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Supplemental Figure 1. The positive conversion rate in the PBPV group.
(A) Positive conversion rates for P3296, P5668, PRx1, and Ply were assessed
at D30, D90, and D180, positive response defined as a = 4-fold increase in

antibody titers compared to DO levels.
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Supplemental Figure 2. PPV23 fails to induce the effective P3296-, P5668-,
PRx1- and Ply-specific antibody production. (A) Specific antibody titers
against P3296 (green), P5668 (blue), PRx1 (purple), and Ply (pink) were
measured in the PPV23 group (n = 30) at DO, D30, D90 and D180. (B) Fold

changes for P3296, P5668, PRx1, and Ply were assessed at D30, D90 and
4
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D180, defined a = 4-fold increase in antibody titers compared to DO levels as

positive cutoff. The error bars defined geometric mean with 95% CI. The

numbers in magenta indicated the geometric mean titers (GMT) in A.

Significance was measured using the Wilcoxon rank-sum test in A. All p-values

were adjusted for multiple testing using the Benjamini—Hochberg (BH) method.

*p < 0.05, **p < 0.01, ***p < 0.001.
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Supplemental Figure 3.

Correlation analysis between titers of four

protein-specific antibodies and Ply-neutralizing antibody titers induced
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by PPV23. (A-E) Correlation analysis between specific antibody titers of the
four PBPV immunogens (P3296, P5668, PRx1 and Ply) and neutralizing
antibody titers against Ply in the PBPV group at DO and in the PPV23 group at
DO, D30, D90, D180. All p-values were adjusted for multiple testing using the

Benjamini-Hochberg (BH) method.
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Supplemental Figure 4 Comparative analysis of OPA induced by PBPV
and PPV23 at day 90 post-vaccination. (A and D) The OPA elicited by PBPV
and PPV23 at D90 were presented. The left panel illustrates the strength
(log2(sum fold change)), extent, and rank of OPA reactions (strength means the
sum of fold change values between baseline and D90 for all serotypes; extent
means the number of serotypes (of 4) to which the donor elicits marked (that is,
an OPA titer of = 2) responses; rank means an individual’'s vaccine
responsiveness in the cohort based on aggregate responses for all serotypes,
where higher ranks represent stronger responses. The middle bubble plot uses
color coding to indicate marked responses (Log2 fold change [FC] > 1): blue/red
denotes a marked enhancement of OPA functionality (D90/D0 OPA value = 2),
while gray indicates a value < 2. Bubble size represents the magnitude of the
response. The right panel provides information on participant ID, gender (F for
female, M for male), and age. (B and E) Correlation between OPA response
intensity and age at D90 with PBPV and PPV23. (C and F) Gender-based
differences in OPA response intensity, magnitude, and grade at D90 with PBPV
and PPV23. Boxplots display the median and interquartile range (IQR, 25-75%),
with whiskers indicating values within 1.5 X [|QR above and below the

quartiles.
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Supplemental Figure 5 Comparative analysis of OPA induced by PBPV
and PPV23 at day 180 post-vaccination. (A and D) The OPA elicited by PBPV
and PPV23 at D180 were presented. The left panel illustrates the strength
(log2(sum fold change)), extent, and rank of OPA reactions (strength means the
sum of fold change values between baseline and D180 for all serotypes; extent

means the number of serotypes (of 4) to which the donor elicits marked (that is,
8
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an OPA titer of = 2) responses; rank means an individual’s vaccine
responsiveness in the cohort based on aggregate responses for all serotypes,
where higher ranks represent stronger responses. The middle bubble plot uses
color coding to indicate marked responses (Log2 fold change [FC] > 1): blue/red
denotes a marked enhancement of OPA functionality (D180/D0 OPA value = 2),
while gray indicates a value < 2. Bubble size represents the magnitude of the
response. The right panel provides information on participant ID, gender (F for
female, M for male), and age. (B and E) Correlation between OPA response
intensity and age at D180 with PBPV and PPV23. (C and F) Gender-based
differences in OPA response intensity, magnitude, and grade at D180 with
PBPV and PPV23. Boxplots display the median and interquartile range (IQR,
25-75%), with whiskers indicating values within 1.5 X IQR above and below

the quartiles.
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Supplemental Figure 6 Kinetics of P3296-, P5668-, and PRx1-specific
antibody subclass titers from day 30 to 180 post-vaccination. (A-C) Titers
of antibody subclasses (IgG1, 1gG2, 1gG3, IgG4, and IgM) induced against
P3296, P5668 and PRx1 in vaccinated subjects. Significance was measured
using the Wilcoxon rank-sum test in A-C. All p-values were adjusted for multiple
testing using the Benjamini—Hochberg (BH) method. *p < 0.05, **p < 0.01, ***p

