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Supplementary Figure S1. Asymmetric funnel plot showing the relationship between the 18

studies included in the metanalysis on SARS-CoV-2 reinfection rate.



Region Event Population Proportion 95%-Cl Weight

Ali AM.2021 26 829 l- 0.031 [0.021;0.046] 5.5%
Perez G. 2021 154 149735 n 0.001 [0.001;0.001] 5.6%
Al-Otaiby M. 2022 4454 556750 n 0.008 [0.008;0.008] 5.7%
Abu-Raddad.2021 1339 265779 n 0.005 [0.005;0.005] 5.7%
Altarawneh HN. 2022 198 6859 0.029 [0.025;0.033] 5.6%
’.
Jeffrey-Smith A. 2021 10 1377 0.007 [0.003;0.013]  5.2%
Pilz S. 2021 40 14840 n 0.003 [0.002;0.004] 5.6%
Brouqui P. 2021 46 6771 H 0.007 [0.005;0.009] 5.6%
Nguyen NN.2022 209 55338 n 0.004 [0.003;0.004] 5.7%
Mensah AA. 2022 13960 3860054 ' 0.004 [0.004;0.004] 5.7%
Fonager J. 2022 1128 18760 : 0.060 [0.057;0.064] 5.7%
Flacco ME.2022 729 119266 n 0.006 [0.006;0.007) 5.7%
'S
Malhotra S. 2022 116 1917 = 0.061 [0.050;0.072] 5.6%
R S
Mack CD. 2022 7 7980 ﬂ 0.001 [0.000;0.002] 5.0%
Good MK. 2022 " 1378 0.008 [0.004;0.014] 53%
Rivelli A. 2022 156 2625 - 0.059 [0.051;0.069]  5.6%
Ellingson K. 2023 318 4707 5 0.068 [0.061;0.075]  5.7%
Guedes A.R. 2023 284 5865 0.048 [0.043;0.054] 57%
g
Random effects model 5080830 ® 0.011 [0.007; 0.018] 100.0%
Heterogeneity: /% = 100%, = 1.1391, p = 0 ! ! ! ! !
0.1 0 0.1 0.2 0.3
Proportion

Supplementary Figure S2. Forest plot of SARS-CoV-2 reinfection rate according to region
where studies took place (18 cohort studies).



Variant circulation ~ Event Population Proportion 95%-Cl Weight

Jeffrey-Smith A. 2021 10 1317 0.007 [0.003;0.013] 6.1%
Mack CD. 2022 7 7980 II 0.001 [0.000;0.002] 5.7%
Mensah AA. 2022 13960 3860054 1] 0.004 [0.004;0.004] 6.9%
Perez G. 2021 154 149735 n 0.001 [0.001;0.001] 6.9%
5
Nguyen NN.2022 209 55338 n 0.004 [0.003;0.004] 6.9%
Good MK. 2022 11 1378 H 0.008 [0.004;0.014] 6.1%
Malhotra S. 2022 116 1917 D o 0.061 [0.050;0.072] 6.8%
Al-Otaiby M. 2022 4454 556750 ﬂ 0.008 {0.008;0.008] 6.9%
{ 2
Ellingson K. 2023 318 4707 E 0.068 [0.061,0.075 6.9%
Altarawneh HN. 2022 198 6859 5 0.029 [0.025;0.033] 6.9%
Abu-Raddad.2021 1339 265779 1] 0.005 [0.005;0.005] 6.9%
Pilz S. 2021 40 14840 1] 0.003 [0.002;0.004] 6.7%
Brouqui P. 2021 46 6771 0.007 [0.005;0.009] 6.7%
Ali AM.2021 26 829 El 0.031 [0.021;0.046]  6.6%
Rivelli A. 2022 156 2625 5 0.059 [0.051;0.069] 6.9%
&
Random effects model 4936939 b 0.009 [0.006; 0.014] 100.0%

Heterogeneity: %= 100%, 1% = 0.6884, p=0 ' ' ' ' '
-0.1 0 0.1 0.2 03
Proportion

Supplementary Figure S3. Forest plot of SARS-CoV-2 reinfection rate according to most
frequent SARS-CoV-2 circulating at the time of reinfection (15 studies).



