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Summary

Despite over 140million SARS‐CoV‐2 infectionsworldwide since the beginning of the
pandemic, relatively few confirmed cases of SARS‐CoV‐2 reinfection have been re-

ported. While immunity from SARS‐CoV‐2 infection is probable, at least in the short
term, few studies have quantified the reinfection risk. To our knowledge, this is the

first systematic review to synthesise the evidence on the risk of SARS‐CoV‐2 rein-

fection over time. A standardised protocol was employed, based on Cochrane meth-

odology. Electronic databases and preprint servers were searched from 1 January

2020 to 19 February 2021. Eleven large cohort studieswere identified that estimated

the risk of SARS‐CoV‐2 reinfection over time, including three that enrolled healthcare
workers and two that enrolled residents and staff of elderly care homes. Across

studies, the total numberofPCR‐positive or antibody‐positiveparticipants at baseline
was 615,777, and the maximum duration of follow‐up was more than 10 months in

three studies. Reinfection was an uncommon event (absolute rate 0%–1.1%), with no

study reporting an increase in the risk of reinfection over time. Only one study esti-

mated the population‐level risk of reinfection based onwhole genome sequencing in a
subset of patients; the estimated risk was low (0.1% [95% CI: 0.08–0.11%]) with no

evidence of waning immunity for up to 7 months following primary infection. These

data suggest that naturally acquired SARS‐CoV‐2 immunity does notwane for at least
10 months post‐infection. However, the applicability of these studies to new variants

or to vaccine‐induced immunity remains uncertain.
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1 | INTRODUCTION

Following the emergence of a novel coronavirus (SARS‐CoV‐2) in
China in December 2019 and the declaration by WHO of a public

health emergency of international concern on 30 January 2020,

countries worldwide have experienced epidemics of Covid‐19. While

much is yet unknown about the immune response following infection

with SARS‐CoV‐2, evidence is emerging at a fast pace. The Health

Information and Quality Authority (HIQA) of Ireland has conducted a

series of rapid reviews on various public health topics relating to

Abbreviations: Covid‐19, coronavirus disease 2019; CI, confidence interval; Ct, cycle threshold; HIQA, Health Information and Quality Authority; IgG, immunoglobulin G; NAAT, nucleic acid
amplification technology; RNA, ribonucleic Acid; RT‐PCR, reverse transcription polymerase chain reaction; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus type 2; WHO, World

Health Organization.
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SARS‐CoV‐2 infection. These reviews arose directly from questions

posed by policy makers and expert clinicians supporting the National

Public Health Emergency Team to inform the national response to

the pandemic in Ireland.

Our team at HIQA previously concluded that SARS‐CoV‐2
infection produces detectable immune responses in most cases.1

However, the extent to which previously infected people are immune

to reinfection is uncertain. In the short term, protection against

reinfection is probable, as few confirmed SARS‐CoV‐2 reinfections

have been reported despite over 140 million infections worldwide

since the beginning of the pandemic.2

The objective of this systematic review was to evaluate the risk

and relative risk of SARS‐CoV‐2 reinfection over time, comparing

previously infected individuals to those without evidence of prior

infection. The review informed a range of policy questions relating to

the duration of protective immunity (as in, prevention of reinfection)

following SARS‐CoV‐2 infection.

2 | METHODS

A standardised protocol was employed3 based on Cochrane meth-

odology.4 Electronic databases (PubMed, EMBASE and EuropePMC)

were searched from 1 January 2020 to 19 February 2021 (Data S1).

Table 1 outlines the Population, Outcome, Study design (POS) criteria

for study selection.

Reinfection was defined as any reverse transcription polymerase

chain reaction (RT‐PCR) or antigen‐confirmed SARS‐CoV‐2 infection

in an individual with evidence of a prior SARS‐CoV‐2 infection. Evi-

dence of prior infection included a previously documented immune

response through antibody detection (seropositivity) and/or a prior

SARS‐CoV‐2 diagnosis by RT‐PCR or antigen testing followed by

recovery (molecular or clinical evidence of viral clearance). No min-

imum time interval was defined between primary and secondary in-

fections; however, cases within 90 days of initial infection were

considered suggestive of prolonged viral shedding following the pri-

mary infection.

All potentially eligible papers, including preprints, were exported

to Endnote x8.2 and screened for relevance by one reviewer.

Following removal of irrelevant citations, two reviewers indepen-

dently reviewed the full text of potentially relevant articles. For each

included study, data on study design, participant demographics and

relevant clinical and laboratory data were extracted by two re-

viewers. Quality appraisal was undertaken using the National Heart,

Lung and Blood Institute (NIH) quality assessment tool for observa-

tional cohort studies.6 The findings of the research question were

synthesised narratively due to the heterogeneity of study designs

and outcome data.

3 | RESULTS

The collective database search resulted in 1893 citations, with four

citations retrieved from other sources (grey literature search).

Following removal of duplicates, 1771 citations were screened for

relevance. This resulted in 105 studies eligible for full text review

(Figure 1), where a further 94 studies were excluded (Table S1).

