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Table S1. Literature search terms used for PubMed. The final search strategy applied to

conduct this meta-analysis is reported at step #22.

# Search strategy

1 corona virus OR coronavirus

2 coronavirinae

3 coronaviridae

4 betacoronavirus OR beta coronavirus

5 COVID19 OR COVID 19 OR COVID2019 OR COVID 2019

6 nCoV

7 "CoV 2" OR CoV2

8 2019nCoV OR 2019 nCoV

9 severe acute respiratory syndrome coronavirus 2

10 SARS CoV 2 OR sarscov2

11 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10

12 vaccin*[tiab]

13 immuniz*[tiab]

14 inocul*[tiab]

15 #12 OR #13 OR #14

16 #11 AND #15 (29406)

17 "COVID19 vaccin*" OR “anti-sars-cov-2 agent”” OR anti-sarscov2 agent OR “sars-
cov-2 vaccine”

18 #16 OR #17 (29514)

19 boost*[tiab] OR third[tiab]

20 #18 AND #19 (2163)

9 Humans[Mesh] OR human*[tiab] OR volunteer*[tiab] OR participant*[tiab] OR
subject*[tiab] OR people[tiab]

22 #20 AND #21 (1577)




Table S2. Literature search terms used for the Cochrane Library. The final search strategy
applied to conduct this meta-analysis is reported at step #26.

# Search strategy

1 MeSH descriptor: [Coronavirus] explode all trees

2 MeSH descriptor: [Coronavirus 2, SARS] explode all trees

3 MeSH descriptor: [Coronaviridae] explode all trees

4 MeSH descriptor: [Betacoronavirus] explode all trees

5 coronavir® OR corona virus OR betacoronavir* OR beta coronavirus

6 MeSH descriptor: [COVID-19] explode all trees

7 COVID19 OR COVID 19 OR COVID 2019

8 nCoV OR CoV 2 OR CoV2 OR 2019 nCoV

9 MeSH descriptor: [SARS-CoV-2] explode all trees

10 severe acute respiratory syndrome coronavirus 2 OR SARS CoV 2 OR sarscov2

11 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10

12 MeSH descriptor: [Vaccines] explode all trees

13 MeSH descriptor: [immunity] explode all trees

14 MeSH descriptor: [Immunogenicity, Vaccine] explode all trees

15 (vaccin®):ti,ab,kw OR (immuniz*):ti,ab,kw OR (inocul®):ti,ab,kw

16 #12 OR #13 OR #14 OR #15

17 #11 AND #16 (1413)

18 MeSH descriptor: [COVID-19 Vaccines] explode all trees

19 COVID19 Vaccin* OR COVID 19 Vaccin* OR anti sars cov 2 agent OR anti sarscov2
agent OR sars cov 2 vaccin* OR sarscov2 vaccin*

20 #18 OR #19

21 #17 OR #20 (1498)

22 (boost*):ti,ab,kw OR (third):ti,ab,kw

23 | #21 AND #22 (259)

o4 (human®):ti,ab,kw OR (volunteer*):ti,ab,kw OR (participant*):ti,ab,kw OR (subject
*):ti,ab,kw OR (people*):ti,ab,kw

25 #23 AND #24 (201)

26 trial: 191




Table S3. Literature search terms used for Embass. The final search strategy applied to conduct

this meta-analysis is reported at step #20.

