
      

5-17 months 6 42.9 9 47.4 9 52.9 
6-12 weeks 8 57.1 10 52.6 8 47.1 

Malaria cases       
Before booster (pre-M20) 5 35.7 2 10.5 4 23.5 
After booster (post-M20) 4 28.6 4 21.1 3 17.6 

Malaria transmission in Manhiça was low 1,2. 
HIV infection was not a protocol exclusion/inclusion criterion, but only healthy 
children were included in the study. HIV testing was not a trial procedure. The 
prevalence of HIV infection in adults in the Manhiça area was around 40% 3. 
R3R: three doses of RTS,S/AS01E and a RTS,S/AS01E booster at month 20.  
R3C: three doses of RTS,S/AS01E and a comparator booster.  
C3C: three doses of a comparator vaccine and a comparator booster. M: month. 

 



Supplementary Table 8. Antigens coupled to the multiplex beads. 

Antigen Description Sequence Tag 
CSP  
Full Length 4 

Circumsporozoite 
Protein  

Va
cc

in
e 

co
m

po
ne

nt
s 

YGSSSNTRVLNELNYDNAGTNLYNELEMNYYGKQENWYSLKKNSRSLGENDDGNNEDNEKLRKPKHKKLKQPADGNPDPNAN
PNVDPNANPNVDPNANPNVDPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNAN
PNANPNANPNKNNQGNGQGHNMPNDPNRNVDENANANSAVKNNNNEEPSDKHIKEYLNKIQNSLSTEWSPCSVTCGNGIQ
VRIKPGSANKPKDELDYANDIEKKICKMEK 

Histidine 

CSP  
C-terminus 5 

KNNQGNGQGHNMPNDPNRNVDENANANSAVKNNNNEEPSDKHIKEYQNKIQNSLSTEWSPCSVTCGNGIQVRIKPGSANKP
KDELDYANDIEKKICKMEK 

GST 

CSP  
NANP6 

6
 

NANPNVDPNANPNVDPNANPNVDPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANP
NANPNANPNANP 

GST 

HBsAg Hepatitis B 
surface Antigen Source: Abcam 

 

MSP142 
7 Merozoite surface 

protein 

Bl
oo

d 
st

ag
e 

an
tig

en
s 

MAHHHHHHPGGSGSGTMAISVTMDNILSGFENEYDVIYLKPLAGVYRSLKKQIEKNIFTFNLNLNDILNSRLKKRKYFLDVLESDL
MQFKHISSNEYIIEDSFKLLNSEQKNTLLKSYKYIKESVENDIKFAQEGISYYEKVLAKYKDDLESIKKVIKEEKEKFPSSPPTTPPSPAKT
DEQKKESKFLPFLTNIETLYNNLVNKIDDYLINLKAKINDCNVEKDEAHVKITKLSDLKAIDDKIDLFKNPTDFEAIKKLINDDTKKDM
LGKLLSTGLVQNFPNTIISKLIEGKFQDMLNISQHQCVKKQCPENSGCFRHLDEREECKCLLNYKQEGDKCVENPNPTCNENNGG
CDADATCTEEDSGSSRKKITCECTKPDSYPLFDGIFCS 

Histidine  

Rh5 8 Reticulocyte 
binding protein  

NAIKKTKNQENNLTLLPIKSTEEEKDDIKNGKDIKKEIDNDKENIKTNNAKDHSTYIKSYLNTNVNDGLKYLFIPSHNSFIKKYSVFNQ
INDGMLLNEKNDVKNNEDYKNVDYKNVNFLQYHFKELSNYNIANSIDILQEKEGHLDFVIIPHYTFLDYYKHLSYNSIYHKSSTYGK
CIAVDAFIKKINETYDKVKSKCNDIKNDLIATIKKLEHPYDINNKNDDSYRYDISEEIDDKSEETDDETEEVEDSIQDTDSNHTPSNKK
KNDLMNRTFKKMMDEYNTKKKKLIKCIKNHENDFNKICMDMKNYGTNLFEQLSCYNNNFCNTNGIRYHYDEYIHKLILSVKSKN
LNKDLSDMTNILQQSELLLTNLNKKMGSYIYIDTIKFIHKEMKHIFNRIEYHTKIINDKTKIIQDKIKLNIWRTFQKDELLKRILDMSNE
YSLFITSDHLRQMLYNTFYSKEKHLNNIFHHLIYVLQMKFNDVPIKMEYFQTYKKNKPLTQ 