Eleven studies were identified that met the inclusion criteria.7–17

Five studies were conducted in the United Kingdom,8,9,11,13,14 of

which three enrolled healthcare workers8,9,11 and two enrolled the

TAB L E 1 Population outcome Study design criteria for systematic search

Population Individuals (of any age) with evidence of prior SARS‐CoV‐2 infection, who subsequently

recovereda

Evidence of prior infection includes diagnosis by RT‐PCR or antigen testing, or evidence of

an immune response through antibody detection (seropositivity)

Outcomes 1. Risk of RT‐PCR or antigen‐confirmed SARS‐CoV‐2 reinfection over time

2. Relative risk of RT‐PCR or antigen‐confirmed SARS‐CoV‐2 reinfection, comparing

populations with evidence of prior infection with populations with no prior evidence

of infection, at specified time points

3. RT‐PCR cycle threshold results, if reported

4. Whole genome sequencing results of reinfected cases comparing first and second in-

fections, if reported

Types of studies Include:

Observational cohort studies (prospective or retrospective)

Exclude:
� Cohort studies that enrolled fewer than 100 participants unless the study reported

comparative whole genome sequencing on all reinfection cases
� Studies with durations of follow‐up of less than 3 months
� Animal studies

Abbreviation: RT‐PCR, reverse transcription polymerase chain reaction.
a‘Recovered’ refers to molecular or clinical evidence of viral clearance following initial infection; definitions of recovery in primary studies were used.

Common definitions include two consecutive negative respiratory RT‐PCR tests 24 h apart and WHO clinical criteria of viral clearance (27 May 2020).5
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staff and residents of elderly care homes.13,14 The remaining six

studies were all general population studies, conducted in Austria,16

Denmark,17 Israel,12 Qatar 7 and the United States.10,15 Six studies

were published as preprints at the time of submission.7,8,10,12,14,15

Across studies, the total number of PCR‐ or antibody‐positive par-

ticipants at baseline was 615,777 (median: 8845; range: 88–378,606).

The median follow‐up of individuals within studies was 131 days

(4.4 months; range of medians: 54–210 days), with a maximum follow‐
up of ≥300 days (10 months) in three studies.12,14,16

Studies reported a range of primary endpoints (Table 2 and Ta-

ble S2). Studies either determined evidence of prior infection based

on a history of RT‐PCR confirmed infection (n = 5 studies),10,12,15–17

documented antibody detection (n = 4 studies)7,8,11,14 or a combi-

nation of both (n = 2 studies).9,13 Three studies separately reported

the relative risks of symptomatic reinfections and ‘all’ reinfections

(symptomatic/asymptomatic),8,11,15 one study reported symptomatic

reinfections only9 and the remaining studies did not differentiate

between symptomatic and asymptomatic reinfections.7,10,12–17 In

addition to quantifying the absolute risks of SARS‐CoV‐2 reinfection,

the risks compared with PCR‐negative or antibody‐negative cohorts

at baseline were expressed by a number of different measures, such

as relative risks, odds ratios, risk ratios and hazard ratios. Due to

heterogeneity in outcome measures and populations, meta‐analysis
of data were not considered appropriate. The following sections

narratively report the findings of included studies by population

group (general population, healthcare workers, and residents and

staff of care homes).

3.1 | General population studies

3.1.1 | Austria

In the study by Pilz et al.,16 national SARS‐CoV‐2 infection data from

the Austrian epidemiological reporting system were used to investi-

gate potential reinfection events, with a maximum follow‐up of

10 months. The primary outcome was the odds of PCR positivity in

individuals who recovered from a confirmed SARS‐CoV‐2 infection

during the first wave (22 February to 30 April 2020) compared with

the odds of first infections in the remainder of the general population

during the second wave (1 September to 30 November 2020). In

total, 40 possible reinfections were recorded out of 14,840

F I GUR E 1 PRISMA diagram of study
selection
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TAB L E 2 Summary of included studies and primary outcome results

First author; country; population Participantsa Follow‐up Author reported primary outcomes

Abu‐Raddad 20217 (preprint); Qatar; General

population

N = 43,044 antibody‐positive at

baseline

Risk of reinfection (confirmed by WGS)b: 0.10% (95% CI:

0.08%–0.11%)

Risk over time (any reinfection): Incidence rate of

reinfection by month of follow‐up did not show any

evidence of waning of immunity over seven months of

follow‐up

Median f/u: 114 days (3.8 months)

Maximum f/u: 242 days (8.1

months)

Hall 20218 (preprint); United Kingdom; HCWs N = 6614 antibody‐positive at

baseline

Adjusted odds ratio of reinfection comparing antibody or

PCR‐positive group with negative group

• ‘Probable’ reinfectionc: aOR: 0.01 (95% CI 0.00–0.03)

• All ‘possible’ and ‘probable’ reinfections: aOR: 0.17 (95%

CI: 0.13–0.24)

• Symptomatic reinfection: aOR: 0.08 (95% CI 0.05–0.13)

Median f/u: 202 days (6.7

months)

Maximum f/u: 227 days (7.6

months)

Hanrath 20209 United Kingdom; HCWs N = 1038 PCR and/or antibody‐
positive at baseline

Symptomatic reinfection: A positive PCR test was returned

in 0/1038 (0% [95% CI: 0–0.4) of those with previous

infection, compared with 290/10,137 (2.9% [95% CI:

2.6–3.2) of those without (p < 0.0001 χ2 test)
Median f/u: 173 days (5.8 months)

Maximum f/u: 229 days (7.6

months)

Hansen 202117 Denmark; General population N = 11,068 PCR positive at

baseline

Main analysis:
aRR (any reinfection): 0.20 (0.16–0.25).