# Search strategy

1 coronavirus OR "corona virus"

2 'coronavirinae'/exp OR coronavirinae

3 'coronaviridae'/exp OR coronaviridae

4 'betacoronavirus'/exp OR betacoronavirus OR 'beta coronavirus'

5 ‘coronavirus disease 2019'/exp OR 'coronavirus disease 2019' OR 'covid-19' OR
covid19 OR sarscov2 OR 'covid-2019' OR covid2019

6 'severe acute respiratory syndrome coronavirus 2'/exp OR 'severe acute respiratory
syndrome coronavirus 2' OR 'ncov' OR 'sars-cov-2'

7 'cov 2' OR cov2

8 '2019-ncov' OR 2019ncov

9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8

10 'vaccine'/exp OR vaccin*:ti,ab,kw

11 'immunization'/exp OR immuniz*:ti,ab,kw

12 inocul*:ti,ab,kw

13 #10 OR #11 OR #12

14 #9 AND #13 (4631)

15 'anti-sars-cov-2 agent'/exp OR 'anti-sars-cov-2 agent' OR 'sars-cov-2 vaccine'/exp OR
'sars-cov-2 vaccine' OR "covid19 vaccin*" OR "covid 19 vaccin*"

16 #14 OR #15 (5054)

17 boost*:ti,ab,kw OR third:ti,ab,kw

18 #16 AND #17 (585)

19 "human'/exp OR human:ti,ab,kw OR volunteer*:ti,ab,kw OR participant*:ti,ab,kw
OR subject*:ti,ab,kw OR people:ti,ab,kw

20 #18 AND #19 (539)

Table S4. Literature search terms used for Medrxiv, Wanfang and CNKL

Database | Search strategy

Medrxiv | COVID-19 AND vaccin* AND (boost* OR third) (734)

Wanfang | F#l:(SARS-CoV-2)) and F#l:(J% 1) and (F&:(IN5EEN) or E&L(NE%IE) or

(TR B 55) or ERCHrE Wi FF) or ERL(He) or £ #:(COVID-19) or

(5 =4)) (68)

CNKI

TKA=("H B e R 38+ B 7 3 25+ B e+ B il 4+ COVID-19'+SARS-CoV-
2') and TKA=(# 1i") and TKA=("IN#R4EL+ IN58 G2 + 55 =41 (64)

“F@” means “Theme”; “HAUIRTGEE B i F, § e, B il 27 mean “COVID-197; “#%

”»

&

means “Vaccine”; “Jn5%t” means “Booster Dose”; “JNifui%” means “Boost

Immunity”; “#$=%t" means “Third Dose”



Table S5. Results of Begg's test in different outcomes.

Vaccination Number of Begg's test
Outcome . . .
regimen included studies V4 P value

Log-transformed neutralisation

i . homologous 16 -0.63 0.53
antibody titres
Log-transformed anti-RBD IgG homologous 8 -0.74 0.46
Seropositive rate of antibodies homologous 18 4.02 <0.01
Log-transformed neutralisation

i ] heterologous 9 -1.67 0.10
antibody titres
Log-transformed anti-RBD IgG heterologous 11 -1.32 0.19
Seropositive rate of antibodies heterologous 5 2.45 0.02
Total adverse events homologous 10 1.44 0.15
Total adverse events heterologous 7 0.30 0.76