Histidine 

EBA175 
region 3-5 9 

Erythrocyte 
binding antigen Amino acid residues 761–1298 (Plasmodium falciparum 3D7 genotype) 

GST 

EBA140 
region 3-5 9 

Erythrocyte 
binding antigen Amino acid residues 770–1064 (P. falciparum 3D7) 

GST 

MSP5 10 Merozoite surface 
protein 

MNILCILSYIYFFVIFYSLNLNNKNENFLVVRRLMNDEKGEGGFTSKNKENGNNNRNNENELKEEGSLPTKMNEKNSNSSDKQPN
DISHDESKSNSNNSQNIQKEPEEKENSNPNLDSSENSSESATRSVDISEHNSNNPETKEENGEEPLDLEINENAEIGQEPPNRLHFD
NVDDEVPHYSALRYNKVEKNVTDEMLLYNMMSDQNRKSCAINNGGCSDDQICININNIGVKCICKDGYLLGTKCIILNSYSCHPF
FSILIYITLFLLLFV 

Histidine 

Rh 4.2 11 
 

Reticulocyte 
binding protein Amino acid residues 1277-1451 (P. falciparum 3D7) GST 

MSP1 Block 
2 12 
 

Merozoite surface 
protein 

NEEEITTKGASAQSGASAQSGASAQSGASAQSGASAQSGASAQSGTSGPSGPSGT SPSSRSNTLPRSNTSSGASPPADAS GST 

GST For fusion 
proteins Ta

g MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKHNMLGGCP
KERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDALDVVLYMDPMCLD
AFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSDLEVLFQGPLGS 
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rho =  0.326
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rho =  0.329
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Supplementary Figure 41. Correlation plots for antibody response to IgG, IgG1-4, IgM against GST fused antigens (CSP NANP,CSP Cterm, 

EBA140) vs GST: linear regression (blue line), LOESS curve fitting (black line). 
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IgG EBA175_R3−5 (GST Fused)  vs GST
rho =  0.119
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rho =  0.321
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IgG2 EBA175_R3−5 (GST Fused)  vs GST
rho =  0.195
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rho =  0.195
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IgG4 EBA175_R3−5 (GST Fused)  vs GST
rho =  0.259
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IgG MSP1_BL2 (GST Fused)  vs GST
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IgG1 MSP1_BL2 (GST Fused)  vs GST
rho =  0.735
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IgG2 MSP1_BL2 (GST Fused)  vs GST
rho =  0.614
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rho =  0.568

●
●● ●

●
●●

● ● ●●● ●
●

●

●

●
●

●●
● ●●

●
●

●
● ●

●

●

●
●

●

●
●
●

●
●●

● ●
●●

●

●● ●
● ●

●
●●

●

●
●

●

●●
●

●

●●

●●
● ● ●

●
●

●

●●
●

●

●

●

●

●
●

●

●
●● ●

●
●

●●●
●

●
●

● ● ●●
●● ● ●

●
●●

●●
●

●
●

●

●
●

●

●●

●

●

●●●
●

●
●

●
● ●

●

●●
●

●

●
●

● ●
●

●
●

●
●
●

● ●
●

●
●

●● ●

●●

3.6 3.7 3.8 3.9 4.0 4.1

3.
6

3.
8

4.
0

4.
2

4.
4

4.
6

4.
8

GST

M
SP

1_
BL

2

IgG4 MSP1_BL2 (GST Fused)  vs GST
rho =  0.242
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Supplementary Figure 42. Correlation plots for for antibody response to IgG, IgG1-4, IgM against GST fused antigens (EBA175_R3-5, 

MSP1_BL2, Rh4.2) vs GST: linear regression (blue line), LOESS curve fitting (black line).
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