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ABSTRACT
The COVID-19 pandemic has infected millions 
of people worldwide and many countries have 
been suffering from a large number of deaths. 
Acknowledging the ability of SARS- CoV-2 to 
mutate into distinct strains as an RNA virus and 
investigating its potential to cause reinfection is 
important for future health policy guidelines. It 
was thought that individuals who recovered from 
COVID-19 generate a robust immune response and 
develop protective immunity; however, since the 
first case of documented reinfection of COVID-19 in 
August 2020, there have been a number of cases 
with reinfection. Many cases are lacking genomic 
data of the two infections, and it remains unclear 
whether they were caused by different strains. In 
the present study, we undertook a rapid systematic 
review to identify cases infected with different 
genetic strains of SARS- CoV-2 confirmed by PCR 
and viral genome sequencing. A total of 17 cases 
of genetically confirmed COVID-19 reinfection were 
found. One immunocompromised patient had mild 
symptoms with the first infection but developed 
severe symptoms resulting in death with the second 
infection. Overall, 68.8% (11/16) had similar 
severity; 18.8% (3/16) had worse symptoms; and 
12.5% (2/16) had milder symptoms with the second 
episode. Our case series shows that reinfection with 
different strains is possible, and some cases may 
experience more severe infections with the second 
episode. The findings also suggest that COVID-19 
may continue to circulate even after achieving herd 
immunity through natural infection or vaccination, 
suggesting the need for longer- term transmission 
mitigation efforts.

COVID-19 has infected over 38 million individ-
uals and claimed at least one million lives across 
the globe since it originated in Wuhan, China, 
in late 2019.1 As an RNA virus that is prone 
to mutations, SARS- CoV-2 has been reported 
to have heterogeneous genetic composition in 
different geographical locations.2 Since August 
2020, several cases of COVID-19 reinfections 
have been reported. The current study aimed to 
summarize these cases to facilitate our under-
standing on the degree of protective immunity.

Electronic databases (PubMed, MedRxiv, 
and Social Science Research Network) were 
searched from January 1, 2020, to October 12, 
2020, using terms “SARS- CoV-2,” “CoV2,” 

“COVID-19,” and “reinfection”. COVID-19 
reinfection was defined as individuals infected 
with different genetic strains of SARS- CoV-2 
confirmed by PCR. Only studies with viral 
genome sequencing available for both infec-
tious events were included in this report to 
distinguish true reinfection and prolonged viral 
shedding, as research has shown that a certain 
proportion of patients may continue to carry 
the virus despite resolution of symptoms and 
prior negative PCR tests.3 For this reason, six 
peer- reviewed articles and two news articles 
from the stated date range describing either 
individual or small groups of additional possible 
COVID-19 reinfections (totaling 31 individ-
uals) were excluded.

A total of 17 cases of genetically confirmed 
COVID-19 reinfection have been reported in 
the literature to date, which are summarized in 
table 1. Reinfection has been reported in Asia, 
Europe, and North and South America. Ages of 
reinfected individuals ranged between 24 and 
89 years old. Mean interval between the first 
and the second infections averaged 76 days 
(range 19–142). Only one reinfected patient 
was immunocompromised (1/17, 5.8%). This 
patient was a woman in her 80s undergoing 
chemotherapy for a hematological malignancy 
who had mild symptoms with her first infec-
tion but developed severe symptoms, resulting 
in death with her second infection.4 Among 
the remaining 16 patients, the proportion of 
patients having mild/asymptomatic infections 
were the same for the first and second episodes 
(93.8%). Overall, 68.8% (11/16) had similar 
severity; 18.8% (3/16) had worse symptoms; 
and 12.5% (2/16) had milder symptoms with 
the second episode.

Individuals who recovered from COVID-19 
were generally thought to generate a robust 
immune response to clear the virus. However, 
it remains to be determined whether the initial 
infection confers a protective immunity to 
subsequent infections. Recent research has 
suggested that positive COVID-19 antibody 
from initial infection may provide protec-
tion against reinfection in a majority of study 
subjects, but reinfection is still possible in 
certain individuals.5 Reinfection with other 
human coronaviruses is common, despite the 
presence of antibodies.6 The current case series 
indicate that COVID-19 reinfection is possible, 
and the second infection may result in worse 
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symptoms in nearly 20% of patients and serious complica-
tions in those who are elderly and immunocompromised. 
This raises concern because previous reports from SARS, 
MERS- CoV, and dengue viruses documented that pre- 
existing, non- neutralizing or poorly neutralizing antibodies 
that developed as a result of infection or vaccine enhanced 
subsequent infection (antibody- dependent enhancement 
(ADE)) and a similar phenomenon may be occurring with 
SARS- CoV-2.7 Our data also suggest that reinfection is not 
specific to any particular strain, and multiple strains with a 
different genetic sequence have been shown to cause rein-
fection. Due to the emergence of the recently described 
spike deletion variants from UK and South Africa, it is of 
interest whether second infections can occur in people who 
have had COVID-19 during the ‘first wave’ before these 
variants were prevalent.

