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ABSTRACT
The COVID-19 pandemic has spread rapidly in many countries, overburdening health systems and causing numerous economic and social impacts. Most studies on the subject have focused on epidemiology, diagnosis, and
treatment, however, there remains a scientific gap concerning the possibility of reinfection. The purpose of this
bibliographic review is to gather information from studies aimed at this possibility, and to clarify what we know
so far. It was found that in many situations cured patients are being released from hospitals, however, in some
cases, the discharge criteria are not effective. Patients are presenting positive RT-PCR tests. There are several
factors that might interfere so that patients cured of COVID-19 continue to test positive, and this would not necessarily represent a case of recurrence, as the test cannot differentiate the viral RNA from the complete virus,
which alone is capable of causing the active infection. This review demonstrates that in order to rule out the possibility of COVID-19 reinfection in cured patients, more robust methods need to be adopted as criteria for both
clinical discharge and post-hospital follow-up.
Keywords: SARS-CoV-2, COVID-19, pandemic, reinfection, recurrence, recover

INTRODUCTION
SARS-CoV-2, the virus responsible for
COVID-19, has notably spread to different regions of the world. According to the World
Health Organization (WHO), globally,
104,790,123 cases of the disease, and
2,285,048 deaths have been confirmed as of
February 6, 2021 (WHO, 2021) and this number is still increasing rapidly. However, the
epidemiological characteristics of COVID-19
must also be analyzed from dynamic aspects
that consider the prevalence and the rate of
asymptomatic contamination (Peirlinck et al.,
2020). Underreporting can be seen in data

published by the Center for Systems Science
and Engineering at Johns Hopkins University
(JHU), which reported 105,504,268 cases of
the disease and 2,301,630 deaths (Dong et al.,
2020) on February 6, 2021. The data represent
a million more cases of the disease. Declared
as a pandemic by the WHO, COVID-19 has
caused overloading, and in some cases, collapse in the healthcare systems of various
countries; severely impacting the global economy, and compromising normally accepted
behavioral liberties. The signs and symptoms
of COVID-19 are similar to other virus
caused respiratory infections, and less than
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half of patients with confirmed disease initially present fever (Guan et al., 2020).
The majority of the existing studies on
COVID-19 are focused on the epidemiology,
diagnosis, and clinical aspects of patients with
active infections, and little attention is being
directed to post-recovery patient follow-up. In
terms of clinical cure for COVID-19, patients
are considered free of the disease 14 days after their last negative diagnostic test. The
chances of reinfection in the cured population
are still not well established, and this raises
the question among researchers and health
professionals.
In order to predict the chances of reinfection in cured individuals, a compartmentalized mathematical model for endemic
COVID-19 which considers parameters such
as quarantine, observation of procedures, behavioral changes, social isolation, controls,
and eradication of the disease in the most exposed subpopulations was proposed. When
the study was performed, the world presented
approximately 900,000 confirmed cases in
approximately 172 countries; 190,000 individuals had recovered, and 44,000deaths had
occurred. The results of the model indicated
no chances that recovered individuals present
new infection. However, the model predicted
that infection rates would continue to asymptotically increase for an extended period. The
recovery rate, on the other hand, would continue to rise slowly and steadily, occurring
over a long period of time. It is worth mentioning that the hypothesis of zero reinfection
in the cured population has not been clinically
confirmed. Public health data have revealed
certain rare cases of reinfection, however, a
rare type of coronavirus is suspected as the
cause. Another important factor to consider is
the limitation of the variability of the data
available when the research was developed
(Okhuese, 2020). This study demonstrates the
importance of mathematical models to assist
strategic decisions in health care, the adoption
of public policies that track infected/cured patients, and of measures to either restrict or relax social isolation practices.

