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Appendix 2: Data tables from the all-strain analyses

Question 1a: VE against COVID-19 infections change over time (>112 days) in individuals who have received a complete primary
COVID-19 vaccine series

Table A2-1: VE against COVID-19 infections” for completed primary series (all strains)

Baseline days Foll d Kk Iz/b G/b MOD
(weeks) ollow-up days (weeks) [W] [VV]
0-13 14-42 112-139 140-167 | 168-195 | 196-223 | 224-251 | 252-279 | 280-307 | 308-335 336+
(0-2) (2-6) (16-20) (20-24) (24-28) (28-32) (32-36) (36-40) (40-44) (44-48) (48+)
67% | 83%t | 61%* | 55%% | 50%tF | 57%F | 50%t¢ | 47%F | 50%* | 46%* | 53%* 5’91]’ [(g)'g]’ Yes
Any vaccine | 153,771 | [80,86] | [52,68] | [46,63] | [39,60] | [43,67] | [34,62] | [23,63] | [20,69] | [-31,80] | [6,77]
[-20,91] | [38,95] | [-29, 89] | [-39, 88] | [-45, 86] | [-38, 88] | [-46, 86] | [-50, 86] | [-49, 87] | [-63, 89] | [-50, 89]
8§(14) [ 39094 [21@8 | 31@5) | 20647 | 142) | 129 | 7000 | 506 | 1) | 20
32, | [0.37,
T1% | 87%t [FGO%E ISIUEE 520t | Savte | 4%t | 4B%E | SIOE | s1vr | so%r |G |t | Yes
Any mRNA [ 156, 80] | [84,90] | [57,74] | [46,65] | [39,63] | [35,64] | [30,61] | [24,64] | [22,69] | [10,78] | [7,82]
vaceine [12,92] | [53,97] | [-20,91] | [-38,88] | [-44, 87] | [-45, 87] | [-49, 86] | [-50, 86] | [-49, 87] | [-56, 89] | [-47, 91]
6@ | 28(39) | 1428 | 25@8) | 1320 | 11(13) | 94 | 5@ | 46 | 1) | 1)
48% | 69%t | B6%* | 50%* | 47%* | 59% | 60% | 32%* | 41%* 45% [(‘;’90] [(())'3296]’ Yes
Adny 4 [15,68] | [60,75] | [42,66] | [37,61] | [31,59] | [27,77] | [40,73] | [-14,60] | [-6, 68] [0, 70]
ACEROVINS 133, 821 | (18, 88] | [-15, 83] | [-24, 81] | [-30, 80] | [-19, 86] | [-11, 85] | [-50, 77] | [-44, 81] [-40, 82]
2@ (143 | 742 | 1200 | 743 | 2 | 303 | 203 | 1 1(1)
(24, | [0.29,
T3% | 86vt | GRWR | s2vitr | 4ovte | A6t | 44t | 6% | A0%tr | dovr | sswr | Do || Yes
BNTI6oh2 | 139,821 | [81,89] | [49,71] | [38,63] | [33,61] | [24,61] | [24,59] | [19,65] | [1,64] | [-5,72] | [12,77]
[4,92] | [51,96] | [24,89] | [ -39, 86] | [-43, 85] | [-47, 84] | [-48, 84] | [-48, 85] | [-54, 84] [-44, 89
465 | 1829 | 9@s) | 1828 | 120 | 6 | 809 | 3@ | 20 | 1y | 1
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92% | 76%* | T2%* | 68%* | 59%* | 62%* | 52%* | 66% 41,1 1045, )y
59] | 0.51]
mRNA-1273 [88,94] | [64,85] | [59,80] | [49,80] | [33,76] | [39,76] | [5, 76] | [-49,94]
(67,98] | [5,94] |[-11,93] | [-23,92] | [-41,90] | [-36,91] | [-53, 89] | [-68, 96]
1423 | 6@0) | 1047 | 40 4 (5) 6 (7) 2 (3) 101
43% | 72%t | 55%* | 50%* | 40%* | 94%t | T0% | -31%* [72;’] [8'566]’ Yes
ChAdOx1 [-5,69] | [61,79] | [35,69] | [31,64] | [15,57] | [48,99] | [38,86] | [-78, 52]
[-49, 83] | [14,91] | [-28, 85] | [-34, 84] | [-46,80] | [33, 100] | [-8,92] | [-85, 69]
2(3) | 1008 | 4@® | 8316 | 409 1(1) 101 102
17% | 61% 56% | 52% | 57% 55% | 56% | 45% | 43% 46% Efj]’ [8'1270]’ Yes
Ad26.COV2S | [-46,63] | [48,70] | [41,67] | [37,64] | [42,67] | [27,72] | [37,70] | [10,66] | [7,65] [13, 67]
[-55,69] | [27,79] | [17,77] | [10,74] | [19,77] | [6,79] | [14,78] | [-14,74] | [-17, 73] [-11, 75]
1(1) 4 (5) 34 4(4) 44 1(1) 2(2) 1(1) 1(1) 1(1)
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Figure A2-1: VE against COVID-19 infections * for specific primary series vaccines ( , ChoAdOx1, and mRNA-1273)

Primary Series Vaccine Effectiveness for Documented Infections, by Vaccine Brand

Vaccine -+ Ad26.COV2.S BNT162b2 = ChoAdOx1 —+— mRNA-1273

100+
iy

| | | i __ |

~
[&)]

501

25

Vaccine Effectiveness (%)

0-13 14-42 112-139 140-167 168-195 196-223 224-251
Days Since Completion of Primary Series

Only time points with at least 4 studies have been included in the figure.

