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Reinfections in COVID-19 are being reported all around the world and are a cause for
concern, considering that a lot of our assumptions and modeling (including vaccination)
related to the disease have relied on long-term immunity. We were one of the first groups

to report a series of 4 healthcare workers to have been reinfected. This review article re-
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ports a scoping review of the available literature on reinfections, with a discussion of the
implications of reinfections.
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Introduction

In December 2019, there was an outbreak of a novel coronavirus
in Wuhan, China. This virus was subsequently named SARS-
CoV-2 and the disease caused by it COVID-19. In March 2020,
the World Health Organization declared a pandemic of COVID-
19." Millions of people have since been infected with SARS-CoV-2.

Till recently, it was assumed that an infection with the
virus was likely to provide an individual with long-standing
immunity. However, recently, reinfections have been reported
across the world. A healthcare worker at our institution was
reinfected with SARS-CoV-2 and we collaboratively published
a series of four such reinfections.”

This article is a summary of the current knowledge about
reinfections and their potential implications.

* Corresponding author.

Methods

We searched Medline, EMBASE and medRxiv on 28 October
2020 using the keywords “COVID-197, “SARS-COV-2” and
“reinfection”. Two researchers (LP and VN) then reviewed the
titles and abstracts for relevance, and reviewed full texts of
the relevant articles.

Results

The results of our search are summarized in Fig. 1. We identi-
fied 27 reported cases of reinfection with SARS-CoV-2, of which
13 were confirmed cases, with whole genome sequencing
(WGS) of the strains used for confirmation. Details of these 13
cases are summarized in Table 1. Nine published reports were
identified with 13 reported cases that met our inclusion
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criteria. Of these 13 patients, 9 were males. The median age was
31 years (interquartile range [IQR] 27—46 years). The median
duration between the first and second episodes was 60 days
(IQR 51—108 days). Eight of the 13 patients had the second
episode, which was of a greater severity than the first. To the
best of our knowledge, there was no infection among contacts
of the patients whom we reported. However, a detailed contact
tracing exercise was not undertaken, and we cannot be sure of
the same. None of the other studies report contact tracing in-
formation as well (See Table 2).

COVID-19 and immunity

Reinfection with endemic human coronaviruses is not very
uncommon.® Short-lasting protective immunity postinfection
followed by reinfection with genetically disparate forms of the
viral strain has been reported for endemic coronaviruses
causing milder respiratory illness.*

In patients recovering from the novel coronavirus infec-
tion, anti—SARS-CoV-2 antibodies detected in the blood are
known to decline rapidly, with a mean half-life of 36 days.”
This is especially true among individuals who have had mild
symptoms or have an asymptomatic infection.® This is in
contrast to SARS-CoV infections, in which IgG antibodies were
found to persist in high titres for up to 2 years.” Whether these
declining antibody levels render individuals susceptible to
reinfection is presently not known.

Studies indicate that SARS-CoV-2 infection induces both a
neutralizing antibody response® and a cellular response with
virus-specific T cells.” Individuals who recover from COVID-19
appear to have memory B and T cells.'® However, not all in-
dividuals seroconvert, and in mild infections, antibody tiers
may decline with time."

For SARS-CoV, despite waning antibody levels, the presence
of cell-mediated immunity has been demonstrated for over a
decade after initial infection.'” A recent study from France has
demonstrated the presence of a similar cell-mediated immu-
nity in family contacts of individuals with mild COVID-19
despite having no antibodies.”® Whether SARS-CoV-2 will
universally induce a similar response and whether such a cell-
mediated immune response is protective are unknown.

An individual who tests positive for the second time after
recovery could have a reinfection, could be persistent positive
or could be a relapse/recurrence of the same infection.

A) Reinfection

An infection with a new strain of SARS-CoV-2, in an indi-
vidual who has recovered from an episode of COVID-19, is
termed as “reinfection”.