This represents 72 reinfections out of 1,346,920 person‐
days in PCR‐positive group, compared with 16,819 new

infections out of 62,151,056 person‐days in PCR‐
negative group

Additional cohort analysis (that includes all infection

periods): aRR = 0.21 (0.18–0.25) by age group:
� 0–34 years: aRR = 0.17 (0.13–0.23)
� 35–49 years: aRR = 0.20 (0.14–0.28)
� 50–64 years: aRR = 0.19 (0.13–0.27)
� ≥65 years: aRR = 0.53 (0.37–0.75)

Median f/u: 122 days (4.1 months)

Maximum f/u: 295 days (9.8

months)

Harvey 202010 (preprint); United States; General

population

N = 378,606 PCR positive at

baseline

Ratio of positive NAAT results (comparing patients who had

a positive antibody test at index vs. those without)d: 2.85

(95% CI: 2.73–2.97) at 0‐30 days; 0.67 (95% CI: 0.6–

0.74) at 31–60 days; 0.29 (95% CI: 0.24–0.35) at 60–

90 days; 0.10 (95% CI: 0.05–0.19) at >90 days; note that
NAAT positivity at <90 days is likely due to prolonged

viral shedding

Median f/u: 54 days (1.8 months)

Maximum f/u: 92 days (3.1

months)

Jeffery‐Smith 202113 United Kingdom;

Staff &residents at care homes

N = 88 PCR and/or antibody‐
positive at baseline

Relative risk (any reinfection): 0.04 (95% CI: 0.005–0.27)

This represents 1 reinfection out of 88 in seropositive

group compared with 22/73 in seronegative group
Mean f/u: 120 days (4 months)

Maximum f/u: Unclear

Krutikov 202114 (preprint); United Kingdom; Staff &

residents at care homes

N = 634 antibody‐positive at

baseline

Relative adjusted hazard ratios (any reinfection):

Residents of care home: aHR = 0.15 (0.05–0.44)e

Staff of care home: aHR = 0.39 (0.19–0.82)e
Median f/u: 79 days (2.6 months)

Maximum f/u: 300 days (10

months)

Lumley 202111 United Kingdom; HCWs N = 1265 antibody‐positive at

baseline

IRRf(any reinfection): 0.12 (95% CI: 0.03–0.47; p = 0.002);

2/1265 seropositive (both asymptomatic reinfections)

and N = 223/11,364 seronegative had positive PCR.

Symptomatic reinfection: Incidence was 0.60 per

10,000 days at risk in seronegative HCWs; there were

no symptomatic infections in seropositive HCWs

Adjusted IRRg: 0.11 (95% CI: 0.03–0.44; p = 0.002) (any

reinfection)

Median f/u: 139 days (4.6 months)

Maximum f/u: 217 days (7.2

months)
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individuals with a history of prior infection during the first wave

(0.27%), compared with 253,581 infections out of 8,885,640 in-

dividuals of the remaining general population (2.85%). This translated

into an odds ratio of 0.09 (95% CI: 0.07–0.13).

3.1.2 | Denmark

In the study by Hansen et al.,17 individual‐level data were collected

on patients who had been tested in Denmark in 2020 from the

Danish Microbiology Database, with a maximum follow‐up of

9.8 months. Infection rates were analysed during the second wave

of the COVID‐19 epidemic, from 1 September 2020 to 31

December 2020, comparing PCR‐positive individuals with PCR‐
negative individuals during the first wave (March to May 2020).

During the first wave (prior to June 2020), 533,381 people were

tested, of whom 11,727 (2.2%) were PCR positive. Of these,

525,339 were eligible for follow‐up in the second wave, of whom

11,068 (2.11%) had tested positive during the first wave. Among

eligible PCR‐positive individuals from the first wave, 72 (0.65%,

95% CI: 0.51%–0.82%) tested positive again during the second

wave compared with 16,819 of 514,271 (3.27%, 95% CI: 3.22%–

3.32%) who tested negative during the first wave. After adjusting

for sex, age group and test frequency, the adjusted RR (aRR) of

reinfection was 0.20 (95% CI: 0.16–0.25). Protection against repeat

infection was estimated at 80.5% (95% CI: 75.4–84.5). In an

alternative analysis, aRR by age category was reported. In in-

dividuals aged 65 years or more, the aRR was 0.53 (0.37–0.75),

compared with 0.17, 0.20 and 0.19 in individuals aged 0–34 years,

35–49 years and 50–64 years, respectively.