The solid line indicates the WHO definition of preferred minimum level of VE and the dotted line is the minimum lower 95%Cls

# This is a combination of any, symptomatic, and asymptomatic infections. If a study reports any infections this is prioritised over symptomatic or
asymptomatic (when reported). If the study reports symptomatic and asymptomatic, then symptomatic is prioritised.
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Question 1b: VE against COVID-19 hospitalisations change over time (>112 days) in individuals who have received a complete

primary COVID-19 vaccine series

Table A2-2: VE against COVID-19 hospitalisations for completed primary series (all strains)

Baseline days I o

(weeks) Y Follow-up days (weeks) [w]/b [w]/b MOD
0-13 14-42 112-139 140-167 168-195 196-223 | 224-251 | 252-279 | 280-307 | 308-335 336+
(0-2) (2-6) (16-20) (20-24) (24-28) (28-32) (32-36) (36-40) (40-44) (44-48) (48+)

88% | 92% | 89%* | 86%* | 83%* | 82%* | 79%* | 80%* | 80% 74%* [ﬁ]’ [(())'753]’ Yes
Any vaccine | 175,941 | [89,94] | [84,92] | [81,90] | [74,88] | [70,89] | [65,87] | [62,90] | [38,93] [46, 87|
21,98] | [53,99] | [36,98] | [22,98] | [0,97] | [-7,97] | [-20,96] | [-19,97] | [-36, 97] [-41, 96]
a0 2165 [ 11@n | 1667 1049 | 6® | 700 | 3@ | 1 23)

87% | 93% | 89%* | 87%* | 84%* | 82%* | 80%* | 79%* 739%0* [7236] [(?';Z]’ Yes
Any mRNA |70, 95] | [89,95] | [83,93] | [80,91] | [73,90] | [69,90] | [64,88] | [57,90] 38, 88]
vacene 6,98 | [53,99] | [31,98] | [14,98] | [-5,98] | [-15,97] | [-27,97] | [-32, 97] [-50, 96]
3@ [ 1833 | 8@0) | 13@0) | 609 | 5 | 6 | 203 1)

90% | 89% | 85% | 82% | 82% | 9% | 82% | 79% 76% [6353] [8‘2‘;]’ Yes
Adny ‘ 83,94] | [81,94] | [75,91] | [66,90] | [46,94] | [52,91] | [47,94] | [39,93] 25, 92]
adenovirus 46,98] | [42,98] | [23,97] | [2,97] | [-18,97] | [-18,97] | [-16,97] | [-28, 97] [-40, 96]
915 [ 5an | say | 40 | 1ty | 22 | 1ty | 100 1(1)

88% | 92% [ 88%* | 84%+* | 81%* | 77%* | TI%* | 74%* 687+ [72;‘]’ %)';‘63]’ Yes
BNTleohe | 147,971 | 187,951 | [80,93] | [73,90] | [67,89] | [55,88] | [56,88] | [44, 88] 27, 86]
[-15,99] | [52,99] | [27,98] | [0,97] | [-15,97] | [-34, 96] | [-34,96] | [-43, 96] [-55, 95]
1 |13ey feay | 7a2 | ¢® | 360 | 56 | 20 12

87% | 96% | 95% | 91%* | 87%* | 88%* | 84%* | 82%* 779 | 6% |09 1§

mRNA-1273 311 | 0.35]

[-24,99] | [93,97] | [91,97] | [85,95] | [69,95] | [76,94] | [59,94] | [60,92] [46, 91]
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[-44,99] | [83,99] | [80,99] | [67,98] | [42,97] | [51,97] | [26,97] | [23,96] [-2, 95]
1y | 6an | 36 | 40 | 20 36) | 202 23) 102
92% 92% | 87%* | 84%* 78% [5’26] [()9';52]’ Yes
ChAdOXx1 187,96] | [86,95] | [78,93] | [70,92] [31, 93]
(67,98] | [63,98] | [43,97] | [26,97] [-25, 96]
7(12) | 409 6 (8) 3 (5) 101
74% 79% | 3% | 74% 70% | 70% 70% | 65% 59% [%]6’ [00.'5(%)3]’ Yes
Ad26.COVZS [23,91] | [24,94] | [31,90] | [9,93] |[-13,92] | [-6,92] | [-12,92] | [-20, 90] [-42, 90]
[-24, 95] | [-19, 96] | [-20, 94] | [-32, 95] | [-46, 95] | [-42, 95] | [-45, 95] | [-50, 94] [-63, 94]
2(2) 1(1) 2(2) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1)
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Figure A2-2: VE against COVID-19 hospitalisations for specific primary series vaccines ( , , and mRNA-1273)

Primary Series Vaccine Effectiveness for Hospitalisations, by Vaccine Brand

Vaccine BNT162b2 -+~ ChoAdOx1 == mRNA-1273

100 1

it T i1
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25

Vaccine Effectiveness (%)

14-42 112-139 140-167 168-195 224-251
Days Since Completion of Primary Series

Only time points with at least 4 studies have been included in the figure.
The solid line indicates the WHO definition of preferred minimum level of VE and the dotted line is the minimum lower 95%Cls
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Question 1c: VE against COVID-19 deaths change over time (>112 days) in individuals who have received a complete primary

COVID-19 vaccine seties

Table A2-3: VE against COVID-19 deaths for completed primary series (all strains)