A. Young People

Study MRAW 95%-Cl Weight
Inactivated
S. Clemens, 2022_A 1.54 [1.30;1.78]) 7.1%
H. Xie, 2022 0.93 [0.83;1.03] 7.3%
S. Clemens, 2022_B 147 [1.29;165] 7.2%
S. Clemens, 2022_C 1.55 [1.27;1.83] 7.0%
S. Clemens, 2022_D 149 [1.34;1.64] 7.2%
Random effects model 1.39 [1.08; 1.69] 35.8
mRNA
R. Atmar, 2021_A 2.58 [242;2.74] 7.2%
R. Atmar, 2021_B 211 [1.91;231] 7.2%
R. Atmar, 2021_C 254 [243;265] 7.3%
R. Atmar, 2021_D 2.09 [1.89:2.29] 7.2%
R. Atmar, 2021_F 249 [2.30;2.68] 7.2%
R. Atmar, 2021_G 200 [1.81;219] 7.2%
Random effects model 2.31 [2.10; 2.52] 43.2
Viral Vector
R. Atmar, 2021_E 145 [1.21;169] 7.1%
R. Atmar, 2021_H 1.59 [1.26;1.92] 6.9%
R. Atmar, 2021_| 1.57 [1.31;1.83] 7.0%
Random effects model 1.52 [1.37; 1.68] 21.0
Random effects model 1.82 [1.48; 2.16] 100.0%
Heterogeneity: 1% = 98%, +* = 0.4089, p <0.01
1 1.5 2 25 3
B. Old People
Study Mean MRAW 95%-Cl Weight
Inactivated :
S. Clemens, 2022_A — 143 [1.25;1.61] 71%
S. Clemens, 2022_B 3 132 1.27;137 7.7%
S. Clemens, 2022_C - 1.42 [1.29;1.55] 7.4%
S. Clemens, 2022 D : 131 [1.28;1.34] 7.7%
Random effects model < 1.33 [1.29; 1.36] 30.0
mRNA }
R. Atmar, 2021_A : . 257 [2.39:2.75] 71%
R. Atmar, 2021_B - 191 [1.71;2.11]  7.0%
R. Atmar, 2021_C : - 225 [2.09;241] 7.3%
R. Atmar, 2021_D — = 1.82 [1.60;2.04] 6.9%
M. Gilboa, 2022 - 1.71 [1.63;1.79] 7.6%
R. Atmar, 2021_F — 232 [212:252] 7.0%
R. Atmar, 2021_G - 1.77 [1.55;1.99] 6.9%
Random effects model | — 2.05 [1.79; 2.31] 49.7
Viral Vector :
R. Atmar, 2021_E — 154 [1.22;1.86] 6.1%
R. Atmar, 2021_H —i— 1.59 [1.42;1.76]) 7.2%
R. Atmar, 2021_1 —a 1.62 [1.44;1.80] 7.1%
Random effects model - 1.60 [1.48; 1.71] 20.4
Random effects model - 1.75 [1.58; 1.92] 100.0%

Heterogeneity: = 97%, = 0.0969, p < 0.01 I I L T '
1 15 2 25 3

Figure S1. Forest plot of the pooled log-transformed neutralisation antibody titres before

booster vaccination in different age groups



Study Mean MRAW 95%-Cl Weight

Inactivated-Inactivated :
Y. Zhang, 2022 : 256 [2.51;261] 6.5%

S. Clemens, 2022_A - : 232 [2.13;251] 62%
J. Ai, 2022 - 261 [2.46;2.76] 6.3%
H. Xie, 2022 : 242 [2.35;2.49] 6.5%
J. Ai, 2022_A —— 246 [2.22;2.70] 6.1%
Random effects model < : 2.49 [2.39; 2.58] 31.6%
Heterogeneity: [~ = 74%, t° = 0.0078, p < 0.01 :

mRNA-mRNA :

R. Atmar, 2021_A : = 3.58 [3.49;3.67] 64%
R. Atmar, 2021_B : == 3.51 [3.39; 3.63] 6.4%
R. Atmar, 2021_C : = 346 [3.38;3.54] 64%
R. Atmar, 2021_D . 3 3.26 [3.14;3.38] 6.4%
D. Canaday, 2021_A — 243 [1.82;3.04] 46%
D. Canaday, 2021_B — 2.76 [2.55;2.97] 6.2%
H. Xia, 2022 - 3.13 [2.97;3.29] 6.3%
L. Chu, 2021 : 3.28 [3.24;3.32] 6.5%
M. Gilboa, 2022 : - 341 [3.31;351] 64%
H. Gruell, 2022 : N 3.80 [3.68;3.92] 6.4%
Random effects model B 3.33 [3.20; 3.47] 62.1%
Heterogeneity: [© = 94%, ™ = 0.0407, p < 0.01 -

Viral Vector-Viral Vector :
R. Atmar, 2021_E - : 211 [1.96;2.26] 6.3%

Random effects model - : 2.11 [1.96; 2.26] 6.3%
Heterogeneity: not applicable H
Random effects model —— 2.96 [2.71; 3.20] 100.0%

