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Introduction

By the beginning of November 2020, almost 50 million cases of
coronavirus disease 2019 (COVID-19) had been reported world-
wide, with over 35 million people defined as recovering from the
disease [1]. According to the Centers for Disease Control and
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Prevention (CDC), updated on 10 September 2020, there were no
confirmed reports to date of a person being reinfected with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) within
3 months of the initial infection [2]. In the absence of solid human
data, Rhesus monkeys were challenged 28 days after first SARS-
CoV-2 infection with same virus strain and did not establish rein-
fection [3]. However, on 21 September 2020 the European CDC is-
sued a report addressing SARS-CoV-2 reinfection, citing several
case studies and calling for a case definition [4].

Defining reinfection, relapsed infection and recurrence of posi-
tive (re-positive) nucleic acid detection might have clinical and
epidemiological implications for treatment and infection control
measures, respectively. In this commentary, we aimed to provide
such definitions, including a microbiologically confirmed definition
of reinfection, as well as clinical and epidemiological ones.

Reinfections are observed with many respiratory viruses,
including human coronaviruses. Reinfections with respiratory vi-
ruses may be due to weak or waning initial immune response (e.g.
respiratory syncytial virus), reinfection with another genotype/
species (e.g. rhinoviruses) or the high variability of the viruses (e.g.
influenza virus). Following the SARS-CoV-1 and Middle East res-
piratory syndrome coronavirus (MERS-CoV) epidemics, specific
antibodies were detected in survivors up to 24 and 34 months,
respectively. The negligible risk of a second exposure to these vi-
ruses has not allowed for a clinical determination as to the im-
munity against reinfection [5,6]. For endemic coronaviruses,
immunity was shown to be temporary, lasting from several months
to a few years, and reinfection has been reported after experimental
and natural infection [7]. It is assumed that the immune response
following a natural viral infection is incomplete and reinfections are
ublished by Elsevier Ltd. All rights reserved.
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possible [8]. Currently tested COVID-19 vaccine platforms such as
RNA and viral vector vaccines are designed to elicit antibody and T-
cell responses, whereas subunit vaccines are more restricted to
antibody responses, precluding the effect of active effector T cells
and memory T cells. However, it is one of the subunit vaccine
candidates that shows so far the highest neutralizing antibody ti-
tres and it is still unclear if a future COVID-19 vaccine will provide
sustained and sterilizing immunity.

SARS-CoV-2 PCR re-positivity and COVID-19 relapse within
90 days after symptom onset

Several publications have described cases of re-positive SARS-
CoV-2 PCR following negative tests and clinical convalescence, or
recurrent symptoms, compatible with COVID-19, along with a pos-
itive RT-PCR, in recovering patients. These cases were described in a
time frame of up to 90 days from acute illness, and may represent
persistent/fluctuant viral shedding with persistent or recurring
clinical illness, rather than true reinfection. Other viral infections or
bacterial/fungal superinfections may also explain a coinciding
symptomatic episode in the presence of remnant SARS-CoV-2 RNA
in some of these occurrences [9]. In addition, weakly re-positive PCR
(cycle threshold (Ct) values > 35) results probably do not reflect true
active infection, but rather non-replicating virus [10].

The clinical course of illness among hospitalized COVID-19
patients might be prolonged in patients with severe and critical
disease. The median hospitalization duration in a large series from
China was reportedly 22 days among survivors, with viral shed-
ding for a median of 20 days and as long as 37 days [11]. In other
reports, viral shedding from upper respiratory specimens has
been detected up to 12 weeks. According to CDC, positive PCR
during a 90-day time frame probably represents prolonged
shedding rather than reinfection. However, replication-competent
virus has only rarely been detected up to 10e20 days, and even
then mostly in cases of severe COVID-19, although even longer
times have been reported for patients in an immunocompromised
state [2].

In addition to prolonged shedding, re-positive PCR tests have
been described in 14% of discharged patients [12]. An investigation
of 285 re-positive cases by the Korean CDC demonstrated
neutralizing antibodies in all patients, negative cultures in all 108
tested and Ct values > 30 in 68 (89.5%) of 76 tests [13]. Careful
analysis of viral load is essential to interpret all these studies and to
enable comparison between results, they should be expressed in
standardized copy numbers not Ct values.

