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Abstract

Background: Although infection with SARS-CoV-2 results in protective immune responses in recovered patients, rein-
fection with the virus is not impossible. Here we systematically reviewed literature-based-reported cases of reinfections
in order to explore the virus-related, clinical, and demographic characteristics of re-infection in patients. Methods: This
is a systematic review of all case reports of reinfection since the pandemic has begun. We searched through PubMed,
Web of Science, Scopus, Google Scholar, and Embase databases and selected case reports and case series of reinfections
by genetically confirmed COVID-19 virus strains. Results: Among 360 cases reported, just 39 cases met our criteria
(genetically confirmed COVID-19 virus strains). The mean + standard deviation of the age was 42 + 17.4 (17.4 SD)
with an equal proportion of males and females. The Second infection was asymptomatic or mild in most cases. The
interval between the first and second infection was from 11 to 286 days. Nineteen patients had no underlying diseases,
and four patients were immunodeficient due to immunosuppressive therapy. The First and second infection viruses
were from different clades in 20 patients. Close to half of the reinfection occurred in health care workers. Conclusion:
Evidence suggests that there is no guarantee that infection with SARS-CoV-2 protects from reinfection and that even
immunocompetent patients are prone to be reinfected in the virus strain changes.
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support the idea that being infected with SARS-CoV-2
protects from subsequent infection. An animal study with

1. INTRODUCTION

SARS-CoV-2, the virus responsible for COVID-19 dis-
ease is an RNA virus that belongs to the Coronaviridae
family.The virus primarily attacks the respiratory system
resulting in fever, dyspnea, cough, and respiratory failure,
multiple organ failure, and death in the most severe cases .

Following infection with SARS-CoV-2, the virus
induces the host’s immune system to develop neutralizing
antibodies, binding antibodies like IgG and IgM, CD4+ T
cells, CD8+ T cells, and memory B cells all of which cor-
relate with immunity to the virus. These immune responses

rhesus macaques monkeys showed that infection with
SARS-Cov-2 protects against reinfection with the same
virus 14 days after the last negative RT-PCR test. However,
several studies have reported patients who have become
retest positive for SARS-CoV-2 RNA following recovery
from the first infection . This could be due to false-negative
RT-PCR test that was done as a criterion for discharge from
isolation, persistence of shedding of the virus, and reinfec-
tion . The issue of reinfection has raised concern among
healthcare professionals, reinfection could happen due to
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low antibody titer either because patients’ immune system
did not produce enough antibody during the first infection
or antibody level has waned after recovery and emergence
of new variants of the virus with higher infectivity and
transmissibility and also the ability to escape from immune
system the so-called Variants of Concern (VOC)[,].

Considering the fact that RNA viruses such as SARS-
CoV-2 are highly mutable, new VOCs are expected to
occur, thus increasing the risk of reinfection. We aimed
to systematically review studies that have reported infec-
tion with a genetically distinct form of SARS-CoV-2 after
recovery from the first COVID-19 infection. This paper
describes the demographic and clinical characteristics of
39 confirmed reinfected patients reported in the literature.

2. METHODS

We conducted a systematic review of lit-
erature in May 2021; our study is in accordance
with the Preferred Reported Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist.

2.1 Search strategy and information sources

The following databases were searched for relevant
articles: PubMed, Web of Science, Scopus, Google Scholar,
and Embase. Our search strategy includes (2019-nCoV OR
COVID-19 OR SARS-CoV-2 OR novel coronavirus) AND
(reinfection OR relapse OR recurrent OR reactivation OR
re-detectable OR redetectable OR re-positive), we also
applied Human studies and English article filters where
possible in databases advanced search filters. Articles
that were published until 15 May 2021 were retrieved.

2.2 Study selection and eligibility criteria

Duplicate articles were removed using Mendeley
reference manager software Version 1.19.8. Two authors
independently screened the title and abstract of articles to
check for relevant ones; a third author was consulted in
case of any discrepancy. We carefully reviewed the full-
text of the remaining articles. Studies that had reported
a case of reinfection with COVID-19 after recovery
from the first episode of the disease in which reinfection
was confirmed based on genetic analyses of the SARS-
CoV-2 viruses causing the two episodes of infection were
included in our study. Non-English articles, animal models
and lab studies, and articles that their full-text or their orig-
inal data was not available were excluded from the study.