As infection and recovery rates continue
to rise, the issue of greatest concern to
healthcare professionals at the Centers for
Disease Control and Prevention and the
World Health Organization (WHO) is
whether reinfection occurs in patients cured
from COVID-19.
COVID-19 PATHOGENESIS,
DIAGNOSTICS AND CONTROL
In general, Coronaviruses (CoVs) are human and vertebrate pathogens. They are capable of infecting mammals, birds, insects, rodents, and various wild animal species, affecting not only the respiratory system (often triggering a dangerous acute respiratory syndrome), but also affecting the gastrointestinal,
hepatic, cardiovascular, and central nervous
systems (Rodriguez-Morales et al., 2020). In
late 2019, SARS-CoV-2 was isolated for the
first time in the bronchoalveolar lavage fluid
of three patients in Wuhan, Hubei province,
China. Based on clinical manifestations,
blood tests, and chest X-rays, the disease was
diagnosed by the clinicians studying the case
as a virus-induced pneumonia. Months before
COVID-19 was officially reported, at least
two different strains of SARS-CoV-2 were
found to have occurred (Jin et al., 2020).
Since then, various studies have been performed and from genomic sequencing and
analysis of its evolutionary tree, SARS-CoV2 is a β-CoVs member. The CoVs family is a
class of positive, enveloped, single-stranded
RNA viruses with an extensive range of natural roots. These viruses can cause respiratory,
enteric, hepatic, and neurological diseases.
CoVs are genotypically and serologically divided into four subfamilies: α, β, γ, and δ. And
human CoV infections are caused by α- and
β-CoVs (Jin et al., 2020).
COVID-19 patients themselves are currently the main infection source, with critically ill patients considered more contagious
than mildly affected patients. Infected people
who do not present symptoms, patients in incubation while remaining asymptomatic,
those not presenting respiratory infection, and
those in which the infectious virus has been
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proven to be eliminated are also potential
sources of infection (Jin et al., 2020). In addition, samples taken from patients who have
recovered from COVID-19 show a continuously positive RT-PCR test (Lan et al., 2020).
This has never been seen in such a characteristic way in the history of human infectious
diseases. In other words, infected people and
patients, whether asymptomatic, during incubation, or having recovered from COVID-19
can pose challenges to prevention and control
of the disease, and yield the observed high
rate of contagion.
SARS-CoV-2 is transmitted person to
person, predominantly by respiratory droplets, and potentially fecal-oral contact. Primary viral replication is presumed to occur in
the mucosal epithelium of the upper respiratory tract (nasal cavity and pharynx), with
greater multiplication in the lower respiratory
tract and gastrointestinal mucosa; resulting in
mild viremia. Few infections are controlled
during this time and remain asymptomatic.
Some patients also present non-respiratory
symptoms, such as acute liver and heart damage, kidney failure, and diarrhea multiple organ involvement. This is due to the human angiotensin 2-converting enzyme (ACE2), a
functional type I membrane protein receptor
sequestered by SARS-CoV-2 for cellular entry, similar to SARS-CoV. It is widely expressed in the nasal mucosa, bronchi, lung,
heart, esophagus, kidney, stomach, bladder,
and ileum, and thus all of these human organs
are all vulnerable to SARS-CoV-2 (Jin et al.,
2020).
For COVID-19 diagnosis in clinical practice, chest radiography is an important tool.
Most cases of COVID-19 present similar
characteristics for chest images, including bilateral distribution of irregular shadows and
ground-glass opacity. Patients with SARSCoV-2 infection present acute serological response and relevant detection reagents such as
immuno-chromatography have been quickly
developed. Viral diagnosis is an important
part of our arsenal against COVID-19. After
the initial outbreak, diagnostic tests based on
detection of the viral sequence by RT-PCR or

