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Abstract: Reinfection cases have been reported in some countries with clinical symptoms ranging
from mild to severe. In addition to clinical diagnosis, virus genome sequence from the first and
second infection has to be confirmed to either belong to separate clades or had significant mutations
for the confirmation of SARS-CoV-2 reinfection. While phylogenetic analysis with paired specimens
offers the strongest evidence for reinfection, there remains concerns on the definition of SARS-CoV-2
reinfection, for reasons including accessibility to paired-samples and technical challenges in phy-
logenetic analysis. In light of the emergence of new SARS-CoV-2 variants that are associated with
increased transmissibility and immune-escape further understanding of COVID-19 protective immu-
nity, real-time surveillance directed at identifying COVID-19 transmission patterns, transmissibility
of emerging variants and clinical implications of reinfection would be important in addressing the
challenges in definition of COVID-19 reinfection and understanding the true disease burden.
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1. Introduction

Reinfection cases have been reported in Hong Kong [1], Belgium [2], the Nether-
lands [3], Ecuador [4], US [5–8], India [9,10], Qatar [11], France [12,13], Brazil [14], Italy [15],
the UK [16,17] and Saudi Arabia [18] with clinical symptoms ranging from mild to severe.
In most cases, SARS-CoV-2 reinfection was confirmed by the determination of the pres-
ence of virus genome, and sequencing, in which virus genome from the first and second
infection is confirmed to either belong to separate clades or had significant mutations. In
this context, phylogenetic analysis with paired specimens offers the strongest evidence for
reinfection. While the US CDC recommends a period of at least 45 days between infection
to be considered as a case of reinfection, the possibility of reinfection beyond 28-days
after first infection has also been reported previously [19] and in some cases, reinfection
was confirmed with genome sequencing at an interval period ranging from 19 days [9] to
142 days [1].

In this context, clinical and epidemiological factors should be considered during
reinfection diagnosis. At present, nucleic acid amplification test (NAAT) that uses tech-
niques including real-time reverse transcriptase-polymerase chain (RT-PCR) targeting viral
genome is considered the gold-standard in SARS-CoV-2 laboratory diagnosis (Table 1).
Other laboratory tests include antigen testing and virus-specific antibody tests. However,
virus characterization will require advanced laboratory techniques including genomic se-
quencing to determine viral pathogenicity and transmission dynamics, and viral isolation,
which requires BSL-3 facilities and trained personnel. While the reinfection clinical diagno-
sis workflow is similar to that of the first infection, laboratory confirmation for reinfection
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would require the differentiation of viral sequences between the first and second infection.
In this context, sequence information of paired specimens during the first and second
infection, clinical data and confirmation of interval period between the two episodes would
be required.

Table 1. Strength of evidence as laboratory diagnosis criteria for reinfection and limitations.

Laboratory Method Strength of Evidence Turnaround Time Period of Detection
(Days) Resources Needed Limitations

1. Virus isolation High * 3–7 days Up to 2 weeks Requires BSL-3 facility
Trained personnel,

BSL-3 facility, Trained
personnel, BSL-3 facility

2. Genetic evidence
(sequence divergence) High 3–24 h Up to 3 weeks Sequencing equipment

Requires 2-point
sampling of first and

second episode,
detection only during
virus shedding period

3. Antibody IgM/IgG
test (ELISA) Supportive

2–3 h Beyond 5 days Equipment for ELISA
Supportive evidence

(non-conclusive)Rapid test IgG/IgM 30 min Beyond 5 days Point-of-care

4. Avidity test Supportive Few hours Beyond 5 days Equipment for ELISA Supportive evidence
(non-conclusive)

5. Neutralization
test(More than four-fold

increase)
Supportive 3–10 days Beyond 5 days Requires BSL-3 facility

(live virus)

Trained personnel,
BSL-3 facility, limited

access

* In combination with genetic evidence. Strength of evidence for genetic divergence as a criterion is dependent on differing clades (best
evidence), >2 nucleotide difference (moderate) and ≤2 nucleotide difference (poor but possible)2.