3.1.3 | Israel

In the study by Perez et al.,12 published as a preprint, preliminary

reinfection rates within the members of a large healthcare provider

T A B L E 2 (Continued)

First author; country; population Participantsa Follow‐up Author reported primary outcomes

Perez 202112 (preprint); Israel; General population N = 149,735 PCR positive at

baseline

Overall reinfection risk: 0.1% (any reinfection between Mar

2020 and Jan 2021) This represents 154 individuals who

had two positive tests at least 100 days apart out of

149,735 individuals with a record of a prior positive PCR

test

Median f/u: 165 days (5.5 months)

Maximum f/u: Approx. 325 daysh

(10.8 months)

Pilz 202116 Austria; General population N = 14,840 PCR positive at

baseline

Odds ratio: 0.09 (95% CI: 0.07–0.13) (any reinfection)

This represents 40 reinfections out of 14,840 individuals

PCR positive in the first wave (0.27%) compared with

253,581 infections out of 8,885,640 (2.85%) in the

remaining general population

Median f/u: 210 days (7 months)

Maximum f/u: 300 days (10

months)

Sheehan 202115 (preprint); United States; General

population

N = 8845 PCR positive at baseline Protective effectiveness (any reinfection): 78.5% (95% CI:

72.0%–83.5%)i

Protective effectiveness against symptomatic infection:

83.1% (95% CI: 75.1%–88.5%)

Median f/u: 131 days (4.4 months)

Maximum f/u: 269 days (9

months)

Note: ‘Any’ reinfection—all reinfections, both symptomatic and asymptomatic. Numbers rounded to two decimal points. No cases were identified on the
basis of antigen testing. The longest duration of follow‐up was not stated in all studies or was provided only as an approximate estimate; when not

stated, duration of follow‐up was inferred from figures or tables within the study.

Abbreviations: aHR, adjusted hazard ratio; aOR, adjusted odds ratio (adjusted for week group); ARR, adjusted rate ratio; CI, confidence interval; f/u,

follow‐up; HCW, healthcare worker; IRR, incidence rate ratio; NAAT, nucleic acid amplification test; WGS, whole genome sequencing.
aIn the baseline antibody and or PCR‐positive group (‘seropositive’ or prior positive cohort).
bBased on cases with WGS confirming the first and second infections were from different viral strains (N = 16).
c‘Possible’ reinfection was defined as a participant with two PCR‐positive samples ≥90 days apart with available genomic data, or an antibody‐positive
participant with a new positive PCR at least 4 weeks after the first antibody‐positive result. A ‘probable’ case additionally required supportive

quantitative serological data and or supportive viral genomic data from confirmatory samples.
dNAAT used as proxy; includes all symptomatic reinfections and prolonged viral shedding, comparing patients who had a positive antibody test at index

versus those with a negative antibody.
eMultivariate analysis of risk of PCR‐positive infection by baseline antibody status, stratified by LTCF and adjusted for sex and age.
fIRR is the relative incidence of subsequent positive SARS‐CoV‐2 PCR tests and symptomatic infections comparing antibody‐positive and antibody‐
negative groups at baseline.
gAfter adjustment for age, gender and month of testing or calendar time as a continuous variable.
hThe midpoint of a range of follow‐up dates was taken (300–349 days).
iAuthors report effectiveness with the following calculation: 1−([56/8845]/[4163/141480]).
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(Maccabi Healthcare Services) in Israel were reported, with a

maximum follow‐up of over 10 months. A total of 149,735 individuals

had a recorded positive PCR test between March 2020 and January

2021. Among them, 154 members had two positive PCR tests at least

100 days apart and were included in this study. The reinfection rate

was estimated at approximately 0.1%. In this cohort, 73 individuals

(47.4%) had symptoms at both PCR‐positive events.

3.1.4 | Qatar

In the study by Abu‐Raddad et al., published as a preprint, 43,044

anti‐SARS‐CoV‐2 nucleocapsid antibody‐positive participants were

followed for up to 8 months for evidence of reinfection.7 This

retrospective cohort was identified from a database that covers all

serological testing for SARS‐CoV‐2 conducted in Qatar.

There was evidence of a decreasing trend in the incidence rate of

reinfection with each additional month of follow‐up from the first

month (incidence rate: 0.97 per 10,000; 52 cases per 167,149 per-

son‐weeks) to the sixth month (zero cases per 19,148 person‐weeks)
(Mantel‐Haenszel trend analysis p‐value: <0.001), noting that early

reinfection cases (i.e., within 3 months) were likely due to persistent

viral shedding following the primary infection. There was an increase

at ≥7 months; however, this was based on only one case of rein-

fection (out of 3094 person‐weeks). Applying a confirmation rate

obtained through viral genome sequencing in a subset of patients

with supporting clinical evidence for reinfection, the risk of docu-

mented reinfection was 0.1% (95% CI: 0.08%–0.11%).

These reinfections were compared to a cohort of 149,923

antibody‐negative individuals followed for a median of 17 weeks

(range: 0–45.6 weeks). Risk of infection was estimated at 2.15% (95%

CI: 2.08%–2.22%). The efficacy of natural infection in protecting

against reinfection was estimated at 95.2% (95% CI: 94.1%–96.0%).