Reference Event Population Proportion 95%-Cl Weight

Abu-Raddad.2021 1339 265779 ] 0.005 [0.005;0.005] 6.9%
Ali AM.2021 26 829 g | 0.031 [0.021;0.046] 6.6%
Jeffrey-Smith A. 2021 10 1317 0.007 [0.003;0.013] 6.1%
Mensah AA. 2022 13960 3860054 o 0.004 [0.004;0.004] 6.9%
Nguyen NN.2022 209 55338 ] 0.004 [0.003;0.004] 6.9%
Brouqui P. 2021 46 6771 0.007 [0.005;0.009] 6.7%
Good MK. 2022 1 1378 0.008 [0.004;0.014] 6.1%
Mack CD. 2022 7 7980 o 0.001 [0.000;0.002] 5.7%
Perez G. 2021 154 149735 ] 0.001 [0.001;0.001] 6.9%
Pilz S. 2021 40 14840 ] 0.003 [0.002;0.004] 6.7%
Al-Otaiby M. 2022 4454 556750 [ | 0.008 [0.008;0.008] 6.9%
k
Rivelli A. 2022 156 2625 0.059 [0.051;0.069] 6.9%
Malhotra S. 2022 116 1917 = 0.061 [0.050;0.072] 6.8%
¢
Altarawneh HN. 2022 198 6859 ‘g 0.029 [0.025;0.033] 6.9%
Ellingson K. 2023 318 4707 : 0.068 [0.061;0.075] 6.9%
Random effects model 4936939 ¢ 0.009 [0.006; 0.014] 100.0%

Heterogeneity: /= 100%, ©°= 0.6884,p=0 ! ' ' ' '
0.1 0 0.1 0.2 0.3
Proportion

Supplementary Figure S4. Forest plot of SARS-CoV-2 reinfection rate during the pre-
Omicron period and Omicron period (15 studies).



Supplementary Table S1. Characteristics of included studies.

Discharged Reinf d
Length of
Refere Type of Country and Period of Number of N.umbev of Reinfection time be.tween Risk factors
nce stud settin, stud reinfection cases discharged rate Age Sex (M/F) Comorbiditi (years) Sex Comorbiditi two episodes for
v s v patients (%) (years) © omo s Age (years| (M/F) omo s of infection reinfection
(days)
Gupta \ndia, one 21 August Mean £SD:
V. Case hos ’ital 2020 and 5 2 ~ R ~ ~ R 25 and 28 None 109.5+2.1, Not
2021 series HCCVS“ September 1/1 range: 108- described
[13] 2020 111
Allergic rhinitis (n=1,
16.7%)
Lee J.S. Case South 18 March Mean £SD: dyslipidaemia (n=1, Mean £SD: Not
2020 series Korea, three 2020to 16 6 - - - - - 39.5£20.3, 2/4 16.7%) 30.7+8.6, described
[14] hospitals May 2020 range: 17-72 Parkinson (n=1, range: 24-47
16.7%), depression
(n=1, 16.7%)
Salehi-
L 4 July 2020 Mean £SD:
+SD:
Vaziri. Case Iran, one to 22 August 3 - - - - - Mean £5D: 2/1 Not described 110 +46.5, Not
2021 series hospital 42.7+11.0 described
2020 range: 63-111
[15]
Amoril .
MR. Brazll,_one 10 June ) B Mean £5D:
2021 Case hospital, 2020to 5 4 R R R ~ R Mean £SD: o/4 Chronic bronchitis 126450 Not
series, HCW* October 440+11.6 (n=1, 25.0%) - described
[16] 2020 range: 55-170




Gastroplasty (n=1,

Mean + SD:

Yu ALF Brazil, one Nov:::nber ]\;g:gs:teen;
2021 Case hospital, 2 34and 41 50.0%), chronic 159.5+£19.1, Not
N 2020and 1 before the 1/1 N . "
[17] series HCws* respiratory disease range: 146- described
Februrary second (n=1, 50.0%) 173
2021 infection YRR
o, psn
FG. Case Brazil, one December :cc‘nated 73 years, No 9/16 Mean + SD: Not
2021 series hcrzsI 'ital 2020to % ‘ll)efolre the inf:rma{ion 80% (no detail) 242.5£75.6, described
(18] P June 2021 range: 92-387
second on mean or
infection median
Sanyan . 21 January Mean + SD:
Gambia, one
gB. Case ! 2021and 1 164.5 £ 29.0, .
2021 series hospital February 2 31and 36 0/2 None range: 144- Not described
[19] 2021 185
Sonié . Mean # SD:
P.2022 s‘:ns:s o:::;’fai't'al Before 2021 2 - 60 and 25 171 Pa’t(':'_';e‘;g'g;;’my 1195 £34.6, des’::’itbe g
[20] P Bl range: 95-145