2. Laboratory Diagnosis for Reinfection
2.1. Genome Sequencing

Currently, the most widely accepted evidence in confirming reinfection is the detection
genome sequence differences between two episodes of the first and second infection.
In reference to the CDC’s interim guidelines for reinfection [20], strength of genomic
evidence was divided into three levels: (1) best evidence with the detection of different
clades; (2) moderate evidence is more than 2 different nucleotides per month; (3) poor
evidence is defined as 2 or less different nucleotides per month, or more than 2 different
nucleotide differences without definitive evidence (Supplementary Figure S1) In addition
to all the three levels of evidence, clinical evidence of infection (e.g., high viral titers in each
sample) would offer stronger evidence for disease confirmation (Table 1). While sequence
information is considered as the strongest laboratory evidence for a reinfection diagnosis
(Table 2), sequence data has been proven inconclusive in diagnosing reinfection due to
homogeneity of viral sequences. This is further complicated by prolonged outbreak of
homologous clade and, possibility of reinfection with virus of the same clade. In addition, it
has been hypothesized that SARS-CoV-2 strains may be selected in the presence of binding
antibodies [21]. This in turn, has been associated with emergence of viral variants with
reduced susceptibility to neutralizing antibodies. In this context, there has been concerns
on the possibility of “immune escape” during prolonged viral replication, particularly
in immunocompromised individuals. While there have been newly emerged variants
of concerns (VOC) and variant of interest (VOI), there remains a need to determine the
neutralization capacity against these variants during secondary exposure.

In addition, heterogeneity in lab protocols and practices for identification of variants
can lead to differential interpretation of phylogeny analyses and thus, there is a need for
standardized procedures in analyzing sequences [22]. In a national study conducted in
Qatar [11], of the 133,266 laboratory-confirmed SARS-CoV-2, only 23 cases were used for
viral genome sequencing and classified as “good” (PCR Ct ≥ 30 for the reinfection swab)
or “strong” (PCR Ct ≤ 30 for the reinfection swab) evidence for reinfection, in which the
interval periods between 1st and 2nd infection were more than 45 days. However, only
6 cases were confirmed as reinfection: 4 cases were conclusive for reinfection and, 2 cases
were conclusive, but there was an absence of clear genomic differences. The remaining
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samples were inconclusive due to the insufficient quality of the genome sequencing and the
high homogeneity between viral sequences during the first and second episodes (Table 1).

In addition, during a state of emergency or inadequate settings, sampling may be
incomplete, and infectious samples may not be stored for secondary laboratory diagnosis,
for reasons including biosafety concerns and sample storage. In this context, RNA isolated
from samples should be optimally stored at ultra-low temperatures or transformed into
cDNA to avoid degradation. In consideration of the current COVID-19 pandemic and
there is a need to increase testing capacity and collection of sequential samples from two
consecutive infections (Table 2).

Table 2. Reinfection cases confirmed by genome sequencing.

Period between
First and Second
Diagnosis (Days)

Age (Sex) Health Status

Severity of Second
Symptom

Compared with the
First

Vaccination History
(Prior to Second

Infection)
Genomic Analysis Country

19 27 (M) Immunocompetent N/A None *** 9 single mutations India [9]

28 58 (M) Immunocompetent N/A N/A Different linages Italy [15]

31 56 (M) Immunocompetent Mild N/A Different linages Italy [15]

48 25 (M) Immunocompetent Severe None *** 11 single mutations USA [7]

55 24 (F) Immunocompetent N/A None *** 10 single mutations India [9]

59 89 (F)

Waldenström’s
macroglobulinemia,

treated with
B-cell-depleting

therapy
(lymphocyte count

= 0.4 × 109/L)

Severe
(Death) None *** 10 nucleotides

position The Netherland [3]

61 42 (M) Immunocompetent Severe None ***

Several potential
variations,

including one high
confidence variation

USA [5]

63 46 (M) Immunocompetent Severe None ***
Different linage

including 18
mutations

Ecuador [4]

65 31 (M) Immunocompetent N/A None *** 8 single mutations India [9]

65 40–44 (M) Immunocompetent N/A None *** Multiple allele Qatar [11]

66 27 (M) Immunocompetent N/A None *** 7 single mutations India [9]

93 51 *
Daily inhaled

corticosteroids for
asthma

Mild None *** Different clade Belgium [2]

100 75 (M) N/A Mild None *** Different clade France [13]

103 40–44 * Immunocompetent N/A None *** Multiple allele Qatar [11]

