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Abstract

We systematically reviewed studies to estimate the risk of SARS-CoV-2 reinfection among those previously infected with
SARS-CoV-2. For this systematic review, we searched scientific publications on PubMed and MedRxiv, a pre-print server, through
August 18, 2021. Eligible studies were retrieved on August 18, 2021. The following search term was used on PubMed: (((“Cohort
Studies”[Majr]) AND (“COVID-19”[Mesh] OR “SARS-CoV-2"[Mesh])) OR “Reinfection”’[Majr]) OR “Reinfection”’[Mesh]. The
following search term was used on MedRxiv: “Cohort Studies” AND “COVID-19” OR “SARS-CoV-2" AND “Reinfection”. The
search terms were broad to encompass all applicable studies. There were no restrictions on the date of publication. Studies that
did not describe cohorts with estimates of the risk of SARS-CoV-2 reinfection among those with previous infection were
excluded. Studies that included vaccinated participants were either excluded or limited to sub-groups of non-vaccinated indi-
viduals. To identify relevant studies with appropriate control groups, we developed the following criteria for studies to be
included in the systematic analysis: (|) baseline polymerase chain reaction (PCR) testing, (2) a uninfected comparison group,
(3) longitudinal follow-up, (4) a cohort of human participants, i.e. not a case report or case series, and (5) outcome determined by
PCR. The review was conducted following PRISMA guidelines. We assessed for selection, information, and analysis bias, per
PRISMA guidelines. We identified 1,392 reports. Of those, 10 studies were eligible for our systematic review. The weighted
average risk reduction against reinfection was 90.4% with a standard deviation of 7.7% (p-value: <0.01). Protection against
SARS-CoV-2 reinfection was observed for up to 10 months. Studies had potential information, selection, and analysis biases. The
protective effect of prior SARS-CoV-2 infection on re-infection is high and similar to the protective effect of vaccination. More
research is needed to characterize the duration of protection and the impact of different SARS-CoV-2 variants.
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lacked detectable antibodies were at 80% lower risk of reinfec-
tion than people who were SARS-CoV-2 naive (Breathnach
et al., 2021). One retrospective study that analyzed test results
among nearly 10,000 individuals with prior SARS-CoV-2
infection found that only 0.7% became reinfected with
SARS-CoV-2 (Qureshi et al., 2021).

Other studies have also described reduced risk of infection,
morbidity, and mortality among those with prior COVID-19.
A study conducted in Austria found that the frequency of

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the causative agent of coronavirus disease 2019
(COVID-19), is highly infectious and continues to cause sub-
stantial morbidity and mortality (Dong et al., 2020; Jin et al.,
2020). Prior to the development of highly safe and effective
vaccines for SARS-CoV-2 infection, scientists reported that
a history of COVID-19 was associated with reduced risk of
SARS-CoV-2 reinfection (Addetia et al., 2020). Virus-
induced immunity has been described in many infections and

is responsible for the decline of epidemic spread associated
with exhaustion of the susceptible population (Rouse & Sehra-
wat, 2010). However, the duration and degree of the protective
effect of SARS-CoV-2s-induced immunity is poorly studied.
Prior epidemiologic studies have found that individuals who
are SARS-CoV-2 antibody-positive are protected against rein-
fection (Abu-Raddad et al., 2021; Harvey et al., 2021;
Jeffery-Smith et al., 2021). Furthermore, investigators have
reported that even those with prior SARS-CoV-2 infection who
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Table 1. Studies Through August 18, 2021, That Show Prior COVID-19 Infection Reduces Risk for Reinfection.