Baseline days Follow-un d e o
(weeks) p days (weeks) [VV]/b [VV]/b MOD
0-13 14-42 112-139 140-167 | 168-195 | 196-223 | 224-251 | 252-279 | 280-307 | 308-335 336+
(0-2) (2-6) (16-20) (20-24) (24-28) (28-32) (32-36) (36-40) (40-44) (44-48) (48+)
91% | 91% | 85%+* | 86% | 85% | 83% | 88% | 85% 80% %96] [()9';‘136]’ Yes
Any vaccine 85,95 | [81,95] | [73,91] | [73,93] | [61,94] | [64,92] | [61,96] | [52,95] 34, 94]
45,99] | 37,99 | 13,98] | [9,98] |[-11,98] | [-13,98] | [0,99] |[-20,98] [-40, 98]
0we) | 40 [8as | 29 | 20 | 30 | 1) | 10 1(1)
94% | 96% | 87%* | 90% | 88% | 87% [7215] [()9';19]’ Yes
Any mRNA 88,97] | [86,99] | [73,94] | [76,96] | [45,97] | [59, 9]
vacene [55,99] | [59,100] | [-2,98] | [17,99] | [-30,99] | [19, 99]
815 | 20 | 6® | 2090 | 1) | 20
84% | 1% | 5% | 82% | 7% | 9% | 82% | 76% 6o | 07 [ 10571y
25] | 0.35]
Any [72,91] | [47,90] | [53,86] | [62,91] | [9,94] | [46,92] | [26,95] | [10,94] [-19, 92]
adenovirus 28,96] | [-15,95] | [-14,94] | [11,96] | [-39,97] | [-11,96] | [-24,97] | [-39, 97] [-55, 96]
70400 | 3@ | 50 | 36 | 1 | 20 | 1ty | 100 1(1)
95% | 93% | 89%* | 89%* 830/0* [i]é’ [8'143]’ Yes
BNT162b2 93,97] | [77,98] | [81,94] | [82,94] [55, 94]
86,98] | [67,98] | [67,97] | [68,96] 34, 96]
5 (7) 1(1) 33) 2 (4) 1(1)
14, | [0.17,
AL 97% 93% | 95% 8870+ [0] [0.001 Yes
92, 99] [77,98] | [89, 98] 75, 94]
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[91, 99] [75,98] | [87,98] 71, 95]
3®) 1@ 1@ 1@
94% | 82% | 79%* | 88% 82%%* 6[2’] [Oogé%’ Yes
ChAdOx1 [89,96] | 19,96] | [65,88] | [76,94] [65, 91]
[85,97] | [4,97] | [51,91] | [68, 95] [54, 93]
) 1@ 22 1@ 1@®
63% | 83%* | TI%* | T8%* | T4% | TI% | 80% | T4% oo | L [ 100y
28] | 0.13]
Ad26.COV2.S [47,75] | [74,88] | [68,84] | [70,84] | [57,85] | [66,84] | [64,89] | [61,82] [40, 81]
[42,77] | [71,90] | [64,86] | [67,86] | [54,86] | [63,86] | [61,89] | [57,84] [35, 82]
44 22 30 30 1@ 1O 1) 1@ 1@
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Question 2a-1: VE against COVID-19 infections change over time (>84 days) in individuals who have received a complete primary
COVID-19 vaccine series plus one additional dose — comparison to unvaccinated

Table A2-4: VE against COVID-19 infections” for completed primary series and one additional dose (all strains)

Baseline days Foll d K 12/b G/b MOD
(weeks) ollow-up days (weeks) [VV] [VV]
0-6 7-28 84-111 112-139 | 140-167 | 168-195 | 196-223 | 224-251 | 252-279 | 280-307 308+
(0-1) (1-4) (12-16) (16-20) | (20-24) | (24-28) | (28-32) | (32-36) | (36-40) | (40-44) (44+)
24 [0.34
0 0/, 0/, % _140/% [24, )
69% 55% 42% 14% 76] 0.61] Yes
Any vaccine [56, 79] | [35,69] | [13,61] | [-48, 30]
[-23, 93] | [-48, 89] | [-60, 86] | [-81, 74]
14 (29) | 12 (24) 8 (106) 2 (6)
34 [0.34
0 0/ % 0/ % 910/ % [34, >
66% 49% 36% 21% 66] 0.48) Yes
Any .mRNA [53,75] | [30, 63] [9,55] | [-50, 21]
vaccine
[-14,90] | [-42, 85] | [-55, 81] | [-78, 65]
13 (25) | 11 (20) 8 (106) 2 (6)
o o [9, [0.37,
82% 75% 90] 1.17] Yes
Any [-30, 98] | [-51, 97]
adenovirus
[-85, 100] | [-90, 99]
24 24
13 [0.33
0 0/, % 0/, % _000/ % 13, >
71% 60% 50% 29% 87] 0.84] Yes
BNT162b2 [48,84] | [27,78] | [4,74] | [-72,45]
[-49, 9¢6] | [-63, 94] | [-71, 93] | [-91, 82]
9 (16) 8 (15) 5() 1)
99 [0.43
o 0/ %k 0/ % WAYAS [ > >
mRNA1273 71% 31% 32% 6% 0] 0.00] Yes
[54, 81] | [-25,064] | [1,54] | [-38, 30]
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[19, 89]

[-53, 77]

[-45, 75]

[-65, 61]

30)

22

29

1O

ChAdOx1

77%

78%

3,
95]

[0.15,
0.90]

Yes

[-28, 96]

[-26, 97]

[-80, 99]

[-80, 99]

203

209

Ad26.COV2.S
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Question 2b-1: VE against COVID-19 hospitalisations change over time (>84 days) in individuals who have received a complete
primary COVID-19 vaccine series plus one additional dose — comparison to unvaccinated

Table A2-5: VE against COVID-19 hospitalisations for completed primary series and one additional dose (all strains)

2
Baseline days Follow-up days (weeks) [\;/b [v:;/b MOD
(weeks) | :
06 728 | 84111 | 112-139 | 140-167 | 168-195 | 196-223 | 224-251 | 252-279 | 280307 | 308+
©O1) | @4 | @216 | 16-20) | (20-24) | 24-28) | (28-32) | (32-36) | (36-40) | (40-44) | (44+)
78% | 89%t | T4%* | 7T1%* | 87% E’j]» [()9575], Yes
Any vaccine | 160, 88] | [82,93] | [60,83] | [51,83] | [60, 95]
[17,94] | 59,97 | 8,93] | [-6,92] | [33,97]
1@ | 7ay | 8@y | 46 | 1@
79% | 90% | 78%* | 75%* | 87% 5352] [(());’35] Yes
Any mRNA [ (58 90] | [85,93] | [69,84] | [60,84] | [62,95]
vacane 31,94] | [71,96] | 37,92] | [25,91] | [44, 97]
1@ | 702 | 8as | 460 | 1)
82% 76%
Any [54, 93] [72, 80]
adenovirus
12 12
86% | 77%* | 71+ | 85% [;‘61]» [(())32; Yes
BNT162b2 78,91] | [65,85] | [51,83] | [60, 94]
160,95 | 37,92 | [17,90] | [43,96]
5(7) 5 (7) 3(3) 1(1)
0% | 84% | 77%
mRNA-1273 87,93] | [78,88] | [63, 86]
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1) 1 1)
82% 76%
[54, 93] [72, 80]
ChAdOx1
1(2) 1(2)
Ad26.COV2.S
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Question 2c-1: VE against COVID-19 deaths change over time (>84 days) in individuals who have received a complete primary
COVID-19 vaccine series plus one additional dose — comparison to unvaccinated

Table A2-6: VE against COVID-19 deaths for completed primary series and one additional dose (all strains)