105 70 * Immunocompetent N/A None *** 34 nucleotides France [12]

108 25 * Immunocompetent Comparable ** None *** 9 single mutations India [10]

111 28 * Immunocompetent Comparable ** None ***

10 single mutations
including a

mutation within the
receptor binding

domain sites

India [10]

118 70 (M) N/A Mild None *** Different clade France [13]

124 27 (F) N/A Comparable ** None *** Different clade France [13]

140 60–69 *

A history of severe
emphysema on

home oxygen, and
hypertension

Mild None *** Different clade with
10 single mutations USA [6]

142 33 * Immunocompetent Mild None *** Different
clades/linages Hongkong [1]

147 45 * Immunocompetent Severe None *** Different linages Brazil [14]

152 24 (M) N/A Severe None *** Different clade France [13]

158 26 (F) N/A Mild None *** Different clade France [13]

203 55 (M) N/A Comparable ** None *** Different clade France [13]

210 60 (M) N/A Mild None *** Different clade France [13]
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Table 2. Cont.

Period between
First and Second
Diagnosis (Days)

Age (Sex) Health Status

Severity of Second
Symptom

Compared with the
First

Vaccination History
(prior to Second

Infection)
Genomic Analysis Country

213 53 (F) N/A Comparable ** None *** Different clade France [13]

217 59 (F) N/A Comparable ** None *** Different clade France [13]

231 77 (M) N/A Mild None *** Different clade France [13]

234 57 (F) N/A Comparable ** None *** Different clade France [13]

236 88 (F) N/A Mild None *** Different clade France [13]

239 92 (F) N/A Severe None *** Different clade France [13]

250 78 (M)

A history of type 2
diabetes mellitus,

diabetic
nephropathy on

hemodialysis,
chronic obstructive
pulmonary disease

(COPD), mixed
central and

obstructive sleep
apnea, ischemic

heart disease, with
no history of im-

munosuppression

Severe None *** Different linages UK [16]

308 24 (M) N/A Comparable ** None *** Different clades France [13]

313 63 (M)

chronic obstructive
pulmonary disease

(COPD), type II
diabetes, atrial

fibrillation

Severe

Yes
(Received

Pfizer-BioNtek
vaccination on 13

January 2021)

Different clades
(Clade 20A, Clade

20E)
USA [8]

* Sex or age was not available, ** indicates limited differences in disease presentation between the first and second episode. *** The second
diagnosis was performed prior to December 2020 [23].

2.2. Serological Testing

While serology may offer evidence to prior exposure against coronaviruses, due to
potential non-specific cross-reactivity, serology does not offer conclusive evidence for rein-
fection. Increased virus-antibody binding avidity and a four-fold increase in neutralizing
antibody titers may be used as supportive evidence for secondary viral infection. However,
this does not offer conclusive evidence for reinfection as antibody maturation during the
first few weeks after infection may also lead to increments in antibody titers. Similarly,
antigen detection does not differentiate between variants, hence serological methods to
detect SARS-CoV-2 antibody and antigen may not offer a clear confirmation between first
and second infection. In this context, there would be limited means to determine the
precise immunological development leading to reinfection after the first episode, as there
were limited serological data particularly before the second infection. While commercial
serological immunodiagnostic COVID-19 tests [24] are largely available, a direct and robust
comparison of results between assays will be challenging due to lack of standardization
between assays.

However, in the absence of genomic data, several cases of reinfection have been
reported cases by using serological tests. In Brazil [25], a medical worker at a COVID-19-
intensive care unit, initially exhibited severe symptoms of acute COVID-19 pneumonia after
an initial COVID-19 episode. ELISA showed that anti-SARS-CoV-2 IgG titers increased
after the second onset of COVID-19 like-symptom despite testing negative three times
for anti-SARS-CoV-2 IgG antibodies. Additionally, confirmatory diagnosis between first
and second infection in patients whereby the SARS-CoV-2 IgG antibodies had waned by
days-28 post-onset of the first infection may be confounded [26]. As such, serological
testing does not offer conclusive evidence for reinfection assessment. However, the ease of
use of serological tests offers a better understanding in immune response during COVID-19
reinfection cases, in the event where genome sequencing is not available.
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2.3. Clinical Diagnosis