Percent Reduction in

Setting Reinfection Sample Size Follow-Up Reference

Israel 94.8% 238,702 9.92 million person-months Goldberg et al., April 20, 2021
England 84.0% 25,661 Median 9.2 months (IQR: 7.3-9.7) Hall et al., April 9, 2021
Denmark 80.5% 525,339 Up to 10.3 months Hansen et al., March 27, 2021
USA 100.0% 5,052 12625.2 person-months Kojima et al., July 8, 2021

US Marines 82.0% 3,076 1.9 months Letizia et al., April 15, 2021
Austria 91.0% 8,900,480 Up to 9.4 months Pilz et al., February 13, 2021
USA 84.0% 16,101 8.4 months Rennert et al., May 16, 2021
USA 81.8% 150,325 Up to 9.8 months Sheehan et al.,, March 15, 2021
USA 100.0% 52,238 Median 5.1 months (IQR: 2.7-6.4) Shrestha et al., June |, 2021
Italy 94.0% 13,496 Mean 9.3 months (SD 1.4) Vitale et al., May 28, 2021
Weighted average 90.4% 9,930,470

hospitalization and death due to a SARS-CoV-2 reinfection
was 5 out of 14,840 (0.03%) and 1 out of 14,840 (0.01%),
respectively (Pilz et al., 2021).

A history of COVID-19 may be as protective against rein-
fection as vaccination for SARS-CoV-2. A study investigating
the frequency of repeat infection among laboratory personnel
undergoing daily testing found no difference in SARS-CoV-2
infection rates between those with prior COVID-19 versus
those vaccinated for SARS-CoV-2 infection (Kojima et al.,
2021). Thompson et al. also reported that the decrease in risk
of SARS-CoV-2 reinfection among those with prior infection
was similar in magnitude to the relative risk reduction against
SARS-CoV-2 infection among those who were vaccinated
(Thompson et al., 2021). In a longitudinal study conducted
among employees at the Cleveland Clinic, vaccination was
not found to be associated with a lower risk of SARS-CoV-2
infection among people with prior COVID-19 (Shrestha et al.,
2021).

Despite the availability of safe and effective vaccines, rates
of SARS-CoV-2 infection are again increasing, especially
among those without immunity (Christie et al., 2021). We
aimed to determine the protective effect of previous infection
among those who have not been also vaccinated against
SARS-CoV-2. We systematically reviewed published longitu-
dinal studies to estimate the risk of SARS-CoV-2 reinfection
among those previously infected with SARS-CoV-2.

Method

For this systematic review, we searched scientific publica-
tions on PubMed and the pre-print server, MedRxiv, through
August 18, 2021. Eligible studies were retrieved on August
18, 2021. The following search term was used on PubMed:
(((“Cohort Studies”’[Majr]) AND (“COVID-19”’[Mesh] OR
“SARS-CoV-2”[Mesh])) OR “Reinfection”’[Majr]) OR
“Reinfection”’[Mesh]. The following search term was used
on MedRxiv: “Cohort Studies” AND “COVID-19” OR
“SARS-CoV-2” AND “Reinfection”. The search terms were
broad to encompass all applicable studies. There were no

restrictions on the date of publication. Studies that did not
describe cohorts with estimates of the risk of SARS-CoV-2
reinfection among those with previous infection were
excluded. Studies that included vaccinated participants were
either excluded or limited to sub-groups of non-vaccinated
individuals.

To identify relevant studies with appropriate control
groups, we developed the following criteria for studies to be
included in the systematic analysis: (1) baseline polymerase
chain reaction (PCR) testing, (2) a uninfected comparison
group, (3) longitudinal follow-up, (4) a cohort of human par-
ticipants, i.e. not a case report or case series, and (5) outcome
determined by PCR.

The review was conducted following PRISMA guidelines
(Page et al., 2021). Abstracts were reviewed and ineligible
studies were not included. Two reviewers identified studies for
the systematic review. One reviewer collected data from each
report and the other reviewer independently checked the work.
If there was an inconsistency, reviewer one and reviewer two
would discuss the study and come to a consensus.

Synthesis Methods

Articles that met criteria for the systematic review are shown in
Table 1. We reviewed selected reports to extract the following
information: Author, year of publication, study cohort, reinfec-
tion risk, and follow-up time in person-months when available.
We assessed for selection, information, and analysis bias, per
PRISMA guidelines. Due to the heterogeneity of the studies
reviewed, sensitivity analyses and a meta-analysis was not
attempted.