1339 reinfections (a
PCR-positive swab >
90 days after the first
infection), 1304

Abu individuals that could B ronge | 5 499/789 Median: 32,
Radda Prospecti Qatar, 28 February be matched with All patients 261-39 (?DI: (for 6288 range : 26- 1130/174 Median: 277, Not
national 2020to 28 ) 265779 were not 0.5 . Not described 39 (for 1304 (for 1304 Not described . ; N
d. 2021 ve cohort N 6288 primary . 6288 primary . N N N range:79-315 described
study April 2021 . Lo vaccinated N . . reinfection reinfection))
[21] infectionina 1: 5 primary infection) cases)
ratio by sex, 5 year infection)
age group and
nationality and PCR
test calendar week
Lack of anti-
nucleocapsi
de 1gG in
Al Mean + SD: recovered
. May to mid- CoVID-19
AM. Prospecti Irag, one October 26 829 - 3.1 No't th Not described 396198, 14/12 Not described Not described | patients may
2021 ve cohort hospital 2020 described described range: 14-55 be
(22 vears associated
with
reinfection
risk
1377
(including
J:fr:\:;\: . United 10 April in:;gci?;:srgiegdht pre\Gli‘rz)susly
A. Prospecti Kingdom, 13 202010 31 probable, and five infected - 0.7 cht No.t Not described cht 1/9 Not described Not described cht
ve cohort January L . . described described described described
2021 care homes 2021 possible infection patients and
[23] were excluded) 721 primary
infection)




Increased

risk of
reinfection
5858 /13 was
. . observed in
Mensa ) United 27 May 960 patients Median: | 1814228 Median: 48 the oldest
h AA. Prospecti Kingdom, vaccinated " 4607/9 353 " .
> 2020to 2 13960 3860054 0.4 39, range: Not described years, range: Not described Not described age
2022 ve cohort national before the .
May 2021 25-55 2045826 31-65 categories
[24] study second
infection (70-79 years
old and 80+)
and in
female
patients
United
States, a
large
Midwestern
healthcare
Rivelli system (26 1 March Mean +
A. Prospecti hospitals 2020to 10 . 361/2264 ) Mean + SD: 14/142 ) Mean +SD: Not
2022 ve cohort and over January 156 ) 2625 59 38 :tDll 6 Not described 37.8+10.6 Not described 141.2+42.8 described
[25] 500 2021 i :
healthcare
sites in
lllinois and
Wisconsin),
HCWs




Nguye

177/209 patients
with available
information on
comorbidities,

chronic respiratory
disease (n=26,

n NN. Prospecti France, one 130’?;?; 209 55338 04 Not Not Not described Mean +SD : 101/108 14.2‘}]{;)9,:::;:::22ean Mean +SD Not
2022 ve cohort hospital ’ described | described 40.4+19.8 o - 232.9+104.0 described
126] August 2021 13.0%), hypertenspn
(n=20, 11.3%) obesity
(n=20, 11.3%),
diabetes (n=12,
6.8%),
immunodepression
(n=5, 2.8%)
Altara
wneh " Qatar, 8 June 2022 198, all (reinfected .
HN. 5:’:;’::2 national to 4 July with Omicron 6859 29 des'::i:)e " des’::i:)e d Not described :\::;ela;gsssi 88/110 Not described Not described des’\t‘::tbe d
2022 study 2022 BA.4/BA.5) :
[27]
39/46 patients with
information of
comorbidities,
Brouqu 27 January Mean +SD: y hyper;:)nzior;(n:&
iP. Prospecti France, one 2020to 12 Not Not . OO 25/21 20.5%), diabetes Mean: 172, Not
2021 ve cohort hospital January 46 6771 07 described described Not described 500220 (n=5, 12.8%), obesity range: 90-308 described
28] 2021 (n=4, 10.3%), asthma
(n=4, 10.3%), chronic
heart disease (n=3,
7.7 %)
18 760, Median
Fonage Denmark, Novzrgnber 1128, including 970 including 31 for
oy | brospect multi 2021102 BA1and 158 BA2 Biwite 6.0 BRI | ot o | Notdescribed o Not described Notdescribed | MO
centres January reinfections
[29] 2022 BA.2 32 for
reinfections BA.2