The definition of COVID-19 reinfection has been complexing because of prolonged
virus shedding and viral relapse which could be interpreted as reinfection. In particular,
virus shedding has been reported in asymptomatic patients, implying that other comple-
mentary tests are required for virus testing. Yang et al. [27] reported one patient with
more than two months of clinical course despite a negative viral RNA of throat swabs, and
Li et al. [28] reported prolonged viral shedding with a median duration of 53 days and
maximum of 83 days in 36 patients. As absence of clinical symptoms does not necessarily
reflect virus clearance, false-negative rate of RT-PCR results is hypothesized to be high [29].
In this context, to simplify clinical diagnosis of reinfection, (1) criteria for confirmation
of reinfection by using interventional periods, in combination with (2) PCR positive at 2
occasions and, (3) investigation on potential SARS-CoV2 exposure. Currently, patients
with interventional period between the first and second infection, of more than 45 days (US
CDC) or 90 days (US CDC and UK cohort) were considered as suspected reinfection cases,
which should be considered along with other factors (e.g., clinical symptoms) (Supplemen-
tary Figure S1). Additionally, frequency of exposure due to size of outbreaks should be
considered as the risk of reinfection is potentially higher in areas with ongoing outbreaks.
In this context, the chances of reinfection are likely higher especially in health care workers
that are at higher risk due to potential occupational-related exposure. While the period of
reinfection has been suggested to be at least 90 days after the first infection, there is a need
for a simple and robust diagnosis standard that is clinically relevant.

3. Clinical Importance

As COVID-19 is a new emerging disease [30], there is limited data on the reinfec-
tion. Of date, the incidence rate of reinfection between June 2020 and January 2021 is
7.6 per 100,000 person-days as prospective cohort in the UK [31] outlined reinfection cases
have two PCR positive samples 90 or more days apart with available genomic data or
an antibody positive participant with a new positive PCR at least four weeks after the
first antibody positive result. Additionally, in the nationally conducted study following
133,266 laboratory-confirmed cases in Qatar [11], the incidence rate of reinfection was es-
timated at 0.36 (95% CI: 0.28–0.47) per 10,000 person-weeks (definition of interventional
period for reinfection is more than 45 days). In the context of common cold viruses, one
study showed that reinfection of respiratory syncytial virus (RSV) in hospital-admitted
infants occurred at a rate of 43% (23 out of 55) in one year [32]. In contrast, another study
demonstrated that out of 15 participants with previous natural RSV infection, 73% had
two and more infections and 47% had three and more infections within a period of regular
exposure to RSV within 26 months. These studies demonstrated reinfection of other com-
mon cold viruses is frequent within a period of one to two years. For seasonal coronavirus,
reinfection frequently occurred after the first infection, between a duration of 12 months
and a smaller number of reinfections were observed with that of six months. Further
studies would be needed to determine the frequency and size of SARS-CoV2 reinfection
in the general population. In a prospective cohort study [29,30], 49.0% (76 out of 155) of
possible reinfection cases was categorized as asymptomatic and, 32.3% (50 out of 155) had
COVID-19 symptoms. In most reinfection cases, symptoms were comparatively mild. Thus,
most reinfection cases were not notable in the context of clinical presentations. As such,
there remains a risk of under-detection of re-infection cases and of masked virus circulation
in asymptomatic patients, with the current evaluation criteria for re-infection.

4. Immunity in Reinfection

Much attention has been drawn to long-term immunity against reinfection, particu-
larly in the risk factors to reinfection and the role of protective immunity in reinfection [33].
Due to the immunological heterogeneity among SARS-CoV-2 patients during the acute
phase [34] and convalescent phase [35], there remains a need to determine a proxy of
protective immunity for SARS-CoV-2 infection. A majority of COVID-19 patients (95%) pos-
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sessed immunological memory with at least three immunological compartments; memory
B cell, CD4+ T cell and CD8+ T cell during the convalescent phase at six to eight months
post-onset that was assessed in 43 samples [34,35]. As such, the possibility of reinfection at
6-months interval period has been hypothesized to be infrequent, especially among the
patients with mild symptoms. It has been hypothesized that previous infection reduced
the odds of a second infection by at least 75% [aOR 0.17 with (95% CI of 0.13 to 0.24)], in
a large multi-center prospective cohort study for reinfection conducted in the UK [31], in
which 44 reinfection cases were detected with interventional period of 90 days or more (2
probable cases with confirmed genome sequencing) among a positive cohort with 6614
participants; 318 new PCR-positives were detected among a negative cohort 14,173 partici-
pants. One study conducted in the USA showed protection against reinfection was 81.8%
(95% confidence interval 76.6 to 85.8) [36]. Another study in Denmark demonstrated that
protection against reinfection was at 80.5% (95% CI 75.4–84.5) for those aged 65 years and
older, and observed protection was 47.1% (95% CI 24.7–62.8) [37].