To confirm a reinfection, it is necessary to demonstrate a
new strain on WGS. It is also ideal that a negative swab is
documented between the episodes.” A “reinfection” was
defined as one in which paired specimens underwent
WGS and were compared and found to be different. We also
collected data for “possible reinfections” in which a reinfec-
tion was postulated, but not confirmed. At our institute, all
tested samples are stored at —70 °C, and they are processed for
WGS if a reinfection is suspected.

Number of records identified

through database search
Medline-16
EMBASE-108

MedRxIV-425

l

Total number of records-549

l

Records after duplicates removed
(6 duplicates removed)- 543

l

Relevant Records after screening

title and abstracts - 52

27- review articles and 1

e —————————————
l nonhuman study

24 -Number of

full text articles accessed for
eligibility

8 not confirmed on whole
l genome sequencing
_

6- review articles

9 published reports that met
inclusion criteria

Fig. 1 — Flowchart of the studies included in the scoping
review.

B) Persistent positivity

Some individuals are known to demonstrate presence of
viral RNA in the nasopharyngeal swabs for a prolonged
period after infection. However, studies suggest that such
“shedders” are unlikely to harbour live virus and such RNA
possibly represents a non-viable virus.'*

An epidemiological study from the Korean CDC over a
period of 1 month found that in 447 re-positive cases, with an
average of 44.9 days (range 8—82 days) from initial symptom
onset date to testing positive after discharge. This was sur-
veillance data, and only 37.5% of these individuals had
symptoms. Of the subset of 285 patients who were investi-
gated, none of the 790 contacts appear to have been infected,
suggesting that these re-positive patients were likely to not
harbour live virus or have been reinfected.’

Subgenomic messenger RNA, found in actively replication
virus, can be detected by RT-PCR, and maybe a more useful
test for viable virus.'®

C) Relapse/recurrence

There is a hypothesis that a reservoir of infection in the
body could reactivate after apparent recovery causing
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Table 1 — The cases of reinfection reported.

Paper/Case Age/sex/demographics Severity of COVID-19 during the first  Severity of COVID-19 during the second Time between the first and second
number episode episode episode
1-K, Hung I, et al.”* 33/male/no Mild Asymptomatic 142 days
comorbidities infection second infection
2-Tillett R, 25/male/no Mild infection Increased clinical 42 days
Sevinsky comorbidities severity during the
J, et al.?* second episode
3-Jayanthi Series of 4 patients: All 4 patients All 4 patients had Between 19
Shastri, et al>*® Patient 1—27/male/no comorbidities had mild infection increased clinical and 65 days
Patient 2—31/male/no comorbidities severity during the
Patient 3—27/male/no comorbidities second episode
Patient 4—24/female/no comorbidities
4-Van Elslande, 51/female Mild infection Similar symptoms 60 days
etal.”® /asthmatic but milder in the
second episode
5-Prado-Vivar, 46/male/no Mild Increased clinical 30 days
etal.”’ comorbidities symptoms severity during
the second episode
5-Larson D, et al.?® 42/male/no Mild Increased clinical 51 days
comorbidities symptoms severity during
the second episode
7-Mulder M, et al.”° 89/female/ Mild Severe illness 59 days
immunocompromized-known symptoms during the
case of Waldenstrom's second episode
macroglobulinemia
8-Goldman j, 60—69/male/known Moderate illness Mild illness 140 days
etal.® case of severe

9-Gupta V, et al.*!

emphysema

on home oxygen

Series of two

healthcare workers:

Patient 1—25/male/

no comorbidities

Patient 2—28/female/no comorbidities

Both patients were
asymptomatic

Both patients
were asymptomatic

during the second episode

108—111 days

9 of the 12 cases reported suggest that the second infection was more severe than the first episode. This may be similar to what is described for other viral infections such as dengue.*
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Severity of the

Severity of the first infection

Patients' demographics and comorbidities

Name of the
paper

formed.