Flacco

2022
[34]

Retrospe
ctive
cohort

Italy,
Abruzzo
Region

2 March
2020to0 18
February
2022

729

204 /729
partially
vaccinated
and 182/729
fully
vaccinated
before the
second
infection

119 266

0.6

Mean +
SD:41.6
21.9

58 783/60
483

Hypertension
(n=11069;
9.3%), diabetes
(n=5042; 4.2%),
cardiovascular
disease (n=9 916,
8.3%), COPD**
(n=33718;
3.1%), kidney
disease
(n=1517;1.3%),
cancer
(n=4119;3.5%)

Mean +SD:
35.2+216

312/417

Hypertension (n=44,

6.0%), chronic heart

disease (n=37, 5.1%),
diabetes (n=26,
3.6%), COPD**

(n=21, 2.9%), cancer

(n=16, 2.2%), chronic

kidney disease (n=4,

0.6%)

Mean: 277

1/‘11 92 /1378
Good 1 January par'tlally partially
MK. Prospecti USA, 21 2021030 u "a“;':;ted 1378 vaccinated 08 Not 800/1577/ Not described Not Not None Mean: 197.5, Not
2022 ve cohort universities November and 846/1 . described described described range: 95-301 described
seven/11
[30] 2021 full 378 fully
1y vaccinated
vaccinated
Mack
1 March Mean: 30, Mean #SD :
CD. Prospecti USA, one Not Not . . Immunocompromise Not
R - :19- +
2022 ve cohort hospital 2020 to 30 7 7980 01 described described Not described range: 19-44 7/0 d (n=1, 14.3%) 151.7£66.0 described
31] May 2021 years

Risk of
reinfection
was higher
in female,
younger,
and
unvaccinate
d patients
and during
the Omicron
wave

10



(*) HCW = healthcare workers, (**) COPD = chronic obstructive pulmonary disease

11

Israel,
Maccabi
Health Care
Perez Retrospe Service 16 March
G. " computerise 2020to 27 Not Not " Mean +SD : 94/60 Immunocompromise Mean + SD: Not
2021 ctive d database January 154 149735 01 described described Not described 31.5+19.7 d (n=5, 3.2%) 165.7 £57.6 described
cohort .
[35] (approximat 2021
ely 25% of
the
population)
1
Pilz S. Retrospe Austria, September
+ H 1SD:
2021 ctive national 2020 t0 30 40 - 14840 - 03 Not Not Not described Mean £ SD: 15/25 Not described Mean £5D: Not
described described 4424215 212+25 described
36] cohort study November
2020
39/116
partially 356/1917 Full
Malhot vaccinated partially vaccination
Retrospe India, one 3 March and 17/116 vaccinated . was
;3252 ctive hospital, 2020 to 18 116 fully 1917 and 6.1 des'\clzt)ed 1107/810 Not described des’:?i:Jed 62/54 Not described ':Aaidl:_ni;'_?l' associated
cohort HCWs* June 2021 vaccinated 1089/1917 Be: with a lower
[37] .
before the fully risk of
second vaccinated reinfection
infection




(**) Most frequent variant circulating at the time of reinfection in the area (information available from: https://covariants.org/)
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Supplementary Table S2. NICE quality assessment for case series.

Were the
Was the outcomes
Was the study m:ii;‘:f;d
stud.y population Was the defined, Was the Wef’e t he Were the
question | clearly Were the Were the |. . . statistical Total
Stud d full tient intervention valid, length of results | Total .
udy or and fully cases patients . methods quality
c . . . clearly reliable, and | follow-up well- score
objective | described, | consecutive? | comparable? . . well- . score
clearl includin described? | implemented | adequate? described? described?
stated)"’ a case ) consistently .
definition? across all
study
participants?
Gupta V. 2021 1 1 1 NA 1 1 1 NA 1 7 Good
Lee J.S. 2020 1 1 1 NA 1 1 1 NA 1 7 Good
Salehi-
Vaziri 2021 1 1 1 NA 1 1 1 NA 1 7 Good
Yu ALF.2021 1 1 | NA 1 1 1 NA 1 7 Good
Amoril
MR 2021 1 1 1 NA 1 1 1 NA 1 7 Good
Naveca FG.
2001 1 1 1 NA 1 1 1 1 1 8 Good
Sanyang B.
5001 1 1 1 NA 1 1 1 NA 1 7 Good
Sonié P. 2022 1 1 1 NA 1 1 1 NA 1 7 Good
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Supplementary Table S3. Newcastle-Ottawa Scale (NOS) quality assessment of cohort studies.