Heterogeneity: 12 = 99%, v = 0.2385, p < 0.01

Figure S2. Forest plot of the pooled log-transformed neutralisation antibody titres after

homologous booster vaccination

Study Mean MRAW 95%-Cl Weight

Inactivated-Inactivated :
J. Li, 2021_A - ! 218

[2.10; 2.26] 12.6%
J. Ai, 2022 —— 268 [2.39;2.97] 121%
S. Kanokudom, 2022_A - 231 [2.22;2.40] 12.6%
S. Assawakosri, 2022_A B 233 [2.25;2.41] 12.6%
N. Angkasekwinai, 2021_A —— 2.19 [1.96; 2.42] 12.3%
Random effects model - 2.30 [2.19; 2.41] 62.2%
Heterogeneity: [© = 74° “=0.0093, p<0.0 :
mRNA-mRNA :
M. Gilboa, 2022 : - 3.34 [3.26;3.42] 12.6%
Y. Lustig, 2021 : 3.43 [3.41;3.45] 12.6%
Random effects model e 3.39 [3.31; 3.48] 25.3%
Heterogeneity: 12 = 80%, 1° = 0.0032, p = 0.03 1

Viral Vector-Viral Vector :
N. Angkasekwinai, 2021_B - 2.39 [2.30;2.48] 12.6%

Random effects model = 2.39 [2.30; 2.48] 12.6%
Heterogeneity: not applicable :
Random effects model _— 2.61 [2.13; 3.08] 100.0%

Heterogeneity: /2 = 100%, ©* = 0.4632, p < 0.01 ! ' ' '

Figure S3. Forest plot of the pooled log-transformed anti-RBD IgG after homologous booster

vaccination



Study Mean MRAW 95%-Cl Weight

Inactivated-mRNA :
S. Clemens, 2022_B : — 3.64 [3.54;3.74] 11.8%
Random effects model : - 3.64 [3.54; 3.74] 11.8%

Heterogeneity: not applicable

Inactivated-Viral Vector :
S. Clemens, 2022 C — 3.27 [3.16; 3.38] 11.8%

S. Clemens, 2022_D - 3.33 [3.24;3.42] 121%
Random effects model - 3.31 [3.24; 3.37] 23.9%
Heterogeneity: /° = 0%, t° < 0.0001, p = 0.39 :

Inactivated-Recombinant Protein :
J. Ai, 2022 —= 3.27 [3.13;3.41] 11.1%

J.Ai, 2022 B —_— 3.16 [2.86;3.46] 7.6%
Random effects model —_ 3.25 [3.12; 3.38] 18.8%
Heterogeneity: /© = 0%, t°< 0.0001, p = 0.52 :

mRNA-Viral Vector ;
R. Atmar, 2021_F — 3.20 [3.08;3.32] 11.6%

R. Atmar, 2021_G —— : 2.95 [2.81;3.09] 11.3%
Random effects model —_— 3.08 [2.83; 3.32] 22.8%
Heterogeneity I* = 86%, ©* = 0.0270, p <0.01 :

Viral Vector-mRNA :
R. Atmar, 2021_H P 3.45 [3.34;3.56] 11.7%

R. Atmar, 2021_1 —_— 3.15 [3.00; 3.30] 11.0%
Random effects model —_— 3.30 [3.01; 3.60] 22.7%
Heterogeneity: 12 = 90%, % = 0.0404, p < 0.01 :

Random effects model —_— 3.28 [3.14; 3.41] 100.0%

Heterogeneity: /% = 90%, t° = 0.0356, p < 0.01 | T ' T T '
2.8 3 32 34 36 38

Figure S4. Forest plot of the pooled log-transformed neutralisation antibody titres after

heterologous booster vaccination

Study Mean MRAW 95%-Cl Weight
Inactivated-mRNA :