COVID-19 reinfection

In August 2020, To et al. described an asymptomatic patient
fromHong Kongwith a positive SARS-CoV-2 PCR test from a sample
collected 142 days after a first symptomatic COVID-19 episode. The
second samplewas collected at airport screening following travel to
Europe. Whole-genome sequencing showed a virus from a different
clade/lineage. Seroconversion of SARS-CoV-2 IgG occurred only
during the second episode. This case was summarized by the au-
thors as reinfection of SARS-CoV-2 [14]. Two other cases of possible
reinfection were reported from the USA. In these cases, a second
more severe illness presented ~2 months following a first
confirmed COVID-19 episode in patients with subsequent house-
hold exposure. Genome sequencing identified several potential
variations between the viruses in the separate episodes, and the
cases were concluded to be reinfections [15,16].

Both humoral and cell-mediated immunity are necessary to
elicit protective immunity against SARS-CoV-2 reinfection.
Whether most infected persons mount sufficient and sustained
immune memory responses, such as neutralizing antibodies and
memory T cells, remains unknown. Long-term studies evaluating
persistence of SARS-CoV and MERS-CoV-specific IgG antibody re-
sponses more than 1 year after infection found that antibody titres
were waning over time. However, the presence of antibodies does
not necessarily equal protective immunity, especially if the
neutralizing activity of the antibodies is not known or is known to
be low or absent [17]. Specifically for SARS-CoV-2, some earlier
studies reported rapid waning of antibody responses, attenuated
after 90 days. However, a recent longer follow-up study showed
that antibody titres remain stable over 4 months [18].

Several different clades and subclades of SARS-CoV-2 have been
described, with prevalence varying depending on the geographical
location. Thousands of distinct variants of the virus, consisting of
various mutations, were reported, including over 400 variants in
the spike protein. It is possible that immune pressure will select for
novel strains that are able to evade immune responses to a previous
infection [19].

It is not clear whether reinfection might be a more severe or
milder event. A more severe event may occur as the result of
antibody-dependent enhancement, or it may depend upon the
virulence of the strain and its inoculum[15,16]. Observations ofmore
severe cases may also reflect a selection bias towards testing symp-
tomatic cases [20].On theotherhand, evenanon-sterilizing immune
response could be protective against severe disease. A milder event
of reinfectionwas described by To et al., explained by priming of the
adaptive immune response during the first episode [14].

We cannot expect to be able to invest the same efforts to prove
reinfections in three scenarios: a definite proof that the phenom-
enon exists; proof in patients, in a clinical situation; and proof for
epidemiological purposes. For each of these purposes, we might
need another definition.

The European CDC has proposed a flow chart for assessing
reinfection in previously confirmed COVID-19 cases [4]; however,
the assessment includes unavailable tests, such as whole-genome
sequencing and phylogenetic analysis. For practical reasons, we
propose here a laboratory definition for proven SARS-CoV-2 rein-
fection, and separately, we propose clinical and epidemiological
definitions (see Table 1 for summary):

SARS-CoV-2 reinfection

Confirmed diagnosis of reinfection

A confirmed diagnosis of reinfection will require:
(a) Confirmation of a true first episodeddescription of the viral

load of the first episode is necessary (Ct values > 35 might imply
possible contamination rather than true infection). Re-testing of
the original specimen is indicated whenever possible.

(b) Proof of a reinfection with two positive SARS-CoV-2 RT-PCR
tests with Ct < 35 (or proof of replicating virus by cell culture or
detection of subgenomic RNA) at different time-points.

Plus:
(c) Confirmation of infection with two different phylogenetic

strains by high-throughput sequencing, corresponding to local
epidemiology (proof of two distinct virus variants with any
sequence variation between the two episodes).

Plus:
At least one, and ideally two, negative RT-PCR tests, on two

different specimens collected between the first and second epi-
sodes, should be documented.

For clinical practice: reinfection may be defined as clinical
recurrence of symptoms compatible with COVID-19, accompanied
by positive PCR test (Ct < 35), more than 90 days after the onset of
the primary infection, supported by close-contact exposure or



Table 1
Coronavirus disease 2019 reinfection, relapse and PCR re-positivity definitions

Variable Confirmed
reinfection

Clinical reinfection Epidemiological
reinfection

Relapse/
reactivation

Repositivity

Clinical symptoms Characteristic
clinical symptomsa

Characteristic
clinical symptomsa

Asymptomatic/
symptomatic

Characteristic
clinical symptomsa

Asymptomatic

PCR Positive Positive Positive Positive Positive
Viral culture

(should one be
performed)

Positive Positive Positive Positive Negative

Time frame from
original infection

>90 daysb <90 days <90 days

Isolation measures Recommended Recommended Recommended Should be
considered

Not recommended

Additional findings Viral RNA
sequencing from
both episodes show
different strains

Epidemiological
risk factor (known
exposure or
outbreak setting),
no other cause

Epidemiological
risk factor (known
exposure or
outbreak setting)

No new exposure,
area of low
community spread

d

a Clinical manifestations characteristic of coronavirus disease 2019 (COVID-19).
b Could be considered in the event of under 90 days if recovery proven by two consecutive negative PCR tests and current known COVID-19 exposure.
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outbreak settings, and no evidence of another cause of infection. In
the presence of epidemiological risk factors (i.e. significant expo-
sure), reinfection should be considered during the first 90 days, if
clinical symptoms of the first episode resolved and two PCR tests
were negative before the new episode. Viral culture, if collected, is
expected to be positive.