Yes

90 days

asymptomatic

Mild symptoms

1-Bongiovanni, M, 48/female/healthcare worker

et al®”’

2-Duggan, N.M,

No

10 days

Moderate illness

Severe illness

82/female/CKD/Parkinson's disease/HTN/DM

et al.*®
3-Lafaie L, et al*°

4-Luo, A.*°

No

Almost 60 days

22 days

Severe illness
Mild illness

Severe illness

Geriatric case report of 3 patients

58/female/no comorbidities

Yes

Mild to moderate illness

Mild illness

120 days Yes

Mild illness

5-Nachmias, et al*' 20/male/no co-morbidities

Yes

Almost 30 days

Mild illness

Mild illness

24/female/no comorbidities/healthcare worker/overweight

6-Livia pimento

Bonifacio, et al*?

7-Fernandes

No

53—70 days

Mild illness

Series of 6 healthcare workers/5 were females and 3 had co-morbidities Mild illness with only one reporting hypoxia.

Valente Takeda,

et al*®

8-Alanoud

66 days No

Mild illness

Mild illness

46/female/healthcare worker/asthmatic

AlFehaidi, et al**

relapses.’”” The COCOREC study (Collaborative study COvid
Recurrences) conducted across multiple centres in France
identified 11 patients between 6 April 2020 and 14 May 2020
who had possible reinfections. However, the investigators
acknowledged that the short median symptom-free interval (9
days for four healthcare workers with mild symptoms, 11 days
for moderately affected) made the possibility of “viral reac-
tivation from sanctuaries” feasible."’

How do we confirm a reinfection?

The clinical context of a reinfection would be that of an indi-
vidual having two separate clinical presentations consistent
with COVID-19, the swab becoming positive in both the in-
stances and a negative swab after the first episode during re-
covery. The confirmatory test would be a WGS.

A) WGS

In WGS, the RNA from nasopharyngeal and oropharyngeal
swab is subjected to whole genome sequencing and compar-
ative genome and protein-based functional analyses are per-
formed on the nucleotide and amino acid sequences. Paired-
end sequencing, the recommended mode of WGS, allows
users to sequence both ends of a fragment and generate high-
quality, alignable sequence data, and facilitates detection of
genomic rearrangements and repetitive sequence elements,
as well as gene fusions and novel transcripts. It improves the
ability to identify the relative positions of various reads in the
genome, making it much more effective than single-end
reading in resolving structural rearrangements such as gene
insertions, deletions, or inversions. It can also improve the
assembly of repetitive regions'®. Genomic variations observed
through whole genome sequencing are then correlated with
clinical presentation and can be confirmed a reinfection of
SARS-CoV-2.”

To improve the accuracy of WGS, certain quality criteria
need to be adhered to, to improve specificity. “Genome
coverage” alludes to the average number of sequenced bases
that align to, or “cover”, known reference bases. For example,
a whole genome sequenced at 30x coverage means that, on
average, each base in the genome was sequenced 30 times. At
higher levels of coverage, each base is covered by a greater
number of aligned sequences reads, so base calls can be made
with a higher degree of confidence. A quality score, “Q score”,
is a metric that predicts or estimates the probability of an error
in base calling. It serves as a compact way to communicate
very small error probabilities. A high Q-score implies that a
base call is more reliable and less likely to be incorrect. Higher
the Q-score, lower the probability of error.”

When the genome is sequenced, the read pairs found are
phylogenetically analyzed to classify the sequence as
belonging to a particular clade (being monophyletic, or having
a common ancestor) based on single nucleotide variants
(SNVs), mutations that are characteristic for a clade. Clusters
of two or more SNVs are called multinucleotide variants
(MNVs).

As viruses multiply and propagate, SNVs and MNVs accu-
mulate. For SARS-CoV-2, the observed extrapolated rate of
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SNV and MNV accumulation of 22.78 has been presently re-
ported, and a rate significantly greater than this in paired
samples has been used to classify episodes of infections
caused by these strains as being reinfections.”®

In addition to whole genome sequencing, culturing the
virus in the second episode and demonstrating its cytopathic
effects is recommended, but not routinely feasible because of
the biosafety standards that such culturing necessitates.