S. Kanokudom, 2022_B : 3.58 [3.52;364] 9.1%
S. Assawakosri, 2022 B : 3.69 [3.63;3.75] 9.1%
S. Assawakosri, 2022_C i B 3.95 [3.87;4.03] 9.1%
N. Angkasekwinai, 2021_C : 371 [365;377 91%
Random effects model == 3.73 [3.59; 3.87] 36.5%
Heterogeneity: 1% = 94%, +* = 0.0186, p < 0.01 :

Inactivated-Viral Vector :
J. Li,2021_B : 3.10 [3.03;3.17] 9.1%

S. Kanokudom, 2022_C == 3.29 [3.21;3.37] 9.1%
K. Tawinprai, 2022 : - 3.81 [3.71;3.91] 9.0%
S. Assawakosri, 2022_D | 3.35 [3.27;3.43] 91%
N. Angkasekwinai, 2021_D | I 3.13 [3.05;3.21] 9.1%
Random effects model _ 3.33 [3.11; 3.56] 45.5%
Heterogeneity: I° = 97%, ©° = 0.0637, p < 0.01 :

Viral Vector-Inactivated :
N. Angkasekwinai, 2021_E - : 211 [1.98;2.24] 8.9%

Random effects model - : 211 [1.98;2.24] 8.9%
Heterogeneity: not applicable :

Viral Vector-mRNA :
N. Angkasekwinai, 2021_F 3.37 [3.30;3.44] 9.1%

Random effects model < 3.37 [3.30; 3.44] 91%
Heterogeneity: not applicable :
Random effects model —_ 3.37 [3.16; 3.59] 100.0%

Heterogeneity: 1% = 99%, ©° = 0.1332, p < 0.01 ' J ' J '



Figure S5. Forest plot of the pooled log-transformed anti-RBD IgG after heterologous booster

vaccination

A. Young People

Boost Prime
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
inacuvated I |
S. Clemens, 2022_A 22 246039 22 154 058 0.92 [0.63;1.21] 13.2%
H. Xie, 2022 100 242 037 46 093 0.35 : - 1.49 [1.37;1.61] 16.0%
Random y 6¢ ——— f 29.2
nRNA RNA
R. Atmar, 2021_A 26 360 028 26 258 0.41 —B— 1.02 [0.83;1.21] 15.0%
R. Atmar, 2021_B 25 365039 25 211052 Co—==—— 154 [1.29;1.79] 13.9%
R. Atmar, 2021_C 22 356 025 22 254027 —+ 1.02 [0.87;1.17] 15.6%
R. Atmar, 2021_| 23 332048 24 209 0.50 —_ 1.23 [0.95;1.51] 13.4%
Random effects I€ ¥ i .19 [0.96; 1.41]
R Atmar, 2021 E 26 208 0.51 26 145063 —%—— 0.63 [0.32:0.94] 12.9%
Random effects 2 26 —_ 0.6: .32; 0.
Random effects model 244 191 —_ 1.13 [0.90; 1.36] 100.0%

Heterogeneity: I* = B9%, ©* = 0.0840, p < 0.01 rrrrTrT
040608 1 12141618

B. Old People
Boost Prime

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Inactivated-Inac

S. Clemens, 2022_A 24 220084 24 143044 0.77 [0.39; 1.15] 12.9%
Random cts mo 24 24 ¢—- 0.77 [0.39; 1.15 12

NnRNA-mRNA :

R. Atmar, 2021_A 25 359 050 25 257 047 — 1.02 [0.75;1.29] 14.4%
R. Atmar, 2021_B 25 337046 25 191 0.51 —— 1.46 [1.19;1.73] 14.4%
R. Atmar, 2021_C 29 338 030 29 225043 — 1.13 [0.94; 1.32] 154%
R. Atmar, 2021 D 26 320038 26 1.820.56 —— 1.38 [1.12; 1.64] 14.5%
M. Gilboa, 2022 133 341056 133 1.71 050 - 1.70 [1.57;1.83] 15.9%
Random cts 2 23¢ —_— 1.3 1.06; 1.€ }