Statistics

A p-value for percent reduction was calculated on StataSE
(StataCorp, College Station, TX).

Registration

This systematic review was not registered.
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Records identified from:
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MedRxiv (n = 1125)

)
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Reports excluded:

Pubmed (n = 267)
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Reports sought for retrieval
Pubmed (n = 29)
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Reports assessed for eligibility
Pubmed (n = 29)
MedRxiv (n = 27)

Screening

Studies included in review
Pubmed (n =7)
MedRxiv (n = 3)

\ 4

Pubmed (n = 238)
MedRxiv (n = 1098)

Reports excluded:

Pubmed
No control group (n = 12)
Not longitudinal (n = 3)
Did not have baseline PCR
testing (n =7)

MedRxiv
No control group (n = 5)
Did not have baseline PCR
testing (n = 15)
Duplicate (n =4)

Figure 1. PRISMA flow diagram for systematic reviews.

Results

We identified 1,392 reports (Figure 1). Of those reports, 10 stud-
ies met the study inclusion criteria from 6 different countries. The
total population in the 10 studies included 9,930,470 individuals
with a median observation period that ranged from one to
10.3 months.

We found that the relative decreased risk of SARS-CoV-2
reinfection ranged between 80.5 to 100% compared to those with-
out prior infection (Table 1). The weighted average risk reduction
against reinfection was 90.4%, with a standard deviation of 7.7%.
The p-value for percentage reduction was less than 0.01.

The studies conducted by Goldberg et al., Hansen et al., Pilz
et al., and Vitale et al., had cohorts compiled from national
databases, which may have generated a selection bias towards
people who had access to SARS-CoV-2 testing and were reg-
istered (Goldberg et al., 2021; Hansen et al., 2021; Pilz et al.,

2021; Vitale et al., 2021). The study conducted by Hall et al.
followed a cohort of 30,625 participants (Hall et al., 2021). In
their study 51 participants withdrew and 4,913 participants
were excluded because they did not have linked data for
SARS-CoV-2 testing. That may have biased their study against
people who did not have follow up testing, i.e. information and
analysis bias. The study conducted by Letizia et al. studied
young and healthy adults in the United States Marines who
were undergoing basic training, and the housing conditions and
interactions of individuals in that setting would not be readily
extrapolated to the average population (Letizia et al., 2021).
The study conducted by Rennert et al. studied university stu-
dents that are younger and healthier than the average popula-
tion (Rennert & McMahan, 2021). The study conducted by
Shrestha et al. included younger and relatively healthier people,
and since the study was done entirely after vaccines became
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available, there was also likely selection bias due to differential
participation among those who decided not to get vaccinated
(Shrestha et al., 2021).

The studies conducted by Hall et al., Rennert et al., and
Sheehan et al., included follow-up that extended into the period
when vaccines became available, and since vaccination was not
controlled for, it is likely that vaccination among some subjects
in the previously uninfected groups would have resulted in
information bias resulting in an underestimation or overestima-
tion of the effect size (Hall et al., 2021; Rennert & McMahan,
2021; Sheehan et al., 2021).

Discussion

We systematically reviewed published longitudinal studies of
SARS-CoV-2 reinfection with PCR confirmed initial and
repeat infections. We found that the weighted average risk
reduction against reinfection was 90.4% and was statistically
significant. Protection was observed up to 10 months. People
with prior COVID-19 had a similar and durable level of pro-
tection when compared to those vaccinated against
SARS-CoV-2 (Kojima et al., 2021; Stephens & McElrath,
2020).

In our systematic review, protection against SARS-CoV-2
reinfection was observed in up to 10 months following initial
infection. It is not clear how long natural protection after infec-
tion will last. Biological studies have found persistent reser-
voirs of immunological active and antibody producing cells for
up to 10 months or longer (Cohen et al., 2021).