Even though clinical studies have demonstrated that vaccine efficacy was above 90%
against SARS-CoV2, breakthrough infections have been confirmed [38]. In the context of
re-infection after vaccination, while studies on re-infection post-vaccination have been
limited, a case of reinfection has been reported after the first dose of SARS-CoV-2 vaccine in
the USA (Table 2) [8]. However, as the patient was diagnosed with re-infection soon after
vaccination, it remains unclear as to whether vaccine-induced immunity has been mounted
at the time of re-infection. Further studies will be needed to determine vaccine efficacy
in re-infection, in consideration of the strength, breath and length of time of protective
immunity. In this context, investigations of re-infection in the vaccinated population may
be challenging as vaccine-induced immunity may mask symptoms and/or lower the levels
of virus shedding. Hence, understanding the “true burden” of re-infection in this group
may require extensive investigations and include vaccination history. While COVID-19
vaccination programs have rapidly expanded in recent months, with the emergence of
variants of concern (VOC) that have been suggested to lead to increased risk in vaccination
“breakthroughs”, further investigations are urgently needed to determine the burden of
reinfection in the vaccinated population.

The robustness of immune response after the first episode is associated with lower
risk of reinfection. In this context of host immunity, the rate of reduction of neutraliz-
ing antibody levels in during the convalescent phase is higher in asymptomatic cases
than that of symptomatic cases [34], indicating that a robust immune response is key in
protection against reinfection. In the context of virus polymorphisms, changes in virus
binding affinity may in turn affect transmission, antigenicity, and neutralization. In this
instance, new variants bearing E484K, K417N, N501Y, and L452R mutations have been
emerged and spread across regions. These variants contain mutations that alter the binding
affinity of the spike receptor binding domain (sRBD) to hACE2 [39]. Recent emergence of
SARS-CoV2 variants such as alpha, beta, gamma, and delta has been reported to contain
polymorphisms which are associated with increased transmission and escape from host
immunity. Another variant that possess the N439K mutation in the RBD region has been
associated with widespread outbreaks worldwide, increased affinity and possible evasion
against polyclonal antibody response. Further studies are needed to determine the associa-
tion between polymorphisms and emerging variants and, on how these changes alter the
clinical outcome of a second exposure to SARS-CoV-2.

5. Conclusions

Currently, viral sequence with significant divergence between the first and second
episode offers the strongest laboratory evidence for reinfection. Given that prolonged virus
shedding of up to 2-months after initial infection has been reported and, in consideration
of a possible relapse and virus shedding, significant divergence in viral sequences is
considered as strong evidence to distinguish COVID-19 infection between the two episodes.
However, in frontline clinical settings, a simple and effective criterion is required to rapidly
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diagnose reinfection cases. While secondary to viral genetic evidence, supportive evidence
for reinfection including clinical and epidemiological criteria, together with laboratory
evidence, should be incorporated in the diagnosis algorithm for COVID-19 reinfection. In
this context, some “reinfection” cases have been reported in Japan [40,41] but as there were
limited laboratory data as to whether these were cases of reinfection or viral relapse, the
incidence rate of re-infection could not be determined. Due to the lack of the systematic
available criteria for reinfection, there is an urgent need to clarify the criteria for re-infection.
Further understanding of COVID-19 protective immunity, real-time surveillance directed
at identifying COVID-19 transmission patterns and clinical implications of reinfection
would be important in addressing the challenges in definition of COVID-19 reinfection and
understanding the true disease burden.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/pathogens10101262/s1, Figure S1: Flow chart for assessing SARS-CoV-2 reinfection.
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