Baseline d o
as(fve‘;is)ays Follow-up days (weeks) [w]/b [w]/b MOD
0-6 728 | 84111 | 112-139 | 140-167 | 168-195 | 196-223 | 224-251 | 252-279 | 280-307 | 308-335
(0-1) a-4) | d2-16) | (16-20) | (2024) | (24-28) | (28-32) | (32-36) | (36-40) | (40-44) | (44-48)
[61, | [0.31,
0 0 0 0 0
83% 87% 86% 85% 73% 3 | 0 | Yes
Any vaccine | 167,911 | [74,93] | [76,92] | [66,93] | [:37,9¢]
[49,94] | [60,96] | [61,95] | [50,95] | [-48, 96]
14 22 3(6) 1) (1)
[0, | [0.00,
0 0 (1) 0 0
81% 87% 87% 84% 76% 85 | 024 | YOS
Any mRNA [ 163,90] | [80,92] | [81,92] | [75,90] | [-35, 96]
vaceine 52,92] | [73,94] | [73,94] | [66,92] | [-42, 97]
12 2(2) 34 1) 1(1)
83% 82%
Any [61, 93] [50, 94]
adenovirus
12 12
[0, | [0.00,
0 0 0 0
87% 87% 83% 78% o | 0a | Yes
BNT162b2 48,97 | (47,971 | [33,96] | [-83,99]
[-19,99] | [-21,99] | [-38, 98] | [-89, 99]
22) 22 1(1) 1(1)
mRNA-1273
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83% 82%
[61, 93] [50, 94]
ChAdOx1
1(2) 1(2)
Ad26.COV2.S

33



Appendix 3: Details of meta-analytic procedure

Reports were included for meta-analytic review when they met all the following criteria:

1. Reported vaccine effectiveness (VE), risk ratio (RR), odds risk (OR) or hazard ratio (HR) data, along
with corresponding confidence intervals (Cls)

2. Provided the above with regards to (a) cases, (b) hospitalisations, or (c) deaths due to COVID-19

3. Reported data for baseline (0-42 days since second dose of vaccine) and for at least one follow-up time
point (2 112 days since complete primary series of a vaccine or 2 84 days since an additional dose of
the vaccine

All estimates, and their corresponding Cls, were converted to risk ratios (RRs). RRs were then log-
transformed for use in meta-analytic models, and the CIs were used to derive a standard error for each
effect size.

Random effects models were used to calculate pooled effects, as we anticipated meaningful heterogeneity
across studies and group comparisons (e.g., follow-up time points). When data was available, subgroup
analyses were computed to examine how patterns of findings varied according to:

1. Type of vaccine

a) Overall (i.e., any vaccine)

b) mRNA vaccines
i) Moderna (mRNA-1273)
i) Pfizer-BioNTech (BNT162b2)

c) Any adenovirus
i) AstraZeneca/COVISHIELD (AZD1222/ChAdOx1)
i) Janssen (Johnson & Johnson: Ad26.COV2.S)

2. Variants of Concern (VOC):
a) Any variant
b) Omicron

All analyses for the current report were computed using the mezafor package in R (version4.1.2). As of
update 10.6 of our review, we used a multi-step procedure to determine which model to report according
to the subgroups above.

First, when multiple studies were available for a given subgroup (e.g., when examining the effects of any
vaccine type on cases), we computed three-level meta-analytic models, nesting effect sizes within studies.
These models used the Restricted Maximum Likelihood procedure to obtain estimates. Moderation tests
were computed to examine whether vaccine effectiveness (VE) at each follow up time period differed from
the two baseline time points (e.g., 0-14 days and 14-42 days for the VE of the primary series).

Second, when only a single study was available for a given subgroup, separate random-effects models were
used to estimate VE at each time point, treating all cohorts as independent groups. These models were
computed using the DerSimonian and Laird procedure. This secondary option is equivalent to the meta-
analytic procedure used in older versions of our review (i.e., prior to version 10.06).

Third, in cases when multiple studies were available, but the three-level models failed to produce results

(e.g., due to model convergence difficulties), the results of random effects models were used instead (as per
step 2). This third scenario did not occur for any of the models reported in version 10.6 of our report.
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When our results tables indicate that moderation was formally tested, the subgroup employed three-level
models. When tables indicate that no moderation was formally tested, the subgroups employed random
effects models.

Imputations used in order to compute meta-analytic models

In order to be included in meta-analytic models, each effect size extracted from reports needed to be
accompanied by a corresponding standard error (SE). The standard error was always derived from the
confidence intervals provided. However, several values were not usable for computation and needed
adjustment. Similarly, a few VE point-estimates required adjustments to compute models. The table that
follows lists each of the adjustments we applied, along with our rationale.

Problem Case Explanation and Solution

1. Provided Cls were Because standard errors (SEs) were derived from Cls, asymmetric Cls
asymmetric (when would produce two competing standard errors (SEs). To resolve this,
computed as log RRs). we calculated the SE implied by both the upper and lower CI, and

selected the larger of the 2 SEs for use in models. This represents the
more conservative approach (assuming more, rather than less, error in
estimates extracted).

2. VE estimates were negative | If the original metric was an RR, OR, or HR, this was not a problem,

in magnitude (of, and the estimate could be used directly in analyses.

equivalently, RRs were >1.0 | When the original metric was a VE, we needed to take into account the
in magnitude). Applies to calculating VEs typically assumes a positive number, where:

point estimates and Cls. VE = (1-RR)*100

When an RR is less than 1, the plausible range of VE is 0% to 100%. If
we extend the logic of VE to the negative range, then we could assume
that VE equal to -100% represents non-vaccination offering the
highest protection. From this extension, VE can have a range of -

100% to 100%.

However, VE is negative, its relation to RR would need to be adjusted
as the RR metric is unbounded in the positive range (ranges 0 to
infinity). Consequently, when VE is negative (or RR>1), we used the
following formulas to convert between the two metrics.
A negative VE is assumed to reflect the following formula:

VE = (-1 + 1/RR)*100

RR =1/ (VE/100 +1)

3. VE point estimate was Both these cases make it impossible to calculate a log-transformed RR
100%, or RR point estimate | (as the transformation cannot be applied to a value of zero). We
was 0. therefore imputed VE estimates of 100% with a VE of 99.5%

(equivalent RR would be .005). The choice of 99.5% stemmed from a
recognition that VE is often reported without decimals, and that a
value of 99.5% would be likely to be rounded up. This decision is more
conservative than using a value between 99.5 and 100).