2.3 Data collection and analysis

The following items were extracted and inserted
into an excel sheet, Title, first authors name, country
of origin, number of patients reported in each study,

demographic characteristics of patients, infection sever-
ity during first and second infection, criteria for discharge
from isolation after recovery from the first infection, the
interval between last negative RT-PCR test and second
infection, underlying diseases, presence of antibody
in time of the second infection, clades and lineages of
viruses responsible for the first and second infection. All
statistical analyses were done using SPSS version 26.

2.4 Quality assessment

We used the Joanna Briggs Institute
(JBI) Critical Appraisal Checklist for Case
Reports to assess the quality of included studies.

3. RESULTS

We identified a total of 3331 articles through database
searching. Of these, 1337 were duplicated. After removing
duplicates, we screened the title and abstract of the remain-
ing articles and selected 303 relevant articles for full-text
screening. Of these 30 met our inclusion criteria mentioned
in the method section and included in our study. (Figure 1)

Articles reviewed in this study are from 15 different
countries, including 27 case reports and three case series
reporting an overall of 39 patients with two episodes of
SARS-CoV-2 infection caused by genetically distinct
viruses. Patients data is 97.4% complete on sex, 8§7.2%
for age, 100% for first infection severity, 94.9% for
second infection severity, 67.7% for the criteria for dis-
charge from isolation, 92.3% for the interval between two
episodes of the disease, 79.4% for underlying diseases,
53.8% for antibody status of patients following the first
infection, 56.4% for clades of viruses responsible for both
episodes, and 12.8% for lineages of viruses causing the
first and second episode of the disease. Patients with no
reported underlying diseases were considered immuno-
competent. Articles information is summarized in tablel.

Our study’s mean reported age of reviewed cases is
42(17.4(SD), ranging from 16 to 89 years old. Of reported
patients, 18 (47.4%) were female, and 20 (52.6%) were
male (one study has not reported the sex of the patient).

The Severity of the first infection was reported to be mild
in most cases (74.4%). The Second episode of the disease
was asymptomatic or mild in 75.7% of patients for whom
the severity of the second infection was reported (Table 1
- Appendix). In 11 patients (29.7% of those data regarding
second infection severity was available for them) second
infection outcomes were more severe than the first infection.

Two negative RT-PCR tests was the most (76.9%)
common criteria for discharge from isolation after
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Figure 1: Flow diagram of search results and selection process

recovery from the first episode of the disease. Most of
the patients for whom the data was available (61.2%)
had no underlying diseases and only 4 patients
have been treated with immunosuppressive drugs
for their underlying diseases (Table 1 - Appendix).

Among cases with a reported interval between first and
second infection, 58.3% were infected more than 90 days
afterthe firstinfection witharange of 11 to 286 days (Table 1).

Virus clades responsible for the first and second infec-
tion were reported for 25 cases. The virus clade causing
the first episode of the disease differed from the virus clade
causing the second episode in 20 cases (Tablel). Eight

cases have been reinfected due to exposure to a VOC.
There are two reports of reinfection with the same virus
clade but from a different lineage and one report of reinfec-
tion with the same viral clade and the same virus lineage.

Antibody test was negative in 8 individuals (38%) at
the time of reinfection and positive for anti-SARS-CoV-2
IgG following the first infection in 13 patients (61%).

Of reviewed cases in this study, 16 (41%) were among
health care workers. All being infected more than 30 days
after the firstinfection. There was only one case with underly-
ing diseases among health care workers. Almost all (93.8%)
health care workers were asymptomatic or experienced
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mild symptoms in the second episode of the disease.