Total Total
Studies Selection Comparability Exposure score quality
score
Outcome
Representativeness Selection of Int(e):lf'est Adequacy
Author, P the non- | Ascertainment .. | Assessment | Sufficient | of follow-
of the exposed was not | Comparability
year exposes of exposure of outcome | follow-up | up of
cohort present
cohort cohort
at start
of study
Abu-
Raddad 2021 1 1 1 1 1 1 1 1 8 Good
Ali .
AM2021 1 0 1 1 NA 1 1 1 6 Fair
Jeffrey-
Smith A. 1 0 1 1 NA 1 NA NA 4 Fair
2021
Mensah AA.
2002 1 1 1 1 1 1 1 1 8 Good
Rivelli A. ;
2002 1 0 1 1 NA 1 1 1 6 Fair
Nguyen
NN 2022 1 1 1 1 1 1 1 1 8 Good
Altarawneh
HN. 2022 1 1 1 1 1 1 NA 1 7 Good
Brouqui P. i
2001 1 0 1 1 NA 1 1 1 6 Fair
Fonager J. i
2022 1 0 1 1 1 1 NA 1 6 Fair
Good MK. 1 0 1 1 NA 1 1 1 6 Fair

14




2022

Mack CD.
2022

NA

NA

NA

Fair

Flacco
ME.2022 1 NA 1 1 Good
Perez G. .
2021 1 NA 1 1 Fair
Pilz S. 2021 1 NA 1 1 Fair
Malhotra S. )
2022 1 1 NA 1 Fair
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Supplementary Table S4. SARS-CoV-2 variant among 2354 reinfected patients.

Patient
Reference nlolmbe-r with Variant for the second infection
identified
variant
Yu ALF. 2021
[17] 2 B.1.1.28 and one patient with mutation E484K
NaveceE IFS(]} 2021 25 VOc Gama (lignage P.1, n=21) Gamma plus with
linage P.1.1.7 (n=2) P.1.1.2 (n=1) and P.1.14 (n=1)
Sanyar[l%l?. 2021 2 Lineage B.1.235 and linage B.1
Abu-Raddad. 683 B.1.351 ( Beta, n=413), B.1.1.7 (Alpha, n=57), wilde-
2021 [21] type (n=213)
Jeffrey-Smith A. 7 7/10 patients, 6 patients reinfected with alpha
2021 [23] (B.1.1.7) and one patient with B.1.36.28
Nguyen NN. 159 21A Delta (B.1.617.2, n=100), 20A.EU2 (B.1.160,
2022 [26] n=34), 201 (Alpha.V1, B.1.1.7, n=25)
Altarawneh HN. .
2022 [27] 198 Omicron BA.4 and/ or BA.5
Ma"k[?l)]' 2022 3 B.1.2 (n=1), B.1.1.7, (n=1), B.0.1.2 (n=1)
Ellingson K. . .
2023 [33] 318 Omicron variant
Aloml"éé\]ﬁ' 2022 957 Delta (844), beta (49), alpha (29), wild-type (35)
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Supplementary Table S5. Prevalence of comorbidities in 5873 reinfected patients.

Symptoms Number Proportion
Hypertension 258 4.4
Diabetes 255 4.3
Obesity 195 33
Chronic respiratory disease 192 33
Heart disease 181 3.1
COPD 48 0.8
Pregnancy 44 0.7
HIV 43 0.7
Heart disease including hypertension 42 0.7
Immunocompromised 36 0.6
Kidney disease 30 0.5
Organ transplant 8 0.1
History of stroke 8 0.1
Asthma 4 0.1
Partial nephrectomy 1 0.0
Parkinson 1 0.0
Gastroplasty 1 0.0
Dyslipidemia 1 0.0
Depression 1 0.0
chronic bronchitis 1 0.0
Allergic rhinitis 1 0.0
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