3.1.5 | United States

TwoUS studieswere identified, bothpublished as preprints. In thefirst,

a retrospective database analysis of electronic health recordswas used

to determine the risk of nucleic acid amplification technology (NAAT)

test positivity, a proxy for reinfection, over a maximum follow‐up of

3.1 months (Harvey et al.10). Of 3,257,478 unique patients with an

index antibody test, 378,606 (11.6%) had a positive antibody result at

baseline. The ratio of positive NAAT test results among patients who

had a positive antibody test at index versus those with a negative

antibody test at index declined from 2.85 (95% CI: 2.73–2.97) at 0–

30 days; to 0.67 (95% CI: 0.6–0.74) at 31–60 days; to 0.29 (95% CI:

0.24–0.35) at 60–90 days and to 0.10 (95%CI: 0.05–0.19) at>90 days.
In the second, 150,325 patients were followed for a maximum of

10 months (Sheehan et al.15). In total, 56 reinfections were identified

from the positive cohort of 8845 individuals, compared with 4163

infections from the negative cohort of 141,480 individuals. The

protective effectiveness of prior infection against reinfection was

estimated at 78.5% (95% CI: 72.0–83.5) and 83.1% (95% CI: 75.1–

88.5) against symptomatic reinfection.

3.2 | Healthcare workers

Three UK studies were identified that exclusively enrolled healthcare

workers. In the first study, published as a preprint, 20,787 hospital

staff were followed, of whom 32% (n = 6614) were assigned to the

positive cohort (antibody or PCR positive) and 68% (n= 14,173) to the

negative cohort (antibody negative, not previously known to be PCR

or antibody positive) (Hall et al.8). In total, 1,339,078 days of follow‐up
data were analysed from the baseline positive cohort (maximum

follow‐up of 7.6 months). In total, 44 reinfections (2 probable and 42

possible) were detected in the baseline positive cohort (15 of which

were symptomatic), compared with 318 new PCR‐positive infections
(249 of which were symptomatic) and 94 antibody seroconversions in

the negative cohort. The adjusted odds ratio (aOR) was 0.17 for all

reinfections (‘possible’ or ‘probable’; 95% CI: 0.13–0.24). Restricting

reinfections to probable reinfections only, participants in the positive

cohort had a 99% lower odds of probable reinfection (aOR of 0.01,

95% CI: 0.00–0.03). Restricting reinfections to those who were

symptomatic, investigators estimated that participants in the positive

cohort had an aOR of 0.08 (95% CI 0.05–0.13).

In the second study, 1038 healthcare workers with evidence of

previous infection (PCR and or antibody positive) and 10,137 without

(negative antibody and PCR) were followed for a maximum of

7.6 months (Hanrath et al.9). A positive PCR test was returned in 0%

(0/1038 [95% CI: 0%–0.4%]) of those with previous infection,

compared to 2.9% (290/10,137 [95% CI: 2.6–3.2]) of those without

(p < 0.0001, χ2 test).

In the third study, 12,541 UK healthcare workers were followed

for up to 31 weeks to compare the incidence of SARS‐CoV‐2 infec-

tion in seropositive (N = 1265, including 88 who seroconverted

during follow‐up) versus seronegative (N = 11,364) groups at base-

line (Lumley et al.11). A total of 223 anti‐spike seronegative health-

care workers had a positive PCR test, 100 during screening while

they were asymptomatic and 123 while symptomatic, whereas two

anti‐spike seropositive healthcare workers had a positive PCR test;

both workers were asymptomatic when tested. Incidence varied by

calendar time, reflecting the first (March through April) and second

(October and November) waves of the pandemic in the United

Kingdom and was consistently higher in seronegative healthcare

workers. After adjustment for age, gender and month of testing or

calendar time as a continuous variable, the incidence rate ratio in

seropositive workers was 0.11 (95% CI: 0.03–0.44) compared with

those who were seronegative at baseline.

3.3 | Residents and staff of elderly care homes

Two studies were identified that enrolled both residents and staff at

UK care homes.13,14
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In the first study (Jeffery‐Smith et al.13), the risk of reinfection

according to antibody seropositivity was investigated following out-

breaks in two London care homes13,18 over 4 months. The median

age of residents was 84 and 85 in each care home.

In total, 88 individuals with evidence of prior infection were

investigated for evidence of reinfection (antibody positive N = 87;

PCR positive N = 1). The reinfection rate in this cohort was 1/88

(1.1%), and this reinfection event was observed in a staff member. By

comparison, infection risk in the seronegative cohort was 30.1% (22/

73, including four people diagnosed by seroconversion). The RR was

estimated at 0.038 (95% CI: 0.005–0.273). The protection against

reinfection after four months in seropositive group was estimated at

96.2% (95% CI: 72.7%–99.5%).

In the second study, published as a preprint, staff and residents

in 100 long‐term care facilities (LTCFs) in England were followed

between October 2020 and February 2021 (Krutikov et al.14). In

total, 2111 individuals were enrolled (682 residents and 1429 staff).