4. Upper CI was equal to VE | Causes a similar problem as when the point estimate is VE = 100%. If
= 100% or RR = 0. a lower CI was available, we used that CI instead to derive the SE.
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Otherwise, we imputed a value of VE = 99.9% (or RR = .001). This
allowed us to derive SEs while recognizing that the value may
approach 100%.

5. Lower CI is VE = 100 or
RR =0.

Causes a similar problem as when the point estimate is VE = 100%. If
an upper CI was available, we used that CI instead to derive the SE.
Otherwise, we imputed a value of VE = 97.5% (or RR = .025). This
allowed us to derive SEs while recognizing that the value may
approach 100%.

The values of 99.9% for the upper CI and 97.5% for the lower CI were
chosen to be symmetrical (in the log RR scale) around the value of VE
= 100%.

6. A study cohort had a point
estimate for VE available,
but no Cls.

No SE could be computed for such effects, and they were removed
from the meta-analytic models. We further flagged these cases to
comment on and acknowledge within our report.

7. A study cohort had a point
estimate, but only one CI.

In such cases, we used the SE suggested by the CI that was provided.

8. A CI was reported as -/+
Infinity or a CI was

reported as less than - 100%
(i.e. -189.8%)

We treated “infinity” or “less than -100%”as a missing value. We
reasoned such estimates would have large enough errors as to be too
imprecise to warrant including within our models.

9. One of the Cls was equal in
value to the point estimate.

When a CI is equal in magnitude to the point estimate, the implied
standard error (SE) is effectively zero. SEs of zero cannot be used in
analyses, so we used the other (provided) CI to derive an SE. This rule
can be seen as a specific case of rule #1.

10.Both CIs were equal in
magnitude to the point
estimate.

When both Cls are equal in magnitude to the point estimate, both
imply a standard error (SE) of zero, which cannot be used in meta-
analytic models. Since SEs of zero are not usually plausible, such
occurrences were taken to be artifacts of rounding estimates in
reporting when SE was very low. Because low SEs are particularly
valuable in meta-analytic reviews, we sought to retain these studies
while accounting for this.
Our solution was to add a 5 beyond the last decimal of the upper CI
reported, and subtract a 5 beyond the last decimal of the lower CI
reported. For example:

[CI = 15.5 - 15.5] -> [CI = 15.45 - 15.55]

[CI=15-15]-> [CI = 14.5 - 15.5]
This rule was derived assuming that these cases derived from rounding
error (i.e., rounding the imputed values to the right to have one fewer
decimal point would lead to the values on the left). This rule allowed
us to retain estimates for meta-analytic modeling while accounting for
the fact that these studies would have small SE values.
Since 2 Cls were imputed, the meta-analysis used the whichever
produced the larger SE as per rule #1.
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outside the range of the CI. | the assumption that the point-estimate was accurate and used the CI
that had a plausible value to derive SEs (e.g., the upper CI if it was
higher than the point estimate, or the lower CI if it was below the
point estimate).

11.The point estimate was This was assumed to be an error in reporting. We thus operated under

Indices of Heterogeneity

As of version 10.7 of our review, we are computing three indices of effect size heterogeneity to qualify the

findings from our meta-analytic models. These indices are computed whenever we produced three-level
meta-analytic models (i.e., they were not produced for random-effects models) and include:

1. 95% Prediction Intervals (PI). Prediction intervals reflect the likely range within which a future effect

size (i.e., a VE estimate from a new study, or VE observed in a new context) would be expected to fall.

Prediction intervals are produced for every point estimate within the models (i.e., at each time point)

and account for both sampling error and true variability in the population of effect sizes we are

studying. Prediction intervals are represented in the same unit as our other estimates (i.e., VE as a

percentage).

a) Formal Interpretation: 1f we were to repeat our sampling of effect sizes (i.e., from primary studies) an
infinite number of times, and then collected a new data point (i.e., a VE estimate from a new study),
then 95% of the generated prediction intervals would be expected to capture the new data point.

. 0 (Sigma): o represents the estimated standard deviation in the (true) population of VE (i.e., without

sampling error). The unit of this index is the same as used during the meta-analytic process; in our case,

0 is provided in log odds ratios. In three-level models, 0 can be divided into two levels.

a) Within-Study o: Indicates variability in VE within studies.

b) Between-Study o: Indicates variability in VE between studies. The between-study 0 is comparable in
interpretation to the tau (T) parameter produced in traditional random effects models.

. I?. The value of I* (which ranges from 0 to 1) captures the proportion of variability in observed effect

sizes which cannot be attributed to sampling error. For example, a value of 0 indicates that most of the

variability in VE estimates may be due to sampling errors, and a value of 1 indicates that most of the

variability can be attributed to true variation in VE across studies (accounting for any sampling

error). This relative index of heterogeneity can be broken down into two levels:

a) Within-Study I’ Indicates the relative heterogeneity in VE observed within studies.

b) Between-Study I: Indicates the relative heterogeneity in VE observed between studies. The between-
study I” is comparable in interpretation to the I? produced in traditional random effects models.
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Appendix 4: Definitions and glossary

Full vaccine series: Receipt of one of the following COVID-19 vaccines authorised by Health Canada:

e Two doses of AstraZeneca/ COVISHIELD (AZD1222/ChAdOx1), Moderna (mRNA-1273), or Pfizer-
BioNTech (BNT162b2);

® One dose of Janssen (Johnson & Johnson: Ad26.COV2.S); or

e A combination of the above

Fully vaccinated: A person who is at least 14 days post having received one of the following vaccine
schedules:

o the full series of a COVID-19 vaccine authorized by Health Canada (see above); or

e the full series of the above vaccines plus an additional dose in immunocompromised individuals

Additional dose: A person who has received:
e 2 full series of a COVID-19 vaccine authorised by Health Canada (see above) plus an additional dose of
a COVID-19 vaccine authorised by Health Canada; or

e the full series of the above vaccines plus two additional doses in immunocompromised individuals

Confirmed infection: A person with confirmation of infection with SARS-CoV-2 documented by the
detection of at least 1 specific gene target by a validated laboratory-based nucleic acid amplification test
(NAAT) assay (e.g. real-time PCR or nucleic acid sequencing) performed at a community, hospital, or
reference laboratory (the National Microbiology Laboratory or a provincial public health laboratory) (2).