Serology does not play a factor in the reinfection definition and
could be either positive or negative after the first infection. A
negative serology indicates either the absence of potent detectable
immune response or antibody waning. Positive serology indicates
that neutralizing antibody titres were not sufficient to eliminate the
viral inoculum or that the infecting virus is substantially different to
the first infection and is not recognized by the antibodies.

For epidemiological purposes: reinfection could be defined as any
positive RT-PCR test (Ct values < 35) more than 90 days from first
episode, regardless of symptoms. Since confirmation by genotypic
assays is time and resource consuming, any case of suspected
reinfection should be considered for isolation. Regarding RT-PCR
re-positivity within 90 days, further studies performing genotypic
assays of first- and second-episode specimens are needed to define
reinfection during this period.

COVID-19 relapse
COVID-19 relapse (also described in the literature as ‘recrudes-

cence’ or ‘recurrence’ or ‘reactivation’)dclinical recurrence of
symptoms compatible with COVID-19daccompanied by positive/
persisting RT-PCR within 90 days of primary infection, and sup-
ported by the absence of epidemiological exposure or another
cause of the illness. Viral culture may be positive. Demonstration of
same strain by whole-genome sequencing could definitively
differentiate this entity from reinfection (confirmed relapse).
Hence, further research is needed to decide whether these cases
should be considered for isolation. An inflammatory syndrome, as a
result of inappropriate immune response, has been suggested as an
alternative explanation by Gousseff et al. [9]. However, as the au-
thors concluded, positive PCR for all patients and positive viral
cultures for some, support viral disease.

SARS-CoV-2 RT-PCR re-positivity
SARS-CoV-2 RT-PCR re-positivity describes positive RT-PCR

following negative tests in an asymptomatic patient up to 90 days
from the first episode. These cases probably do not represent
replicative virus and do not necessitate isolation. Low viral load is
usually a feature of re-positivity.
The next few months will probably reveal the extent of re-
infections. Fortunately, to date, it seems that reinfection is a rare
event. Further research is needed to provide more accurate defi-
nitions in terms of time frames, genetic changes definitions and
serological status. In addition, infection control measures should be
considered for cases of reinfection and relapse.

Transparency declaration

The authors have no conflicts of interest to report. No external
funding was received.

Author contributions

All authors contributed to the writing the manuscript and
reviewed the final version.

References

[1] Worldometer Coronavirus. Coronavirus update (live). 2020. https://www.
worldometers.info/coronavirus/.

[2] CDC. Duration of isolation and precautions for adults with COVID-19. 2020.
https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html.

[3] Bao L, Deng W, Gao H, Xiao C, Liu J, Xue J, et al. Lack of reinfection in Rhesus
macaques infected with SARS-CoV-2. BioRxiv 2020 2020. https://doi.org/
10.1101/2020.03.13.990226. 03.13.990226.

[4] European Centre for Disease Prevention and Control E. Reinfection with SARS-
CoV-2: considerations for public health response 2020. https://www.ecdc.
europa.eu/sites/default/files/documents/Re-infection-and-viral-shedding-
threat-assessment-brief.pdf

[5] Mo H, Zeng G, Ren X, Li H, Ke C, Tan Y, et al. Longitudinal profile of antibodies
against SARS-coronavirus in SARS patients and their clinical significance.
Respirology 2006;11:49e53.

[6] Payne DC, Iblan I, Rha B, Alqasrawi S, Haddadin A, Al Nsour M, et al. Persis-
tence of antibodies against Middle East respiratory syndrome coronavirus.
Emerg Infect Dis 2016;22:1824e6.

[7] Edridge AWD, Kaczorowska J, Hoste ACR, Bakker M, Klein M, Loens K, et al.
Seasonal coronavirus protective immunity is short-lasting. Nat Med 2020.
https://doi.org/10.1038/s41591-020-1083-1.

[8] Goldman JD, Wang K, Roltgen K, Nielsen SCA, Roach JC, Naccache SN, 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.

[9] Gousseff M, Penot P, Gallay L, Batisse D, Benech N, Bouiller K, et al. Clinical
recurrences of COVID-19 symptoms after recovery: viral relapse, reinfection or
inflammatory rebound? J Infect 2020. https://doi.org/10.1016/j.jinf.2020.06.073.