The median age of residents was 86 years (IQR: 79–91) and 47 years

for staff (IQR range: 34–56). Blood sampling was offered to all par-

ticipants at three time points separated by 6–8 weeks intervals in

June, August and October 2020. Samples were tested for IgG anti-

bodies to nucleocapsid and spike protein. PCR testing for SARS‐CoV‐
2 was undertaken weekly in staff and monthly in residents. The

primary analysis estimated the adjusted hazard ratio (aHR) of a PCR‐
positive test by baseline antibody status (Cox regression adjusted for

age and gender, and stratified by LTCF).

IgG antibodies to nucleocapsid were detected at baseline in 226

residents (33%) and 408 staff (29%). Staff and residents contributed

3749 and 1809 months of follow‐up time, respectively. There were

93 PCR‐positive tests in seronegative residents (0.054 per month at

risk) compared with four in seropositive residents (0.007 per month

at risk). There were 111 PCR‐positive tests in seronegative staff

(0.042 per month at risk) compared with 10 in seropositive staff

(0.009 per month at risk). Controlling for the potential confounding

effect of individual LTCFs, the relative aHRs for PCR‐positive infec-

tion were 0.15 (95% CI: 0.05–0.44) and 0.39 (95% CI: 0.19–0.82)

comparing seropositive versus seronegative residents and staff,

respectively. Study authors concluded that the presence of IgG an-

tibodies to nucleocapsid was associated with substantially reduced

risk of reinfection in staff and residents for up to 10 months after

primary infection, assuming that the earliest infections occurred in

March 2020.

3.4 | Quality of included studies

The NIH quality assessment tools was used for appraisal of obser-

vational cohort studies.6 Ten studies were considered of ‘good’ or

‘fair’ methodological quality (Table S3), with one study10 that used a

proxy measure for outcomes (NAAT test positivity) considered to be

of poor quality.

Each of the 10 studies of ‘good’ (n = 4) or ‘fair’ (n = 6) methodo-

logical quality was considered large enough to adequately capture

reinfection events in their respective populations. A number of studies

was downgraded due to lack of controlling for confounders (n = 7

studies). In these studies, potential confounding variables were either

not assessed or not measured appropriately, or the statistical analysis

was not adequately described. As all studies were observational in

nature, they cannot be used to demonstrate causality. Therefore, only

associations between prior infection and reinfection risk can be

measured. While estimates of the effectiveness of natural infection to

prevent reinfection were reported in a number of studies, such mea-

sures cannot be reliably estimated on the basis of these data.

Six studies are currently published as preprints,7,8,10,12,14,15 so

have not yet been formally peer‐reviewed, raising additional con-

cerns about overall quality and the potential for results to change

prior to formal publication.

4 | DISCUSSION

4.1 | Summary of findings

Eleven cohort studies estimated the risk or relative risk of SARS‐
CoV‐2 reinfection in individuals who were either antibody‐positive
or who had a history of PCR‐confirmed Covid‐19 at baseline,

compared with those who did not, for up to 10 months. Across

studies, the total number of PCR‐ or antibody‐positive participants at
baseline was 615,777, with a maximum follow‐up of over 10 months

in three studies. Reinfection was a rare event (median PCR‐
confirmed reinfection rate: 0.27%, range: 0%–1.1%), with no study

reporting an increase in the risk of reinfection over time.

Of the six general population studies, only one estimated the

population‐level risk of reinfection based on whole genome

sequencing in a subset of patients with supporting evidence of

reinfection.7 The estimated risk was low (0.1% [95% CI: 0.08%–

0.11%]) in this large cohort of 43,044 anti‐SARS‐CoV‐2 nucleocapsid

antibody‐positive participants. Importantly, the incidence rate of

reinfection by month did not show any evidence of waning of im-

munity over the seven months of follow‐up. The remaining

population‐based studies (conducted in Austria, Denmark, Israel and

the United States) also reported low absolute and relative risks of

reinfection, and none reported an increased risk over time.

Only one study reported the relative risk of reinfection by age

category, allowing comparisons across groups. In individuals aged

65 years or more, the aRR was 0.53 (0.37–0.75), compared with 0.17,

0.20 and 0.19 in individuals aged 0–34 years, 35–49 years and 50–

64 years, respectively.17 The lower protection in the over‐65s group
may be attributable to immunosenescence; however, little is known

about this phenomenon in the context of COVID‐19.
Two UK studies reported lower risks of reinfection in elderly in-

dividuals. Both studies enrolled residents of care homes (median age

≥84 years), a group that has been disproportionately affected by the

COVID‐19 pandemic, with high rates of infection and deaths among

frail, elderly residents. In the first study, the relative risk of reinfection

in staff and residents of two London care homes was very low
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(RR = 0.038; 95% CI: 0.005–0.273), and the protection against rein-

fection after fourmonths in seropositive groupwas estimated at 96.2%

(95% CI: 72.7%–99.5%).13 This relative risk was based on a single

reinfection event in a seropositive staffmember, indicating the relative

risk in the elderly resident cohort is even lower. The second study re-

ported higher relative rates of reinfection14 in a sample of staff and

residents (N = 2111) across 100 LTCFs in England. The study, con-

ducted between October 2020 and February 2021, coincided with a

period of high community prevalence of SARS‐CoV‐2 in the United

Kingdom, associatedwith the rapid emergence of the B.1.1.7 variant.19

The estimated aHR for reinfection was 0.15 (95% CI: 0.05–0.44) in

residents and 0.39 (95% CI: 0.19–0.82) in staff. The higher relative

rates of infection compared with the earlier UK study raises concerns

regarding the impact of new variants on the protective immunity of

natural infection. Nonetheless, only four cases of possible reinfection

were identified in residents, and although all cases reported symptoms,

none required hospital treatment. Taking into consideration that most

residentswere likely first infectedduring thefirstwave (up to6months

prior), the risk of reinfection was substantially reduced in residents

even in the context of high community transmission of the B.1.1.7

variant.