4. DISCUSSION

Here we reviewed demographic and clinical
characteristics of 39 confirmed reinfected cases with SARS-
CoV-2. The wide age distribution of reported patients (from
16 to 89) indicates that reinfection is not limited to a spe-
cific age group. 82.4 % of patients were younger than 60.
The proportion of males and females were almost equal. In
a cohort study conducted by Fan Wu et al., elderly patients
had significantly higher levels of neutralizing antibodies
than young patients; this could be a reason for the higher
proportion of younger patients in our review. Fiona Tea et
al. also found an association between antibody titer and
older age, but they found no association between sex and
antibody titer. Conversely, in a cohort of 126 convalescent
patients, Sabra L.klein et al. indicated that higher titers of
neutralizing antibodies are associated with the male gender.

According to our data, most reinfected patients do
not develop severe disease during the second episode. A
systematic review of 123 re-positive COVID-19 cases
conducted by Szilard Vancsa et al. revealed that 82.7%
of patients developed the mild and moderate disease in
the second episode, of note that the study, except for eight
cases, lacked data to confirm that second episode was
a reinfection and not reactivation of the previous infec-
tion. In a retrospective cohort study, 11.4% of suspected
reinfection cases were hospitalized, but data regarding
the severity of the second infection was not available,
suspected reinfection is defined as being infected with
SARS-CoV-2 for the second time a minimum of 90 days
after the first infection [,]. Most of the mild cases during
the first infection ended in mild or moderate reinfections.
It is of note that all severe reinfections resulted from mild
first infections reflecting the lower protective immunity of
mild cases. According to a study, this could be due to the
short-lasting antibodies in cases with mild SARS-CoV-2.

The interval between first and second infection varies
widely among reported individuals suggesting that the
immunity following infection with SARS-CoV-2 may
differ from one person to another in terms of efficacy and
duration and that there is no certainty about how long is
the patient immune against the virus after being discharged
from isolation. Luchsinger et al. found that 21 days after
symptoms resolved, convalescent plasma had significantly
lower neutralizing activity than a week earlier. Another
study showed that Neutralizing activity of convalescent
patients plasma showed a fivefold decrease 6.2 months after
infection in comparison with 1.3 months post-infection.

Two negative RT-PCR test was reported for 20 patients
before reinfection, which means that the virus has been

cleared from the upper respiratory tract, thus decreas-
ing the risk of the within-host mutation phenomenon.
SARS-CoV-2 within-host mutations have been reported
in an immunocompromised patient by Avanzato et al.
There were no reported comorbidities in
19 patients; this suggests that even patients
who have no immunodeficiencies are at risk of
reinfection. But a higher risk of reinfection in immuno-
suppressed patients was reported in the literature .

One study involved reinfection with a virus from
the same clade and the same lineage of a 28-year-old
male with no reported underlying conditions, but in the
absence of IgG and IgM antibodies against the virus,
authors suggested that the patient is a rare case of not
developing immunity after the first infection. Conversely,
a 21-year-old immunocompetent woman was reported
to be reinfected with the virus from different clades
despite having a protective titer of neutralizing anti-
bodies against the virus of the first infection. Evidence
suggests changes in the antigenicity of SARS-CoV-2,
which affects the neutralizing potential of antibodies
produced following infection with the unmutated virus. .

Working as a health care staff was common amongst
the patients reported in the articles. Health care workers,
especially those working in “patient-facing” roles, have an
increased risk of exposure to the virus. Murillo-Zamora et al.
indicated that health care workers are at higher risk of rein-
fection when compared with students and housewives; it is
of note that reinfection criteria in their study was defined as
a positive RT-PCR test after symptoms were resolved and
at least 28 days following the first positive RT-PCR test 21.

Our study comes with strengths and limitations; one
of its strengths is that we only included reports of patients
with genetically confirmed reinfection. One of its lim-
itations is that the presence and titer of antibodies in
recovered individuals was reported at different time points,
thus making it impossible to assess the role of antibodies
in protecting from reinfection. Genome sequencing is not
a procedure done routinely, so cases of confirmed rein-
fection may go unreported. It is of note that seven articles
have not been peer-reviewed at the time of study selection.