[10] Singanayagam A, Patel M, Charlett A, Lopez Bernal J, Saliba V, Ellis J, et al.
Duration of infectiousness and correlation with RT-PCR cycle threshold values
in cases of COVID-19, England, January to May 2020. Euro Surveill 2020;25.
https://doi.org/10.2807/1560-7917.ES.2020.25.32. 2001483.

[11] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet 2020;395:1054e62.

https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
https://doi.org/10.1101/2020.03.13.990226
https://doi.org/10.1101/2020.03.13.990226
https://www.ecdc.europa.eu/sites/default/files/documents/Re-infection-and-viral-shedding-threat-assessment-brief.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Re-infection-and-viral-shedding-threat-assessment-brief.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Re-infection-and-viral-shedding-threat-assessment-brief.pdf
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref5
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref5
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref5
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref5
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref6
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref6
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref6
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref6
https://doi.org/10.1038/s41591-020-1083-1
https://doi.org/10.1101/2020.09.22.20192443
https://doi.org/10.1016/j.jinf.2020.06.073
https://doi.org/10.2807/1560-7917.ES.2020.25.32
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref11
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref11
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref11
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref11


D. Yahav et al. / Clinical Microbiology and Infection 27 (2021) 315e318318
[12] Lu J, Peng J, Xiong Q, Liu Z, Lin H, Tan X, et al. Clinical, immunological and
virological characterization of COVID-19 patients that test re-positive for
SARS-CoV-2 by RT-PCR. EBioMedicine 2020;59. https://doi.org/10.1016/
j.ebiom.2020.102960.

[13] Korean CDC. Findings from investigation and analysis of re-positive cases.
2020. http://www.kdca.go.kr/board/board.es?mid¼a30402000000&bid¼00
30&act¼view&list_no¼367267&nPage¼24.

[14] To KK-W, Hung IF-N, Ip JD, Chu AW-H, ChanW-M, Tam AR, et al. COVID-19 re-
infection by a phylogenetically distinct SARS-coronavirus-2 strain confirmed
by whole genome sequencing. Clin Infect Dis 2020. https://doi.org/10.1093/
cid/ciaa1275.

[15] Larson D, Brodniak SL, Voegtly LJ, Cer RZ, Glang LA, Malagon FJ, et al. A case of
early re-infection with SARS-CoV-2. Clin Infect Dis 2020:ciaa1436. https://
doi.org/10.1093/cid/ciaa1436. Epub ahead of print.
[16] Tillett RL, Sevinsky JR, Hartley PD, Kerwin H, Crawford N, Gorzalski A, et al.
Genomic evidence for reinfection with SARS-CoV-2: a case study. Lancet
Infect Dis 2020. https://doi.org/10.1016/S1473-3099(20)30764-7. 0.

[17] Huang AT, Garcia-Carreras B, Hitchings MDT, Yang B, Katzelnick LC,
Rattigan SM, et al. A systematic review of antibody mediated immunity to
coronaviruses: antibody kinetics, correlates of protection, and association of
antibody responses with severity of disease. MedRxiv 2020. https://doi.org/
10.1101/2020.04.14.20065771.

[18] Alter G, Seder R. The power of antibody-based surveillance. N Engl J Med
2020. https://doi.org/10.1056/NEJMe2028079.

[19] Koyama T, Platt D, Parida L. Variant analysis of SARS-CoV-2 genomes. Bull
WHO 2020;98:495e504.

[20] Iwasaki A. What reinfections mean for COVID-19. Lancet Infect Dis 2020.
https://doi.org/10.1016/S1473-3099(20)30783-0. 0.

https://doi.org/10.1016/j.ebiom.2020.102960
https://doi.org/10.1016/j.ebiom.2020.102960
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
http://www.kdca.go.kr/board/board.es?mid=a30402000000&amp;bid=0030&amp;act=view&amp;list_no=367267&amp;nPage=24
https://doi.org/10.1093/cid/ciaa1275
https://doi.org/10.1093/cid/ciaa1275
https://doi.org/10.1093/cid/ciaa1436
https://doi.org/10.1093/cid/ciaa1436
https://doi.org/10.1016/S1473-3099(20)30764-7
https://doi.org/10.1101/2020.04.14.20065771
https://doi.org/10.1101/2020.04.14.20065771
https://doi.org/10.1056/NEJMe2028079
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref19
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref19
http://refhub.elsevier.com/S1198-743X(20)30724-2/sref19
https://doi.org/10.1016/S1473-3099(20)30783-0