< 0.001.
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Supplemental Figure 7 Correlation between antibody titers and OPA
indices induced by PBPV. (A) The correlation between Ply-specific antibody
titers and the OPA indices of the six serotypes at D30. (B) The correlation
between the titers of antibody subclasses (IgG, IgM, IgG1, 1I9G2, IgG3 and 1gG4)
of three immunogens and the OPA indices for six serotypes at D30. Significance
was measured using the Spearman correlation analysis in A and B. All p-values
were adjusted for multiple testing using the Benjamini—Hochberg (BH) method.

*p < 0.05, **p < 0.01, **p < 0.001.

11



133
134

135

136

137

138

139

140

141

D90

w
by

0.039

m oo m

0.053 0049 0222 0023 0,034

6A 38F 14 4 17F 11A

D180

-0.030 X g - ‘ 0.5
0.016 0111 | 0.061 H
-0.027 0.074 -
0132 0437 -0.136 - H -0.055 -0.063 -0D.061 - ) 0
E 0.044 0.129 -0.043 0111  0.134

-0.059 0.070 0.067 -0.074 -0.; g 0.083 -0.195 [0.137 0435 -

Supplemental Figure 8 Correlation between antibody titers and OPA
indices at day 90 and 180 post-vaccination induced by PBPV. (A and B)
The correlation between the titers of antibody subclasses of three PspA proteins
and the OPA indices for six serotypes at D90 and D180. Significance was
measured using the Spearman correlation analysis in A and B. All p-values
were adjusted for multiple testing using the Benjamini—Hochberg (BH) method.

*p < 0.05, **p < 0.01, **p < 0.001.

12



P3296* NK-Ig isotype correlation P5668* NK-lg isotype correlation PRx1* NK-Ig isotype correlation
0.6
IFN-V+- 0.439 E 0217 mm 0.344 0245 0095
TNF* 0.441 04 m 0.243 04 0307 0278 0237 0.150
CD107a*{ 0364 0219 -0.048 0.475 0.255 ﬁ 0423 0075 0.4
02
MIP-13* {0432 0282 0.015
0.2

IFN-y* TNF* { 0.391 0 (XL 0235 0.003 0.278 0237 050

&
0.495 0277 WELH 0188 0093
-0.2

0214 -0.011 o] mm 0.349 0245 0.001

1gG 1gG1 1gG2 1gG3 IgG4 IgM 19G 1gG1 I1gG2 1gG3 IgG4 IgM

0198 -0.016

m 0.348 0246 0.054

IFN-y*CD107a" - 0.403

IFN-y*MIP-15* ] 0.442

1gG 1gG1 1gG2 1gG3 IgG4 IgM

B
P3296* NK-OPA correlation P5668* NK-OPA correlation PRx1* NK-OPA correlation

|FN-V+ 0.114 | 0.250 0.140 : 0078 0.059 0224 0127 : 0138 0143 0146 0136 0.50

TNF* 0411 | 0.146 m 0.037 W7 058 0.011 0.192 0116 [0492 0211 0126 0.156 |0.208
N 0.25

cp107a” 0.102 | 0.196 0.040 } 0.063 0216 0119 m 0204 0479 0.142 RIS
MIF’-1B+ 0.115 | 0.23 0.099 UK ! 0.148 X 0177 0.149 0.102 0.148  0.197 0.20

IFN-y TNF* 0.054 | 0.16 X 0.020 0187 0116 [0.492 0211 | 0126 0156 | 0.208
IFN-v*CD1 07a* 0.082 . (UL 0.374 0.145 - 0141 0.168 0160 0.148 EFLY] 0.15

IFN-y*MIP-16* 0.115 | 0. .06 E 0.224 0129 0.142 0445 0138 0137

17F 1A

142

143  Supplemental Figure 9 Functional NK cell responses induced by PBPV.
144  (A) Correlation analysis between the positive rate of cytokines secreted by NK
145  cells activated by P3296, P5668, and PRx1-specific antibodies and the titers of
146  corresponding different antibody subclasses. (B) Correlation analysis between
147  the positive rate of cytokines secreted by NK cells activated by P3296, P5668,
148  and PRx1-specific antibodies and the OPA indices of 6 serotypes. Significance
149  was measured using the Spearman correlation analysis in A and B. All p-values
150  were adjusted for multiple testing using the Benjamini—Hochberg (BH) method.

151  *p <0.05, **p < 0.01, ***p < 0.001.
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