5. CONCLUSION

There is no guarantee that one will be immune
against subsequent infections once recovered from the
COVID-19 disease. The immunity which is caused by
a vaccine is longer lasting and is achieved at a lower
cost as infection with SARS-CoV-2 may result in terri-
ble outcomes. Also, while infection-induced immunity
varies widely among individuals, vaccination results in
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a strong immune response in most people. With these in
mind, herd immunity is best achieved through vaccina-
tion rather than infection of a majority of the population.
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Reinfection with SARS- Jason D. Goldman Casereport | The US NR* NR Severe Moderate 101 19B (No NR 20A (the NR March, 2020 | July, 2020 Immunocompetent IgG, IgM NR
CoV-2 and Failure of mutation in A23403G
Humoral Immunity: a spike protein mutation,
case report compared to which confers
root) the D614G
amino acid
change in spike
protein)
Genomic Evidence of Carolina nonaka Case report Brazil 45. | Female Mild Mild 147 Clade=208, Pangolin Clade=208, Pangolin Immunocompetent NR
SARS-CoV-2 Reinfection 00 Spike mutation lineage=B.1 ()whereas the lineage=P.2 HCW**
Involving E484K Spike from root mutation
Mutation, Brazil D614G S:E484K,
D614G was
observed in the
second
infection.
Evidence of SARS-CoV-2 Philippe Colson Case report- | France 70. Male Moderate | Asympto 105 Clade=20A NR Clade=B.1 Pangolin Immunocompetent NR NR
re-infection with a A letter to 00 matic lineage:B.1.16
different genotype the editor
Severe Acute Respiratory Paola Cristina Case report Brazil 37. | Female Mild Mild 116 Clade=20B Pangolin Clade=208, Pangolin Immunocompetent NR HCW
Syndrome Coronavirus 2 Resende 00 lineage=B.1.1. ()whereas the lineage=P.2
P.2 Lineage Associated mutation
with Reinfection Case, S:E484K was
Brazil, June-October 2020 observed in the
second
infection.
SARS-CoV-2 reinfection Camila Malta Case report Brazil 26. | Female Mild Mild 128 not a VOC Clade=P.1 Pangolin Immunocompetent
caused by the P.1 lineage Romano 00 lineage=P.1 (Rheumatoid arthritis, but NR NR

in Araraquara city, Sao
Paulo State, Brazil

had no history of drug
administration)




6 Clinical characteristics of Mostafa Salehi- Case series Iran 32. | Female Mild Mild 63 not reported D614G Immunocompetent IgG ( presence of antibody at NR
SARS-CoV-2 by re- Vaziri 00 mutation of S the time of second infection)
infection vs. reactivation: gene from the
a case series from Iran second isolate
42. Male Mild Mild 111 not reported D614G IgG, IgM NR
00 mutation of S
gene from the
second sample
7 Symptomatic SARS-CoV-2 Philippe Selhorst Case report | Belgium 39. | Female | Moderate Mild 185 Clade: B.1 Clade: B Immunocompetent IgG (Neutralising activity after HCW
reinfection of a health 00 first infection although not
care worker in a Belgian exactly before reinfection)
nosocomial outbreak
despite primary
neutralizing antibody
response
8 Evidence of SARS-CoV-2 Gabriela Sevillano Case report | Ecuador 28. Male Mild Mild 82 Clade=B.1.1, Clade=B.1.1, Immunocompetent Antibody against SARS-CoV-2 NR
reinfection within the 00 Pango Pango was absent
same clade in Ecuador: A lineage:B.1.1.2 lineage:B.1.1.2
case study 9 9 (re-infection
with a very
similar virus)
9 Clinical, Serological, Jayanthi Shastri Case series India 27. Male Mild Mild 60 Pango Clade=B.1, Immunocompetent NR HCW
Whole Genome Sequence 00 lineage:B, Pango
Analyses to Confirm Clade:B lineage=B.1.18
SARS-CoV-2 Reinfection 0
in Patients Fr(?m Mumbai, 24. | Female Mild Mild 48 Pango Clade=B.1.1, Immunocompetent IgG HCW
India 00 lineage:B.1, Pango
Clade:B.1 lineage=B.1.1.3
2
51. | Female Mild Moderate 133 B.1.5 B.1 Immunocompetent NR HCW
00
10 Case series of four re- Thérese Staub Case series | Luxemb NR Male Mild Asympto 278 not reported B.1.351 (at the Immunocompetent NR HCW
infections with a SARS- ourg matic time of first
CoV-2 B.1.351 variant, infection
Luxembourg, February B.1.351 was