R. Atmar, 2021_E 24 215061 24 154 080 —=—— 0.61 [0.21;1.01] 12.5%
Random cts 2 2 —_— 0. ).21; 1. 12
Random effects model 286 286 e 1.18 [0.89; 1.47] 100.0%
Heterogeneity: I = 90%, +* = 0.1345, p < 0.01 | J J ‘

05 1 1.5 2

Figure S6. Forest plot of the pooled log-transformed neutralisation antibody titres between

before and after homologous booster vaccination in different age groups



A. Young People

Boost Prime
Study Total Mean SD Total Mean SD Mean Difference MD 95%-C| Weight
Inactivated-mRNA
S. Clemens, 2022 B 23 364 037 23 147 044 i — 217 [1.94;2.40] 14 7%
Random effects mode 23 23 - 217 [1.94; 2.40
Inactivated-Viral Vector
S. Clemens, 2022_C 22 332036 22 1.55 067 —— . 1.77 [1.45,2.09] 14.1%
S. Clemens, 2022 D 26 337 033 26 1.49 040 : — 1.88 [1.68;2.08] 15.0%
Random effects mode 8 48 ;e 1.85 [1.68; 2.02] 29.1
mRNA-Viral Vector .
R. Atmar, 2021_F 24 329046 24 249048 ——— : 0.80 [0.53;1.07] 145%
R. Atmar, 2021 G 24 302057 25 200048 —8— 1.02 [0.72;1.32]) 14.3%
Random effects mode 48 49 _ : 0.90 [0.69; 1.11] 28.8
Viral Vector-mRNA :
R. Atmar, 2021_H 21 350047 21 1.590.78 —— 1.91 [1.52;2.30) 13.5%
R. Atmar, 2021_1| 30 314 063 31 1.57 073 —8— 1.57 [1.23;1.91] 13.9%
Random effects mode 51 52 —_— 1.73 [1.39; 2.06] 27.4
Random effects model 170 172 ————— 1.59 [1.20; 1.98] 100.0%
Heterogeneity: /% = 93%, v* = 0.2572, p < 0.01 I ! ! I |

0.5 1 1.5 2 2.5

B. Old People

Boost Prime
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Inactivated-mRNA :
S. Clemens, 2022 B 26 363040 26 1.320.12 —=— 231 [215,247] 147%
Random effects mode 26 26 ' == 2.31 [2.15; 2.47] 14.7
Inactivated-Viral Vector
S. Clemens, 2022_C 25 322040 25 142033 . 1.80 [1.60;2.00] 14.4%
S. Clemens, 2022_D 26 329032 26 1.310.08 P 1.98 [1.85; 2 11] 14.8%
Random effects modé 51 51 | - 1.91 [1.74; 29.2
mRNA-Viral Vector
R. Atmar, 2021_F 25 311040 25 232052 ——+— : 0.79 [0.53;1.05] 14.0%
R. Atmar, 2021_G 26 289044 26 1.77 0.56 —— 1.12 [0.85;1.39] 13.9%
Random effects mode 51 5 — 0.95 [0.63; 1.27] 27.9
Viral Vector-mRNA :
R. Atmar, 2021_H 32 342 041 32 1.59 0.50 —— 1.83 [1.61;2.05] 14.3%
R. Atmar, 2021_| 22 317 047 22 162 043 — 1.55 [1.28;1.82] 13.9%
Random effects mode 54 54 _ 1.70 [1.43; 1.97] 28.2
Random effects model 182 182 —_— 1.64 [1.28; 1.99] 100.0%
Heterogeneity: I* = 95%, v* = 0.2189, p < 0.01 I J ' | '

Figure S7. Forest plot of the pooled log-transformed neutralisation antibody titres between

before and after heterologous booster vaccination in different age groups