The studies were conducted in 6 different countries. The
studies ranged from participants that were younger than the
national average (Letizia et al., 2021; Rennert & McMahan,
2021), as well as populations that were older than the national
average (Vitale et al., 2021). Some studies followed partici-
pants at a national level (Goldberg et al., 2021; Hansen et al.,
2021; Pilz et al., 2021), whereas other studies more closely
followed cohorts (Letizia et al., 2021; Rennert & McMahan,
2021). While methodologies of studies differed, all reviewed
studies consistently found decreased risk of reinfection among
people with prior SARS-CoV-2 infection.

A recent United States Centers of Disease Control and Pre-
vention (CDC) investigation conducted in Kentucky among
persons with prior COVID-19 found that vaccination was asso-
ciated with enhanced protection of those with prior infection
(Cavanaugh et al., 2021). In the CDC study, lack of vaccination
after infection was associated with an increased odds of repeat
SARS-CoV-2 infection, although the absolute increased risk of
re-infection was very low. The study may have been biased due
to different risk behaviors of the cases and controls. The study
did not account for adherence with pandemic precautions
(masking and social distancing), which would have been
expected to have been different in the cases and controls.

Our study had several limitations. Our review was limited to
studies with PCR confirmation of infection and re-infection.
Multiple other studies, however, using SARS-CoV-2 antibody
status as a measure of infection have similar results

(Abu-Raddad et al., 2021; Harvey et al., 2021; Leidi, Berner,
etal., 2021; Leidi, Koegler, et al., 2021). Our systematic review
utilized some studies published on MedRxiv, a pre-print server.
While MedRxiv has been helpful during the COVID-19 pan-
demic due to the rapid ability to disseminate information to
colleagues, studies that were accessed on the site were not
peer-reviewed. Furthermore, many of the studies cannot be
replicated because they occurred in settings prior to the avail-
ability of vaccination against SARS-CoV-2 among people with
history of infection.

Many of the studies including in our review followed people
infected with SARS-CoV-2 earlier in the pandemic when infec-
tion was most likely with the original wildtype strain of
SARS-CoV-2 before the development of variant strains. There-
fore, our findings may differ in the current context of infections
with exposure to variants that differ from the original infecting
variant.

However a recent pre-print from a study conducted in the
United Kingdom found among persons infected during a
period of nearly exclusive Delta SARS-CoV-2 transmission,
those fully vaccinated with BNT162b2 and ChAdOx1 (had
similar levels of protection (82% and 67%, respectively) as
those with previous infection (73%) (Pouwels et al., 2021).
Additionally, in a recent retrospective cohort study that was
conducted in Israel which compared rates of SARS-CoV-2
infection or reinfection with the Delta variant among SARS--
CoV-2-naive individuals who received the BNT162b2 vac-
cine to people who had recovered from COVID-19, found
that vaccinated, but SARS-CoV-2-naive people, had an
increased risk of infection with the Delta variant when com-
pared to people who had recovered from COVID-19 (Gazit
et al., 2021). This association was statistically significant in
two models that either matched to the time of the first event
(13.1-fold increased risk) or did not match to time of first
event (6.0-fold increased risk).

Implications

Our findings suggest that persons with prior COVID-19 are
protected against SARS-CoV-2 reinfection. While protection
has been observed in up to 10 months after initial infection, it is
unclear how long the protection will last. Given the recency of
new circulating variants like Delta, the protective effect of a
previous infection with one variant and exposure to a different
variant are uncertain. However, recent studies during the period
of transmission of the Delta variant are promising.

Conclusions

There is consistent epidemiologic evidence that prior
SARS-CoV-2 infection provides substantial immunity to
repeat SARS-CoV-2 infection. Prior SARS-CoV-2 infections
provide similar protection when compared to vaccination for
SARS-CoV-2. Longer follow-up studies are needed to deter-
mine how long protection lasts for natural immunity, especially
among higher risk groups such as those with chronic medical
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conditions and those that are immunocompromised. More
research is needed to investigate whether initial disease sever-
ity changes the risk of repeat infection. Finally, more research
is needed to determine how much protection persists against
emerging variants, like the Delta variant of SARS-CoV-2.
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