2021

not circulating
in the region)




NR | Female Mild Mild 278 not reported B.1.351 (at the Immunocompetent NR HCW
time of first
infection
B.1.351 was
not circulating
in the region)
NR | Female | Asymptom Mild not reported B.1.351 (at the Immunocompetent NR HCW
atic time of first
infection
B.1.351 was
not circulating
in the region)
NR | Female Mild Mild 33 not reported B.1.351 (at the Immunocompetent NR HCW
time of first
infection
B.1.351 was
not circulating
in the region)
11 Asymptomatic reinfection Vivek Gupta Case report- India 25. Male Asymptom | Asympto 108 not reported not reported Immunocompetent NR HCW
in two healthcare A letter to 00 atic matic exactly exactly
workers from India with the editor
genetically distinct SARS-
CoV-2
28. | Female | Asymptom | Asympto 111 not reported not reported Immunocompetent NR HCW
00 atic matic exactly exactly
12 Confirmed Reinfection David Harrington Case report- | The UK 78. Male Mild Critical 240 B.2 B.1.1.7 Immunocompetent NR NR
With Severe Acute A letter to 00
Respiratory Syndrome the editor
Coronavirus 2 (SARSCoV-
2) Variant VOC-
202012/01
13 COVID-19 re-infection by | Belén Prado-Vivar Case report | Ecuador 46. Male Mild Moderate 28 B.2 B.1.79 Immunocompetent NR NR
a phylogenetically distinct 00
SARS-CoV-2 variant, first
confirmed event in South
America.
14 Case Study: Longitudinal Jonathan Klein Casereport | The US 65. Male Mild Mild 209 B.1(D614G) B.1.280 Immunocompromised IgG NR
immune profiling of a 00 (D614G) (Organ recipient)

SARS-CoV-2 reinfection in
a solid organ transplant
recipient




15 Clinical, virologic and Pauline Vetter Case report | Switzerl 36. | Female Mild Mild 150 20A 20A (S477N) Immunocompetent Antibody against SARS-CoV-2 HCW
immunologic features of and 00 was absent
a mild case of SARS CoV-2
reinfect
16 Reinfection with severe Lucila Marquez Case report- | The US 16. | Female Mild Mild B.1.2 B.1.1.7 (VOCQ) Immunocompetent IgM NR
acute respiratory A letter to 00
syndrome coronavirus 2 the editor
(SARS-CoV-2) B.1.1.7
variantin an
immunocompromised
adolescent
17 Reinfection of Severe Marlies Mulder Case report | Netherl 89. | Female Mild severe not reported not reported Immunocompromised Antibody against SARS-CoV-2 NR
Acute Respiratory ands 00 was absent
Syndrome Coronavirus 2
inan
Immunocompromised
Patient: A Case Report
18 sars-cov-2 reinfection by Felipe Naveca Case report Brazil 29. | Female Mild Mild 286 B.1 P.1(S:K417T, Immunocompetent IgG NR
the new variant of 00 S:E484K, and
concern (voc) p.1in S:N501Y)
amazonas,brazil
19 SARS-CoV-2 B.1.1.7 federica novazzi Case report Italy 56. Male Severe 30 Wuhan-Hu-1 B.1.1.7 Immunocompetent IgG present at the time of NR
reinfection after previous 00 reinfection in both cases
COVID-19 in two
immunocompetent
Italian patients 58. Male Severe 18 Wuhan-Hu-1 B.1.1.7 Immunocompetent IgG present at the time of NR
00 reinfection in both cases
20 COVID-19 re-infection by | kelvin kai wang to Case report Hong 33. Male Mild Asympto 142 B.2 B.1.79 Immunocompetent Antibody against SARS-CoV-2 NR
a phylogenetically distinct kong 00 matic was absent
SARS-coronavirus-2 strain
confirmed by whole
genome sequencing
21 SARS-CoV-2 Reinfection christopher h Casereport | The US 61. Male Mild Moderate 63 not reported not reported Immunocompromised Antibody against SARS-CoV-2 NR
in a Liver Transplant tomkins tinch 00 was absent