Symptomatic illness: A person with confirmation of SARS-CoV-2 infection, presenting symptoms that
vary in type, frequency, and severity. The most common symptoms include fever, chills, new or worsening
cough, fatigue, headache, and gastrointestinal symptoms (3).

Asymptomatic infection: A person with confirmation of SARS-CoV-2 infection but with no presentation
of symptoms in the course of the disease.

Hospitalisation due to COVID-19: Inpatient admission to a hospital and/or ICU unit, associated with
laboratory-confirmed SARS-CoV-2 infection.

Death due to COVID-19: Death resulting from a clinically compatible illness in a probable or confirmed
COVID-19 case, with no presence of clear alternative causes unrelated to COVID-19 (e.g., trauma,
poisoning, drug overdose).

Variants of concern (VOC): A SARS-CoV-2 variant is considered a VOC in Canada based on a set of
criteria including increased transmissibility or detrimental change in COVID-19 epidemiology, increased
virulence, decreased effectiveness of vaccines, and so on. As of August 05, 2021, Canada has designated
the following SARS-CoV-2 variants as VOCs: Alpha (B.1.1.7), Beta (B.1.351, B.1.351.1., B.1.351.2,
B.1.351.3, B.1.351.4), Gamma (P.1, P.1.1, P.1.2), Delta (B.1.617.2, AY.1, AY.2, AY.3, AY.3.1), and
Omicron (B.1.1.529, BA.1, BA.2, B.A.3).

Vaccine effectiveness (VE): A measure of how well a vaccine protects people from getting the outcome
of interest in real-world practice (For example: VE of 92% against infection means that 92% of people will
be protected from becoming infected with COVID and 8% of people will still be at risk of becoming
infected with COVID). In the context of the current report, we have utilised the term vaccine effectiveness
to cover all studies. However, we are aware that the studies that have been included range from efficacy
through to effectiveness studies. We decided to use this terminology as it is consistent with how most
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evidence synthesis products describe these studies. To be consistent with this, in the French summary we
have utilised the term efficacité, and it is noted that in French there is no distinction between the
translations of efficacy and effectiveness.

AZ: AstraZeneca

ClIs: Confidence Intervals

Delta: variant of concern B.1.617.2
HCW: Healthcare workers

LTC: Long-term care

LTCF: Long-term care facility
MOD: Moderna

Obs: observational study
Omicron: variant of concern B.1.1.529
OR: odds ratio

PF: Pfizer

RCT: Randomized controlled trial
RoB: Risk of Bias

UK: United Kingdom

USA: United States of America
VOI: variant of interest

WHO: World Health Organization



Appendix 5: Critical appraisal process

We appraised the quality of the individual studies using an adapted version of ROBINS-I. This tool
classifies the Risk of Bias of a study as Low, Moderate, Serious, Critical, or No Information. Low Rzsk
of Bias indicates High Quality, and Critical Risk of Bias indicates V'ery Low (insufficient) Quality. ROBINS-I
appraises 7 bias domains and judges each study against an ideal reference randomised controlled trial. To
improve the utility of ROBINS-I for assessing studies reporting vaccine effectiveness, we have focused on
study characteristics that introduce bias as reported in the vaccine literature (see WHO. Evaluation of
COVID-19 vaccine effectiveness. Interim Guidance. 17 March 2021). An overall judgement of “serious”
or “critical” is given when the study is judged to be at critical risk of bias in at least one domain. Three or
more serious risk of bias domains is given an overall risk of bias of critical.
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Appendix 6: Data-extraction template

Study details

Source First author of study and year of publication

Location Country data was collected in

COlI If conflicts of interest were reported

Funding public or industry

Study type RCT/cohort/data-linkage/ test-negative/ case-control/other

Publication format

Peer-reviewed / pre-print / report

Population(s) general public/L.TC/Households/HCW/Other
Total (N) Total study sample

Age Description of age of the population

Female number ot %

Definition of cases

How were COVID-19 cases defined

Definition of

COVID How were COVID-19 hospitalisations defined
hospitalisations

Definition of How were COVID-19 deaths defined

COVID deaths

Vaccines Details of what vaccines were included in the study

Booster dose

Did the study report on booster doses (Y /N)

Comparator

What comparison group was used to generate VE

Study calendar time

When was the study actually conducted

Outcomes

Variant sub-group

Was a specific variant being studied (any, delta, or omicron)

Was VOC sequenced

Yes or no, only applicable if looking at a variant

Outcome

Cases, hospitalisations, or deaths

Specific vaccine

If individual vaccine data is reported

Vaccine class

mRNA, adenovirus, or mixed (reporting mRNA, adenovirus, and/or mixed
doses)

Effect measure used

VE, RR, or other

Level of Cls

95% or 99%

Time window

Time since second dose administered

VE outcome

Reported point estimate

Lower CI

Reported lower CI

Upper CI

Reported upper CI

Adjustments

What variables were used to adjust for in analyses

Comments
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Appendix 7a: Flow chart of studies included in the current update:

Records identified =

c . -
1? Records removed before screening Recolzdsclldenhﬁﬁd_from
P NIH = 162 — e an 5"3"_;1'9 5
- _ ) _ masters covid-19 =
s Embase = 151 Duplicates = 88 WHO newsletier = 5

Records screened = 224 1 Records excluded =174 Records screened = 14 — Records excluded =7

¥ )
- . . Reports sought for . -
Reports sought for Reports not retrieved = 1 retrieval =7 Reports not retrieved = 0
retrieval = 50
=]
=
=
-
5
w
Assessed for eligibility =49  |— Excluded = 46 Assessed for eligibility =7 —— Excluded =6

Included =3

L

Included = 1

Total number of included studies = 4
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Appendix 7b: Studies excluded from the current update (from databases and hand search):

Adams et al.

Adams etal

Ailsworth et al

Ali et al.