Given the potential reporting bias and the current report 
including only studies with genomic data, there are likely 
many more reinfection cases than have been currently 
described. However, the true prevalence of COVID-19 
reinfection may be difficult to estimate, considering that 
complete genomic data are not available in most COVID-19 
infections and many patients with milder symptoms were 
not tested in the early phase of this pandemic. Addition-
ally, people with asymptomatic reinfections are less likely to 
be identified, so identifying true prevalence of COVID-19 
reinfection is difficult without population- based studies, 
which is a possible area for future research. Studies included 
in our analysis reported certain key nucleotide differ-
ences between the sequenced viruses, but more recently, 
new variants have also been detected in areas of the UK 
where cases are rising.8 Some primary literature cited in 
our study did not contain data on seroconversion, so it is 
difficult to comment on the connection between immu-
nity and presence of antibody, but one patient developed 
reinfection despite prior positive antibody test (patient 5). 
Considering that the two strains belong to the same clade 
in some reported cases, the possibility of accelerated muta-
tion of the original strain or simultaneous infection with 
more than one strain, in addition to waning immunity, 
should be also considered. It is also difficult to differentiate 
between COVID-19 reinfection, relapse and PCR reposi-
tivity in some cases, and Yahav et al9 proposed reinfection 
as >90 days apart, but we restricted our inclusion criteria 
to only patients with confirmed infection with different 
genetic strains. Two meta- analyses undertaken early in the 
pandemic reported that reinfection or repositivity were rare 
but lacked cases with genomic data.10 11

Our case series indicate that previous COVID-19 expo-
sure does not confer total immunity and that a second 
infection is possible. Therefore, individuals, regardless of 
history of prior infection, should continue to participate 
in mitigating the spread of infection by practicing social 
distancing and mask wearing. The findings also suggest that 
COVID-19 may continue to circulate in humans,12 even 
after achieving herd immunity through natural infection or 
vaccination.

Contributors JW: methodology (equal) and writing of the original draft. 
CK: methodology (equal) and writing of original draft (equal). TS: editing and 
approval of the final draft. AS: conceptualization, methodology, writing, and 
review and editing.

Funding The authors have not declared a specific grant for this research from 
any funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval The present study was a rapid systematic review of 
published case reports or case series, soinstitutional review board approval 
was not necessary.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), 
and is not responsible for any error and/or omissions arising from translation 
and adaptation or otherwise.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid-19 pandemic or until 
otherwise determined by BMJ. You may use, download and print the article for 
any lawful, non- commercial purpose (including text and data mining) provided 
that all copyright notices and trade marks are retained.

ORCID iD
Atsushi Sakuraba http:// orcid. org/ 0000- 0003- 2519- 6129

REFERENCES
 1 Johns Hopkins Medicine. Coronavirus resource center, 2020. Available: https:// 

coronavirus. jhu. edu/ map. html [Accessed 12 Oct 2020].
 2 Islam MR, Hoque MN, Rahman MS, et al. Genome- wide analysis of SARS- 

CoV-2 virus strains circulating worldwide implicates heterogeneity. Sci Rep 
2020;10:14004.

 3 Lan L, Xu D, Ye G, et al. Positive RT- PCR test results in patients recovered from 
COVID-19. JAMA 2020;323:1502–3.

 4 Mulder M, van der Vegt DSJM, Oude Munnink BB, et al. Reinfection of SARS- 
CoV-2 in an immunocompromised patient: a case report. Clin Infect Dis 2020. 
doi:10.1093/cid/ciaa1538. [Epub ahead of print: 09 Oct 2020].

 5 Hall SF V, Charlett A, et al, SIREN Study Group. Do antibody positive healthcare 
workers have lower SARS- CoV-2 infection rates than antibody negative 
healthcare workers? Large multi- centre prospective cohort study (the SIREN 
study), England: June to November 2020. medRxiv 2021.

 6 Galanti M, Shaman J. Direct observation of repeated infections with endemic 
coronaviruses. J Infect Dis 2021;223:409–15.

 7 Karthik K, Senthilkumar TMA, Udhayavel S, et al. Role of antibody- dependent 
enhancement (ADE) in the virulence of SARS- CoV-2 and its mitigation 
strategies for the development of vaccines and immunotherapies to counter 
COVID-19. Hum Vaccin Immunother 2020;16:3055–60.

 8 Wise J. Covid-19: new coronavirus variant is identified in UK. BMJ 
2020;371:m4857.

 9 Yahav D, Yelin D, Eckerle I, et al. Definitions for coronavirus disease 2019 
reinfection, relapse and PCR re- positivity. Clin Microbiol Infect 2021;27:315-
318.

 10 worldometer. COVID-19 coronavirus pandemic. Available: https://www. 
worldometers. info/ coronavirus/ [Accessed 02 Oct 2020].

 11 Azam M, Sulistiana R, Ratnawati M, et al. Recurrent SARS- CoV-2 RNA 
positivity after COVID-19: a systematic review and meta- analysis. Sci Rep 
2020;10.

 12 To KK- W, Hung IF- N, Ip JD, et al. COVID-19 re- infection by a phylogenetically 
distinct SARS- coronavirus-2 strain confirmed by whole genome sequencing. 
Clin Infect Dis 2020. doi:10.1093/cid/ciaa1275. [Epub ahead of print: 25 Aug 
2020].

 on A
pril 19, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2021-001853 on 18 M
ay 2021. D

ow
nloaded from

 

http://orcid.org/0000-0003-2519-6129
https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
http://dx.doi.org/10.1038/s41598-020-70812-6
http://dx.doi.org/10.1001/jama.2020.2783
http://dx.doi.org/10.1093/cid/ciaa1538
http://dx.doi.org/10.1101/2021.01.13.21249642
http://dx.doi.org/10.1093/infdis/jiaa392
http://dx.doi.org/10.1080/21645515.2020.1796425
http://dx.doi.org/10.1136/bmj.m4857
http://dx.doi.org/10.1016/j.cmi.2020.11.028
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
http://dx.doi.org/10.1038/s41598-020-77739-y
http://dx.doi.org/10.1093/cid/ciaa1275

	COVID-19 reinfection: a rapid systematic review of case reports and case series
	Abstract
	References