B) Cycle threshold (Ct value)

Ct is defined as the cycle number when the sample fluo-
rescence exceeds a chosen threshold above the calculated
background fluorescence.”

For the RT-PCR test performed, the cycle threshold (Ct) is
suggestive of the quantum of viral RNA present in the spec-
imen collected. A cycle threshold (Ct) value of less than 37 is
defined as a positive test, whereas a Ct value of more than 40 is
defined as a negative test.”

One expects the Ct value to increase as an individual re-
covers from COVID-19.

If, however, the Ct value decreases, especially with the
passage of a few weeks, this could point towards a reinfection
if the clinical context is consistent. The disadvantages of the
Ctvalue are as follows: (1) there is no absolute Ct cut-off value;
and (2) Ct cut-off values are different for each diagnostic re-
agent even for the same gene.” Ct value cannot be a tool to
confirm reinfection, but can be useful in cases of persistent
positivity as an indication of a possible reinfection that would
need confirmation by whole genome sequencing.

We conducted a scoping review of the available literature
about the reinfection cases.

Implications of a reinfection
A) Herd immunity

When a sufficiently large proportion of immune in-
dividuals are presentin a given population, it provides indirect
protection from the infection to the susceptible individuals
and this is what is referred to as herd immunity.**

There are possible ways in which widespread SARS-CoV-2
immunity may develop by a mass vaccination campaign or if
natural immunization of global populations with the infection
over time. If reinfections are more prevalent, this would
interfere with the development of herd immunity by natural
immunization.

B) The preliminary findings from the first large seropre-
valence study from Mumbai were reported on 29
July 2020.** Fifty-seven percent individuals sampled
from slums and 16 percent individuals sampled from
buildings were found to have antibodies. This has led to
optimism that the city may soon be able to achieve herd
immunity. However, a follow-up seroprevalence study
from Mumbai reported that the presence of COVID-19
antibodies in the samples from the slum areas in the
city have decreased by 12%, and seroprevalence of
COVID-19 was decreased to 45% compared with 57% in

the first survey.>® This suggests a likely antibody decay.
If such decay is associated with susceptibility to rein-
fection, we might witness more reinfections being re-
ported in future
C) The idea of “immunity passports” was based on the
same assumption that reinfections are unlikely.® Re-
infections suggest that we may have to understand the
immunology of COVID-19 disease better before such
assumptions can be held to be true.
If vaccine-induced immune response is likely to decay
akin to natural immune response, the likelihood of
vaccine failure and the need for booster immunization
will need to be re-evaluated.

S}

Limitations

Our search of the literature resulted in the above summary of
cases with reinfections (confirmed as well as probable).
However, these are not representative of any sample, and
hence, making demographic or causal inferences would not
be appropriate, as these are likely to suffer from various
confounders and biases.*

Conclusion

Clinicians should consider COVID reinfection as one of the
differential diagnoses even if a patient had a history of past
COVID-19 infection. If those who recover from mild COVID-19
have a short-term immunity, reinfections may become more
common in the future and recovered individuals need to take
all the same universal precautions (masking, distancing,
sanitizing hands) recommended to susceptible individuals.
Vaccination strategies will need to take into account the
likelihood of antibody decay and possible susceptibility to
reinfection. Surveillance to detect such reinfections, and
studies aimed at understanding the immunological predictors
of such reinfections would be crucial in preventing them and
avoiding future waves of the pandemic.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
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REFERENCES

1. WHO-Director-General's Opening Remarks at the Media
Briefing on COVID-19. https://www.who.int/dg/speeches/
detail/who-director-general-s-opening-remarks-at-the-
media-briefing-on-covid-19-Date: 11 March 2020.


https://doi.org/10.1016/j.mjafi.2021.02.010
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-Date:
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-Date:
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-Date:
https://doi.org/10.1016/j.mjafi.2021.02.010
https://doi.org/10.1016/j.mjafi.2021.02.010

S262

MEDICAL JOURNAL ARMED FORCES INDIA 77 (2021) S257—-S5263

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Shastri], Parikh S, Agrawal S, et al. Clinical, Serological, whole

genome sequence analyses to confirm SARS-CoV-2
reinfection in patients from Mumbai, India. Front Med
(Lausanne). 2021;631769:8. https://doi.org/10.3389/fmed.2021.
631769.