Three UK studies estimated the relative risk of reinfection spe-

cifically among healthcare workers.8,9,11 The first study detected zero

symptomatic infections in 1038 healthcare workers with evidence of

a prior infection, compared with 290 in 10,137 without evidence of

prior infection (p < 0.0001).9 The second study detected two

asymptomatic infections (and no symptomatic infections) out of 1265

seropositive individuals, compared with 223 infections (100 during

screening while they were asymptomatic and 123 while symptom-

atic) out of 11,364 seronegative individuals.11 After adjustment for

age, gender and month of testing or calendar time, the incidence rate

ratio in seropositive healthcare workers was 0.11 (95% CI: 0.03–

0.44). The third study reported 44 reinfections in the baseline posi-

tive cohort of 6614 individuals (15 of which were symptomatic),

compared with 318 new PCR‐positive infections (249 of which were

symptomatic) and 94 antibody seroconversions in the negative

cohort of 14,173 individuals.8 The aOR was 0.17 for all reinfections

(95% CI: 0.13–0.24), and restricting reinfections to those who were

symptomatic, the aOR was 0.08 (95% CI 0.05–0.13). This pattern of a

lower relative risk of symptomatic reinfections in healthcare workers,

compared with ‘any’ reinfection (symptomatic and asymptomatic),

was also observed in the study by Sheehan et al. in general pop-

ulations.15 This finding suggests that not only is the risk of reinfection

following natural infection low, when it does occur, it may represent a

less severe form of disease.

4.2 | Strengths and limitations

To our knowledge, this is the first systematic review to quantify the

risk of SARS‐CoV‐2 reinfection over time. All studies were consid-

ered large enough to adequately capture reinfection events in their

respective populations. Results across studies consistently

demonstrated a substantially lower risk of reinfection in previously

infected individuals without a waning of the protective response over

time. However, despite these strengths, there are a number of limi-

tations associated with this review.

First, as the studies are observational in nature, the prevention

of reinfection cannot be causally confirmed, although longitudinal

associations can be estimated. Additional concerns relating to

observational studies include the greater potential for bias. It is

possible that antibody test results affected individual behaviour. In-

dividuals with evidence of prior infection may have believed that they

possessed immunity to SARS‐CoV‐2, resulting in a reduction in

health‐seeking behaviour and testing (outcome ascertainment bias).

Conversely, these individuals may have increased their engagement

in social behaviour, placing them at greater risk for infection. The

overall direction of bias (whether over‐ or under‐estimating rein-

fection) cannot be determined.

Second, studies included in this review could not determine

whether past seroconversion, or current antibody levels, determine

protection from infection. Furthermore, none could define which

characteristics are associated with reinfection. For example, there is

evidence to suggest immune responses are weaker following

asymptomatic SARS‐CoV‐2 infections20 and in immunocompromised

patients,21 which may increase susceptibility to repeat infection.

Mucosal immunity and neutralising antibodies present in respiratory

secretions may be more important for sterilising immunity than

circulating IgG levels. The role of T‐cell immunity was not assessed in
any study; therefore, it is not possible to determine whether pro-

tection from reinfection is conferred through the measured anti-

bodies or T‐cell immunity. Future longitudinal serological cohorts

may be able to determine protective correlates of immunity.

Third, only two studies undertook genomic sequencing of rein-

fected cases; consequently, the results of nine studies are only based

on potential reinfections. The effect of this, however, is to over-

estimate the number of reinfections, thereby affirming the conclusion

that reinfection is rare.

Fourth, due to the nature of a number of retrospective database

analyses included in this review, many studies could not correlate

symptomatic infections with protection against repeat infection or

evaluate disease progression comparing first and second infections.

This was true for studies that accessed large databases in Austria,16

Denmark17 and the United States.10

Finally, this review included a number of studies that were

published as preprints (n = 6 studies7,8,10,12,14,15). While preprints

have been pivotal to guide policy and practice throughout this

pandemic, these studies have not yet been formally peer‐reviewed
raising concerns over the quality and accuracy of presented data.