Recipient




22 Severe Reinfection With Zucman, Noémie Case report France 58. Male Mild severe 129 and viral Immunocompetent IgG NR
South African Severe 00 genome
Acute Respiratory sequencing
Syndrome Coronavirus 2 identified
(SARS-CoV-2) Variant D80A, E484K
501Y.vV2 and N501Y
mutations in
the spike
region,
characterizing
the 501Y.V2
lineage B.1.351
variant.
23 Symptomatic reinfection Rani, Pallavali R Case report- India a7. Male Asymptom Mild 38 B.1.36 (Spike: B.1.36 (Spike: 25, July, 2, August, Immunocompetent NR NR
of SARS-CoV-2 with spike A letter to 00 atic N440K) N440K) 2020 2020
protein variant N440K the editor
associated with immune
escape
24 Evidence of Severe Acute Onkar Kulkarni Case report- India 61. Male Asymptom Mild 44 revealed that Immunocompetent NR HCW
Respiratory Syndrome A letter to 00 atic all of the 4 viral
Coronavirus 2 (SARS-CoV- the editor genomes
2) Reinfection Without belonged to
Mutations in the Spike the 20B clade,
Protein and carry the
D614G
mutation in
spike. While
38. Male Mild Mild 18 4, Nov, 2020 22, Nov, Immunocompetent NR NR
00 2020
25 SARS-CoV-2 Reinfection Brehm, Thomas Case report | German 27. | Female Mild Mild 265 initial virus Immunocompetent IgG and neutralizing activity HCW
in a Healthcare Worker Theo y 00 variant in was present after first
Despite the Presence of March (HH- infection but did not protect
Detectable Neutralizing 24.1) and the from reinfection
Antibodies variant in
December (HH-

24.11) belonged
to pangoline
lineages B.3




and B.1.177,
respectively

26 Serologic Responses in Paul K.S. Chan Case report Hong 33. Male Mild Asympto 123 23,March, 15, August, Immunocompetent Antibody against SARS-CoV-2 NR
Healthy Adult with SARS- kong 00 matic 2020 2020 was absent
CoV-2 Reinfection, Hong
Kong, August 2020
27 Symptomatic SARS-CoV-2 | Daniela Loconsole Case report Italy 41. | Female Mild Mild 270 B.1.1.74, B.1.177, 21, March, | 11, January, Immunocompetent NR HCW
Reinfection in a Healthy 00 S=D614G S=A222V, 2020 2021
Healthcare Worker in D614G
Italy Confirmed by
Whole-Genome
Sequencing
28 Evidence of Severe Acute Jee-Soo Lee Case report Korea 21. | Female Mild Mild 11 Clade=V Clade=G 11, March, 6, April, Immunocompetent IgG(protective neutralizing NR
Respiratory Syndrome 00 2020 2020 activity was reported)
Coronavirus 2 Reinfection
After Recovery from Mild
Coronavirus Disease 2019
29 Early detection of SARS- Mariana Soares da | Case report Brazil 39. Male Mild Death 87 P1(E484K) P2(E484K) Immunocompetent NR NR
CoV-2 P.1 variant in Silva 00
Southern Brazil and
reinfection of the same
patient by P.2
30 Genomicevidence for Richard L Tillett Case report | The US 25. Male Mild severe 31 20C 20C Immunocompetent NR NR
reinfection with SARS- 00

CoV-2: a case study

*Not reported

**Health care worker