. Galanti M, Shaman J. Direct observation of repeated

infections with endemic coronaviruses. ] Infect Dis. 2020.
https://doi.org/10.1093/infdis/jiaa392.

. Monto AS, Lim SK. The Tecumseh study of respiratory illness.

VI. Frequency of and relationship between outbreaks of
coronavirus infection. J Infect Dis. 1974;129(3):271—-276.

. Ibarrondo FJ, Fulcher JA, Goodman-Meza D, et al. Rapid decay

of anti-SARS-CoV-2 antibodies in persons with mild covid-19.
N Engl ] Med. 2020;383:1085—1087. https://doi.org/10.1056/
NEJMc2025179.

. Long QX, Tang XJ, Shi QL, et al. Clinical and immunological

assessment of asymptomatic SARS-CoV-2 infections. Nat
Med. 2020:1200—1204. https://doi.org/10.1038/s41591-020-
0965-6.

. Wu LP, Wang NC, Chang YH, et al. Duration of antibody

responses after severe acute respiratory syndrome. Emerg
Infect Dis. 2007;13(10):1562—1564.

. SARS-CoV-2 Infection Induces Robust, Neutralizing Antibody

Responses that Are Stable for at Least Three Months
medRxiv. 2020 (published on 17 July 2020) (Preprint) https://
doi.org/10.1101/2020.07.14.20151126.

. Le Bert N, Tan AT, Kunasegaran K, et al. SARS-CoV-2-specific

T cell immunity in cases of COVID-19 and SARS, and
uninfected controls. Nature. 2020;584(7821):457—462.

JunoJA, Tan H, Lee WS, et al. Humoral and circulating follicular
helper T cell responses inrecovered patients with COVID-19. Nat
Med. 2020. https://doi.org/10.1038/s41591-020-099.

Ibarrondo F, Fulcher ], Goodman-Meza D, et al. Rapid decay of
anti—SARS-CoV-2 antibodies in persons with mild covid-19. N
Engl ] Med. 2020. https://doi.org/10.1056/NEJMc2025179.
Altmann DM, Boyton RJ. SARS-CoV-2 T cell immunity:
specificity, function, durability, and role in protection. Sci
Immunol. 2020;5(49).

Gallais F, Velay A, Wendling M, et al. Intrafamilial exposure to
SARS-CoV-2 induces cellular immune response without
seroconversion. medrxiv. 2020. https://doi.org/10.1101/
2020.06.21.20132449. Available from:.

LiN, Wang X, Lb T. Prolonged SARS-CoV-2 RNA shedding: not
a rare phenomenon. ] Med Viral. 2020. https://doi.org/10.1002/
jmv.25952.

Korea Centres for Disease Control and Prevention. Findings
from Investigation and Analysis of Re-positive Cases. https://
www.cdc.go.kr. Last accessed Sep 9, 2020.

Soren Alexandersen, Anthony Chamings, Tarka Raj Bhatta
SARS-COV-2 Genomic and Subgenomic Rnas in Diagnostic
Samples are not an Indicator of Active Replication. Doi:
https://doi.org/10.1101/2020.06.01.20119750.

Batisse D, Benech N, Botelho-Nevers E, et al. Clinical
recurrences of COVID-19 symptoms after recovery: viral
relapse, reinfection or inflammatory rebound? J Infect.
2020;18:816—846. https://doi.org/10.1016/j.jinf.2020.06.073.
Mlumina.com. 2014 [cited 21 January 2021]. Available from:
https://www.illumina.com/Documents/products/
whitepapers/whitepaper_datacompression.pdf.

wing B, Green P. Clavius.bc.edu; 1998 [cited 21 January 2021].
Available from: http://clavius.bc.edu/~marth/BI820/files/
Ewing-Phred1-GR-1998.pdf.