Al-Momani et
al

Vaccine Effectiveness of Primary Series and
Booster Doses against Omicron Variant

COVID-19-Associated Hospitalization in the

United States
Vaccine effectiveness of primary series and
booster doses against covid-19 associated

hospital admissions in the United States: living

test negative design study.
Enhanced SARS-CoV-2 IgG durability following
COVID-19 mRNA booster vaccination and

comparison of BNT162b2 with mRNA-1273.

Disease severity and efficacy of homologous

vaccination among patients infected with SARS-
CoV-2 Delta or Omicron VOCs, compared to
unvaccinated using main biomarkers
Effectiveness of Pfizer/BioNTech and

Sinopharm COVID-19 vaccines in reducing

hospital admissions in prince Hamza hospital,

Jordan.

Preprint -
medRxiv

BM] (Clinical

research ed.)

Annals of allergy

Journal of Medical
Virology.

Frontiers in public

health

wrong study
duration

wrong
comparator

wrong outcome
wrong
outcome,
wrong study
design

wrong study
duration

42



Almufty et al.

Altarawneh et
al.

Andeweg et al

Andrejko et al.

Andrejko et al.

Anonymous

Arashiro et al.

Bahremand et
al

Bansal, et al.

Barda et al.

Barda N etal

Ben Tov et al.

COVID-19 vaccine breakthrough infection
among fully vaccinated healthcare workers in
Duhok governorate, Iraqi Kurdistan: A
retrospective cohort study

Effects of Previous Infection and Vaccination
on Symptomatic Omicron Infections

Protection of COVID-19 vaccination and
previous infection against Omicron BA.1, BA.2
and Delta SARS-CoV-2 infections

Prevention of Coronavirus Disease 2019
(COVID-19) by mRNA-Based Vaccines Within
the General Population of California

Waning of two-dose BNT162b2 and mRNA-
1273 vaccine effectiveness against symptomatic
SARSCoV-2 infection is robust to depletion-of-
susceptibles bias

Corrigendum: COVID-19 Vaccination
Breakthrough Infections in a Real-World Setting:
Using Community Reporters to Evaluate
Vaccine Effectiveness (Infect Drug Resist.,
(2022), 1, (5167-5182), 10.2147 /IDR.S373183)
COVID-19 vaccine effectiveness against
symptomatic SARS-CoV-2 infection during
Delta-dominant and Omicron-dominant periods
in Japan: a multi-center prospective case-control
study (FASCINATE study)

Rates of COVID-19-Associated Hospitalization
in Immunocompromised Individuals in
Omicron-era: A Population-Based Observational
Study Using Surveillance Data in British
Columbia, Canada

Duration of COVID-19 mRNA Vaccine
Effectiveness against Severe Disease

Comparing immunogenicity and efficacy of two
different mRNA-based COVID-19 vaccines as a
fourth dose; six-month follow-up, Israel, 27
December 2021 to 24 July 2022

Comparing immunogenicity and efficacy of two
different mRNA-based COVID-19 vaccines as a
fourth dose; six-month follow-up, Israel, 27
December 2021 to 24 July 2022

BNT162b2 mRNA COVID-19 vaccine
effectiveness in patients with coeliac disease

Journal of Medical
Virology

New England
Journal of
Medicine
medRxiv

Clinical Infectious
Diseases

Preprint -
medRxiv

Infection and
Drug Resistance
Clinical infectious
diseases: an official
publication of the
Infectious
Diseases Society
of America
medRxiv

Vaccines

Euro surveillance :
bulletin Europeen
sur les maladies
transmissibles =
European
communicable
disease bulletin

Eurosurveillance
Journal of
Pediatric

wrong outcome

wrong study
duration

Previously
excluded
preprints - new
data reported
wrong study
duration

already included

wrong study
design
wrong study
duration

Wrong study
duration

wrong study
duration

wrong
comparison

wrong study
duration
Wrong
publication type
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Bhatnagar et al.

Bielopolski et
al.

Bobrovitz et al

Britton et al

Buchan et al.

Chatzilena et
al.

Chiew et al.

Chin et al

Cocchio et al

Collie et al

Contractor et al

Copur et al.

autoimmunity: Real world data during mass
vaccination campaign

Effectiveness of BBV152/Covaxin and
AZD1222/Covishield vaccines against severe
COVID-19 and B.1.617.2/Delta variant in India,
2021: a multi-centric hospital-based case-control
study

BNT162b2 vaccine effectiveness in chronic
kidney disease patients-an observational study
Protective effectiveness of prior SARS-CoV-2
infection and hybrid immunity against Omicron
infection and severe disease: a systematic review
and meta-regression

Effectiveness of COVID-19 mRNA Vaccines
Against COVID-19-Associated Hospitalizations
Among Immunocompromised Adults During
SARS-CoV-2 Omicron Predominance - VISION
Network, 10 States, December 2021-August
2022.

Estimated Effectiveness of COVID-19 Vaccines
Against Omicron or Delta Symptomatic
Infection and Severe Outcomes

Effectiveness of BNT162b2 COVID-19
Vaccination in Prevention of Hospitalisations
and Severe Disease in Adults with Delta
(B.1.617.2) and Omicron (B.1.1.529) Variant
SARS-CoV-2 Infection: A Prospective Test
Negative Case-Control Study

Effectiveness of primary series and booster
vaccination against SARS-CoV-2 infection and
hospitalisation among adolescents aged 12—17
years in Singapore: a national cohort study

Protection against Omicron from Vaccination
and Previous Infection in a Prison System.
COVID-19 Vaccine Effectiveness against
Omicron Variant among Underage Subjects: The
Veneto Region’s Experience

Association between regular physical activity and
the protective effect of vaccination against
SARS-CoV-2 in a South Aftican case-control
study.

Effectiveness of Covid-19 vaccines
(CovishieldTM and Covaxin A®) in healthcare
workers in Mumbai, India: A retrospective
cohort analysis.

Effectiveness of CoronaVac vaccination against
COVID-19 development in healthcare workers:
real-life data

Gastroenterology

and Nutrition
International
Journal of
Infectious
Diseases

Clinical kidney

journal

MMWR.
Morbidity and
mortality weekly
report

JAMA Network

Open
WHO newsletter

WHO newsletter

The New England

journal of
medicine
Vaccines

British journal of
sports medicine

PloS one
WHO newsletter

wrong study
duration

wrong
comparison

wrong
publication type

wrong study
duration
previously
included as
preprint
Wrong
population

Hand search

wrong study
duration
Wrong
population -
kids

wrong outcome

wrong study
duration
Hand search
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Corral-Gudino,
et al.