4.3 | Generalisability of findings

There are a number of issues relating to the applicability and gen-

eralisability of the presented results. First, all but two studies pre-

ceded the widespread identification and spread of a number of new
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viral strains of international concern (e.g., variant 202012/01 [also

known as 501Y.V1/B.1.1.7] from the United Kingdom and 501Y.V2

[B.1.351] from South Africa, both identified in December 202022). In

the first study that extended beyond December 2020, reinfection

events between March 2020 and January 2021 in Israel were

recorded.12 A higher number of reinfections was recorded in January

2021 compared with previous months. However, genomic sequencing

was not reported and statistical analysis of the recorded data (e.g.,

controlling for confounders and significance testing) was not under-

taken. In the second study, elderly care home staff and residents in

the United Kingdom were followed between October 2020 and

February 2021.14 Sequencing data were not available for suspected

reinfections, and study authors did not investigate the potential

impact of new variants on the risk of reinfection. Nonetheless, the

risk of reinfection was substantially reduced in elderly residents,

most of whom were first infected up to 6 months previously. While

these findings are reassuring, further research is needed on the role

of natural immunity in populations that are experiencing the emer-

gence and spread of new variants of concern.

Second, all presented data relate to unvaccinated cohorts as they

preceded vaccine roll‐out in 10 studies, and in the only study that

was conducted during vaccine roll‐out, all vaccinated individuals

were excluded once 12 days had passed since their vaccination.14

The applicability of the data to vaccinated populations is therefore

unknown.

One preprint study (Lumley et al., 202123), identified after our

database search, reported reinfection rates among healthcareworkers

according to vaccination status and in relation to the B.1.1.7 variant.

This study updates the 2020 study included in this review by the same

authors11 andpresents data up to28February2021.At this timepoint,

1456 of 13,109 participating healthcare workers had received two

vaccinedoses (Pfizer‐BioNTechorOxford‐AstraZeneca). Compared to
unvaccinated seronegative healthcare workers, natural immunity and

two vaccination doses provided similar protection against symptom-

atic infection: no healthcare worker who had received two vaccine

doses had a symptomatic infection, and incidence was 98% lower in

seropositive healthcare workers (adjusted incidence rate ratio 0.02,

95% CI: <0.01–0.18). Two vaccine doses or seropositivity reduced the
incidence of anyPCR‐positive resultwith orwithout symptomsby90%
(0.10, 95% CI: 0.02–0.38) and 85% (0.15 95% CI: 0.08–0.26) respec-

tively. There was no evidence of differences in immunity induced by

natural infection andvaccination for infectionswith theB.1.1.7 variant.

These data suggest that both natural infection and vaccination both

provide robust protection against SARS‐CoV‐2 infection, including

against the B.1.1.7 variant. Future studies are expected to expand our

understanding of the differences between natural and vaccine‐
acquired immunity and the impact of new variants.

Third, there is much uncertainty in relation to the risk of reinfec-

tion in younger and older age groups. Inconsistent data were identified

relating to elderly populations,with one study reporting higher rates of

reinfection compared with younger age groups17 and two reporting

low rates of reinfection in elderly residents of care homes (although

these two studies did not compare risk across age groups).13,14

4.4 | Research in context and policy implications

This review was expected to inform a range of policy questions

relating to the duration of protective immunity following infection

with SARS‐CoV‐2, such as:

� How long can asymptomatic individuals who have recovered from

a prior SARS‐CoV‐2 infection be exempted from restriction of

movement policies if they become a close contact of a confirmed

COVID‐19 case?

� How long can asymptomatic individuals who have recovered from

a prior SARS‐CoV‐2 infection be exempted from serial testing

programmes?

� How long can asymptomatic patients who have recovered from a

prior SARS‐CoV‐2 infection be exempted from the requirement

for testing prior to scheduled admission to hospital?

This review identified a large body of evidence that indicates

the duration of presumptive protective immunity may last for at up

to 10 months post‐infection. However, given the uncertainty that

exists relating to reinfection potential with emerging variants, any

policy changes may not be applicable to possible exposure to

emerging immune escape variants of concern. In addition, policies

should be kept under review and informed by the international

evidence and national surveillance data. In light of the findings of

this review, policy was updated in Ireland to extend the period of

presumptive immunity from 3 months to 6 months; therefore, a

person who is an asymptomatic contact of a case and has had a

positive test result within the previous 6 months is exempt from

restriction of movements and serial testing. A period of 6 months

was selected over 10 months due to the ongoing uncertainties

relating to new variants.

Increasingly, reinfection cases are being investigated on a

country level and are reported on websites of national public health

agencies (e.g., Czechia now report a national reinfection rate of 0.1%,

or 1400 cases out of 1,225,000 infections24). Future longitudinal

studies should focus on the following issues that were not addressed

in the aforementioned studies, including:

� The durability of immunity beyond 10 months

� Immune correlates of protection

� Protective immunity in populations with comorbidities and the

immunocompromised

� The impact of new variants on protective immunity

5 | CONCLUSIONS

Eleven large cohort studies were identified that estimated the risk of

SARS‐CoV‐2 reinfection over time, including three that enrolled

healthcare workers and two that enrolled elderly care home resi-

dents. All studies reported low relative SARS‐CoV‐2 reinfection rates
in individuals with prior evidence of infection, compared with those
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without, for up to 10 months. The relative risk of reinfection was low

across studies, although there was some inconsistent evidence of a

higher risk in older populations compared with younger populations.

A limitation of this review was the uncertainty regarding the appli-

cability of data to new variants of concern and to vaccinated

populations.
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