Hadfield ], Megill C, Bell SM, et al. Genomic epidemiology of novel
coronavirus: global subsampling; Sept 16 2020. https://
nextstrain.org/ncov/global?c=region&l=clock. Accessed
January 20, 2021.

Kawase J, Asakura H, Kurosaki M, et al. Rapid and accurate
diagnosis based on real-time PCR cycle threshold value for

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

the identification of Campylobacter jejuni, astA gene-positive
Escherichia coli, and eae gene-positive E. coli. Jpn ] Infect Dis.
2018;71(1):79—84.

Tom MR, Mina MJ. To interpret the SARS-CoV-2 test, consider
the cycle threshold value. Clin Infect Dis.
2020;71(16):2252—2254. https://doi.org/10.1093/cid/ciaa619.
Hung I K, Ip ], et al. COVID-19 re-infection by a
phylogenetically distinct SARS-coronavirus-2 strain
confirmed by whole genome sequencing. Clin Infect Dis.
2020:ciaal275. https://doi.org/10.1093/cid/ciaal275.

Tillett R, Sevinsky J, Hartley P, et al. Genomic Evidence for a
Case of Reinfection with SARS-CoV-2. SSRN. 2020. https://
doi.org/10.2139/ss1n.3680955 (published on 31 August 2020)
(preprint).

Dey Sushmi. 87k health staff infected with Covid, 573 dead: 74%
cases from six states. Times of India. Mumbai: The Times of
India; 2020 August 29 [Cited October 2,2020] Accessed from
https://timesofindia.indiatimes.com/india/over-87k-health-
workers-infected-with-covid-19-573- dead/articleshow/
77814189.cms.

Elslande JV, Vermeersch P, Vandervoort K. Symptomatic
SARS-CoV-2 Reinfection by a phylogenetically Distinct Strain.
Clin Infect Diseases. 2020:ciaa1330. https://doi.org/10.1093/cid/
ciaal330.

Prado-Vivar B, Becerra-Wong M, Guadalupe J, et al. COVID-19
Re-infection by a Phylogenetically Distinct SARS-CoV-2
Variant, First Confirmed Event in South America. SSRN; 2020.
https://doi.org/10.2139/ss1n.3686174. Available from: https://
ssrn.com/abstract=3686174. 2020.

Larson D, Brodniak S, Voegtly L, et al. A Case of Early
Reinfection with Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2). Clin Infect Diseases. 2020. https://
doi.org/10.1093/cid/ciaal436. Available from:.

Mulder m, van der Vegt D, Munnink B, et al. Altmetric —
Reinfection of SARS-CoV-2 in an Immunocompromised Patient: A
Case Report; 2020. Available from: Altmetric.com. https://
www.altmetric.com/details/92286609.

Goldman J, Wang K, Roltgen K, et al. Reinfection with SARS-
CoV-2 and Failure of Humoral Immunity: A case Report.
medrxiv. 2020. https://doi.org/10.1101/2020.09.22.20192443.
Available from:.

Gupta V, Bhoyar R, Jain A, et al. Asymptomatic Reinfection in
2 Healthcare Workers from India with Genetically Distinct
Severe Acute Respiratory Syndrome Coronavirus 2. Clin
infectious disease. 2020. https://doi.org/10.1093/cid/ciaal451.
Available from:.

Malavige GN, Fernando S, Fernando DJ, et al. Dengue viral
infections Postgraduate. Med J. 2004;80:588—601.

Haley E. Randolph; Luis B. Barreiro, Herd Immunity:
Understanding COVID-19. http://doi.org/10.1016/j.immuni.
2020.04.012.

India Coronavirus: 'More than Half of Mumbai Slum-Dwellers
Had Covid-19 https://www.bbc.com/news/world-asia-india-
53576653 Last accessed July 31st, 2020.