Costa Clemens
at al

Dagan N et al

Dauriat et al

De Gier et al.

Du etal

Emani et al.

Emani et al.

Emani et al.

Embi et al

Florea et al.

Furer et al.

The Omicron wave and the waning of COVID-
19 vaccine effectiveness. Influence of vaccine
booster and age on confirmed infection
incidence

Effectiveness of the Fiocruz recombinant
ChadOx1-nCoV19 against variants of SARS-
CoV-2 in the Municipality of Botucatu-SP.
Effectiveness of first-generation severe acute
respiratory syndrome coronavirus 2 mRNA
vaccines against the Omicron variant

Efficacy of 3 COVID-19 vaccine doses in lung
transplant recipients: a multicentre cohort study.
COVID-19 vaccine effectiveness against
mortality and risk of death from other causes
after COVID-19 vaccination, the Netherlands,
January 2021-January 2022

Reinfection risk and vaccination effectiveness
against Omicron

SARS-CoV2 Breakthrough Infections in Elderly
Third Booster and Vaccinated Population
Considered Vaccine Immune During Omicron
(B.1.1.529)Variant Surge in Israel

Increasing SARS-CoV2 cases, hospitalizations
and deaths among the vaccinated elderly
populations during the Omicron (B.1.1.529)
variant surge in UK

Increasing SARS-CoV2 cases, hospitalizations,
and deaths among the vaccinated populations
during the Omicron (B.1.1.529) variant surge in
UK

Effectiveness of COVID-19 Vaccines at
Preventing Emergency Department or Urgent
Care Encounters and Hospitalizations Among
Immunocompromised Adults: An Observational
Study of Real-World Data Across 10 US States
from August-December 2021

Effectiveness of mRNA-1273 vaccine booster
against COVID-19 in immunocompetent adults
Immunogenicity induced by two and three doses
of the BNT162b2 mRNA vaccine in patients
with autoimmune inflammatory rheumatic
diseases and immunocompetent controls: A
longitudinal multicentre study

European Journal
of Internal
Medicine

Frontiers in public
health

Clinical
Microbiology and
Infection

The European
respiratory journal
Preprint -
medRxiv

Preprint —
Research Square

Current Trends in
Biotechnology and
Pharmacy

Preprint -
medRxiv

Clinical infectious
diseases : an
official publication
of the Infectious
Diseases Society
of America.
Annals of the
Rheumatic
Diseases

wrong study
duration

wrong study
duration

wrong study
design

wrong outcome
wrong study
duration

Handsearch —
wrong study
design

wrong study
duration

wrong study

duration

wrong study
duration

wrong
compar ator

wrong study
duration
No useful data
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Gonzalez et al.

Goulart Rosa
et al

Grewal et al.

Grewal et al.

Guedalia et al.

Hansen et al.

Hardt et al.

Hatfield et al.

He et al.

Heath et al

Hernandez
Bernal et al

Protection of homologous and heterologous
boosters after primary schemes of rAd26-rAd>5,
ChAdOx1 nCoV-19 and BBIBP-CorV during
the Omicron outbreak in adults of 50 years and
older in Argentina: a test-negative case-control
study

BNT162b2 against COVID-19 in Brazil using a
test-negative design: Study protocol and
statistical analysis plan.

Effectiveness of a fourth dose of covid-19
mRNA vaccine against the omicron variant
among long term care residents in Ontario,
Canada: Test negative design study
Effectiveness and Duration of Protection of a
Fourth Dose of COVID-19 mRNA Vaccine
among Long-Term Care Residents in Ontario,
Canada

Effectiveness of BNT162b2 mRNA COVID-19
third vaccines during pregnancy: A national
observational study in Israel

Trends in risk factors and symptoms associated
with SARS-CoV-2 and Rhinovirus test positivity
in King County, Washington: A Test-Negative
Design Study of the Greater Seattle Coronavirus
Assessment Network

Efficacy, safety, and immunogenicity of a
booster regimen of Ad26.COV2.S vaccine
against COVID-19 (ENSEMBLE2): results of a
randomised, double-blind, placebo-controlled,
phase 3 trial

Effectiveness of COVID-19 vaccination against
SARS-CoV-2 Infection among Residents of US
Nursing Homes, Before and During the Delta
variant Predominance, December 2020 -
November 2021

A comprehensive analysis of the efficacy and
effectiveness of COVID-19 vaccines

Safety and Efficacy of the NVX-CoV2373
COVID-19 Vaccine at Completion of the
Placebo-Controlled Phase of 2 Randomized
Controlled Trial.

A phase 3, randomised, double-blind, placebo-
controlled clinical trial for adult evaluation of the
efficacy and safety of a SARS-CoV-2
recombinant spike RBD protein vaccine
(ABDALA-3 Study)

McMaster covid
19 newsletter

PloS one
The BM]J

WHO newsletter

Preprint -Research
Square

McMaster covid
19 newsletter

The Lancet.
Infectious
diseases.

Clinical infectious
diseases: an official
publication of the
Infectious
Diseases Society
of America
Frontiers in
immunology

Clinical infectious
diseases
McMaster covid
19 newsletter

wrong study
duration

wrong
publication type

wrong study
duration

Wrong baseline

wrong study
duration

Hand search

wrong study
duration
wrong study
duration

wrong study
design

wrong drug

wrong
intervention
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Hernandez et
al.

Hippisley Cox

etal

Hong et al.

Hua et al

Huang et al.

Hulme et al.

Igari et al.

Toannou et al

Toannou et al.

Jara et al

Jassat et al

John et al.

John et al.

OA06.04 Immune Response after SARS-CoV-2
Vaccination in Lung Cancer Patients. Update of
the Covid Lung Vaccine Cohort

QCovid 4 - Predicting risk of death or
hospitalisation from COVID-19 in adults testing
positive for SARS-CoV-2 infection during the
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Appendix 8: Studies excluded from the updates 1-11 (from databases only):
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