(Newspaper on the Internet). Second Sero Survey Indicates Drop
in Infections in Mumbai Slums. The Hindu; 2020 October 2 [cited
October 20, 2020] Available from: https://www.thehindu.com/
news/cities/mumbai/second-sero-survey-indicates-drop-in-
infections-in-mumbai-slums/article32750436.ece#.

Kofler N, Baylis F. Ten reasons why immunity passports are a
bad idea. Nature. 2020;581(7809):379—381.

Bongiovanni Marco. COVID-19 re-infection in a healthcare
worker. ] Virol. 2020. https://doi.org/10.1002/jmv.26565.
Duggan Nicole M, Ludy SM, Shannon BC, Reisner AT,

Wilcox SR. Is novel coronavirus 2019 reinfection possible?
Interpreting dynamic SARS-CoV-2 test results through a case
report. Am J Emerg Med. 2021;39:256.e1—256.€3. https://doi.org/
10.1016/j.ajem.2020.06.079.


https://doi.org/10.3389/fmed.2021.631769
https://doi.org/10.3389/fmed.2021.631769
https://doi.org/10.1093/infdis/jiaa392
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref4
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref4
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref4
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref4
https://doi.org/10.1056/NEJMc2025179
https://doi.org/10.1056/NEJMc2025179
https://doi.org/10.1038/s41591-020-0965-6
https://doi.org/10.1038/s41591-020-0965-6
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref7
https://doi.org/10.1101/2020.07.14.20151126
https://doi.org/10.1101/2020.07.14.20151126
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref9
https://doi.org/10.1038/s41591-020-099
https://doi.org/10.1056/NEJMc2025179
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref12
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref12
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref12
https://doi.org/10.1101/2020.06.21.20132449
https://doi.org/10.1101/2020.06.21.20132449
https://doi.org/10.1002/jmv.25952
https://doi.org/10.1002/jmv.25952
https://www.cdc.go.kr
https://www.cdc.go.kr
https://doi.org/10.1101/2020.06.01.20119750
https://doi.org/10.1016/j.jinf.2020.06.073
https://www.illumina.com/Documents/products/whitepapers/whitepaper_datacompression.pdf
https://www.illumina.com/Documents/products/whitepapers/whitepaper_datacompression.pdf
http://clavius.bc.edu/%7Emarth/BI820/files/Ewing-Phred1-GR-1998.pdf
http://clavius.bc.edu/%7Emarth/BI820/files/Ewing-Phred1-GR-1998.pdf
https://nextstrain.org/ncov/global?c=region&amp;l=clock
https://nextstrain.org/ncov/global?c=region&amp;l=clock
https://nextstrain.org/ncov/global?c=region&amp;l=clock
https://nextstrain.org/ncov/global?c=region&amp;l=clock
https://nextstrain.org/ncov/global?c=region&amp;l=clock
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref21
https://doi.org/10.1093/cid/ciaa619
https://doi.org/10.1093/cid/ciaa1275
https://doi.org/10.2139/ssrn.3680955
https://doi.org/10.2139/ssrn.3680955
https://timesofindia.indiatimes.com/india/over-87k-health-workers-infected-with-covid-19-573-%20dead/articleshow/77814189.cms
https://timesofindia.indiatimes.com/india/over-87k-health-workers-infected-with-covid-19-573-%20dead/articleshow/77814189.cms
https://timesofindia.indiatimes.com/india/over-87k-health-workers-infected-with-covid-19-573-%20dead/articleshow/77814189.cms
https://doi.org/10.1093/cid/ciaa1330
https://doi.org/10.1093/cid/ciaa1330
https://doi.org/10.2139/ssrn.3686174
https://ssrn.com/abstract=3686174.%202020
https://ssrn.com/abstract=3686174.%202020
https://ssrn.com/abstract=3686174.%202020
https://doi.org/10.1093/cid/ciaa1436
https://doi.org/10.1093/cid/ciaa1436
http://Altmetric.com
https://www.altmetric.com/details/92286609
https://www.altmetric.com/details/92286609
https://doi.org/10.1101/2020.09.22.20192443
https://doi.org/10.1093/cid/ciaa1451
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref32
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref32
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref32
http://doi.org/10.1016/j.immuni.2020.04.012
http://doi.org/10.1016/j.immuni.2020.04.012
https://www.bbc.com/news/world-asia-india-53576653
https://www.bbc.com/news/world-asia-india-53576653
https://www.thehindu.com/news/cities/mumbai/second-sero-survey-indicates-drop-in-infections-in-mumbai-slums/article32750436.ece#
https://www.thehindu.com/news/cities/mumbai/second-sero-survey-indicates-drop-in-infections-in-mumbai-slums/article32750436.ece#
https://www.thehindu.com/news/cities/mumbai/second-sero-survey-indicates-drop-in-infections-in-mumbai-slums/article32750436.ece#
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref36
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref36
http://refhub.elsevier.com/S0377-1237(21)00059-9/sref36
https://doi.org/10.1002/jmv.26565
https://doi.org/10.1016/j.ajem.2020.06.079
https://doi.org/10.1016/j.ajem.2020.06.079
https://doi.org/10.1016/j.mjafi.2021.02.010
https://doi.org/10.1016/j.mjafi.2021.02.010

MEDICAL JOURNAL ARMED FORCES INDIA 77 (2021) S257—-S5263 S263

39. Lafaie L, Célarier T, Goethals L, et al. Recurrence or relapse of

40.

41.

COVID-19 in older patients: a description of three cases
[published online ahead of print, 2020 jul 7] ] Am Geriatr Soc.
2020. https://doi.org/10.1111/jgs.16728.

Luo Anming. Positive SARS-Cov-2 test in a woman with
COVID-19 at 22 days after hospital discharge: a case report. Jo
trad Chinese Med Sci. 2020. https://doi.org/10.1016/
j.jtcms.2020.04.001.

Nachmias V, Fusman R, Mann S, Koren G. The first case of
documented Covid-19 reinfection in Israel. IDCases. 2020;22,
€00970. https://doi.org/10.1016/j.idcr.2020.e00970.

42.

43.

44.

Bonifacio LP, Pereira AP, Aratjo D, et al. Are SARS-CoV-2
reinfection and Covid-19 recurrence possible? a case report
from Brazil. Rev Soc Bras Med Trop. 2020;53, €20200619. https://
doi.org/10.1590/0037-8682-0619-2020. Epub September 18.
Fernandes C, Takeda V. The American Journal of Tropical
Medicine and Hygiene; 2020. Available at: Ajtmh.org.
Accessed November 16, 2020. http://www.ajtmh.org/?
page=3%3e%20.

AlFehaidi Alanoud, Ahmed Syed Ali, Hamed Ehab. A case of
SARSCoV-2 re-infection. J Infect. 2020. https://doi.org/10.1016/
j.jinf.2020.10.019.


https://doi.org/10.1111/jgs.16728
https://doi.org/10.1016/j.jtcms.2020.04.001
https://doi.org/10.1016/j.jtcms.2020.04.001
https://doi.org/10.1016/j.idcr.2020.e00970
https://doi.org/10.1590/0037-8682-0619-2020
https://doi.org/10.1590/0037-8682-0619-2020
http://Ajtmh.org
http://www.ajtmh.org/?page=3%3e%20
http://www.ajtmh.org/?page=3%3e%20
https://doi.org/10.1016/j.jinf.2020.10.019
https://doi.org/10.1016/j.jinf.2020.10.019
https://doi.org/10.1016/j.mjafi.2021.02.010
https://doi.org/10.1016/j.mjafi.2021.02.010

	Reinfection in COVID-19: A scoping review
	Introduction
	Methods
	Results

	COVID-19 and immunity
	How do we confirm a reinfection?
	Implications of a reinfection
	Limitations

	Conclusion
	Disclosure of conflicting interest
	Appendix A. Supplementary data
	References