next-generation sequencing platforms soon
became available. The Cas13-based SHERLOCK platform (specific high-sensitivity enzyme reporter unblocking) has been widely
used to detect Zika virus (ZIKV) and dengue
virus (DENV) in patient samples at concentrations as low as 1 copy per microliter and
may prove effective for determining COVID19 (Jin et al., 2020).
Currently, there is no standardization of
antiviral drugs, and over 200 vaccines are currently in development, with over 60 candidate
vaccines being tested in clinical trials for the
control of SARS-CoV-2. For clinical practice,
symptom based treatment strategies are recommended. Many drugs, such as hydroxychloroquine or chloroquine present in
vitro antiviral effect, in hospital results for
COVID-19, due to their risks of collateral effects and lack of results repeatability, it has
not been possible to confirm their benefits, either when used alone or in combination with
antibiotics (Mellet and Pepper, 2021).
Vaccination probably offers the best option for COVID-19 control. Epitopes, mRNA,
and vaccines based on protein-RBD S structure have been widely proposed and initiated.
But SARS-CoV-2 reactivation will remain a
persistent problem. Considering the many patients, whether currently infected or previously exposed to the virus, SARS-CoV-2 reactivation represents a major public health
concern in terms of global morbidity and possibly increased mortality. We currently have
not found reliable markers to predict the risk
of SARS-CoV-2 reactivation, nor do we possess validated tests to determine whether a
particular drug or therapy might be associated
with SARS-CoV-2 reactivation. This latter
point has been determined by empirical experience (Sun et al., 2020; Ye et al., 2020).
Zhang et al. (2020) demonstrated that
cured patients may continue to be viral carriers for a certain period. It is also speculated
that the virus may remain longer in certain tissues, such as in the digestive tissue as compared to the respiratory tract. Lastly, intermittent virus shedding may well occur in recovered patients.
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RESULTS AND DISCUSSION
In terms of immune response, previous
studies have found that SARS-CoV-2 promotes an overall reduction in T cells (Guo et
al., 2019), and that IL-6 levels and IL-2R expression increase considerably (Chen et al.,
2020). The decrease in the cellular immune
response may be related to incomplete removal of the virus, which favors reinfection.
It has been found that patients who relapse after hospital discharge are generally elderly,
with impaired immune function, and the presence of comorbidities (Zhou et al., 2020).
The principal underlying diseases that interfere with a good COVID-19 prognosis are
diabetes and hypertension (Chen et al., 2020).
These factors contribute to prolonged hospitalizations, and patients in these conditions
are more prone to reinfection (Zhou et al.,
2020).
Despite the improvement of some patients
after treatment, factors such as old age, diminished immune function, structural lung disease, and pulmonary fibrosis promote incomplete blood circulation-perfusion. In these
cases, the partially hidden virus is not completely removed, cells remain infected, but
low levels of nucleic acid do not allow positive diagnostic testing results. Yet the principal aggravating factor is low immunity, where
the virus can recover its infectious capacity
and lead the patient to repeated illnesses
(Zhou et al., 2020).
As of yet, it is difficult to estimate the
SARS-CoV-2 case fatality rate (CFR), since
the virus is quickly spreading. Recently,
America has become the epicenter of the disease, passing Asia and Europe in numbers of
infections and deaths. The CFR continues to
vary widely between regions, reaching a maximum level of 18.98 % in France, in contrast
to other countries like Iceland, which registered a 0.55 % CFR (Figure 1). Worldwide,
the CFR is at 6.06 %, close to the profile of
seasonal influenza, yet also close to the profile of other coronaviruses, such as SARS-

CoV (CFR 10 %) and MERs-CoV (CFR
35 %) (WHO, 2021; Biswas et al., 2020). A
low CFR allows the virus to continue in circulation, and with or without mutation, expanding the viral population. A high CFR implies host deaths in which entire viral populations are thus decimated, reducing both viral
circulation and further potential infections
(Biswas et al., 2020). Figure 1 shows the case
fatality rate of the ongoing COVID-19 pandemic.
Another factor that must be considered is
the mutagenic capacity of the virus. Currently, the sequencing of isolated strains from
different locations confirms a 99.9 % homology, with no evidence proving mutation.
However, as matter of warning, an individual
cured of the original SARS-CoV-2 is not effectively protected against its viral mutations
or new infection (Zhou et al., 2020). With
SARS-CoV-2 infection, the host ends up developing humoral immunity, however, the virus’ mutagenic potential may allow it to adapt
and generate infections in individuals who
have already recovered. The ability of SARSCoV-2 to reinfect already cured individuals is
a crucial criterion for determining whether the
virus remains in circulation. Considering the
possibility that mutant strains are being generated, recovered individuals should be
alerted to cases of reinfection (Biswas et al.,
2020). Yet in normal situations, with the development of specific antibodies against
SARS-CoV-2, immune individuals’ chances
to develop new infections from this agent are
remote (Zhou et al., 2020).
Bao et al. (2020) conducted an in vivo
study to investigate the possibility of reinfection by SARS-CoV-2. Challenge and re-challenge models were used with seven adult rhesus monkeys, six of whom received intrathecal administration of SARS-CoV-2 tissueculture infectious doses (1x106 TCID50). The
challenged animals contracted COVID-19,
and after approximately 2 weeks, they were
cured of the disease. Four of these monkeys
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Figure 1: Case fatality rate of the ongoing COVID-19 pandemic. The CFR is the ratio between confirmed
deaths and confirmed cases. The data used to create this figure were based on the Johns Hopkins
Coronavirus Resource Center (https://coronavirus.jhu.edu), and Our World in Data (https://ourworldindata.org/coronavirus) websites. Accessed on 6th February 2021

were re-challenged by the same route receiving the same dose 28 days after the initial
challenge. The remaining two served as the
negative control of the re-challenged group.
The last monkey, which was healthy, had received the initial challenge, and served as
control. Clinical parameters were assessed at
predetermined infection stages, including
weight, temperature, chest X-ray, hematological analysis, nasal/oral/anal swabs, viral distribution, and pathological changes. Data
from this study indicate that rhesus monkeys
with primary SARS-CoV-2 infections cannot
be reinfected by an identical strain during the
initial stage of recovery. These preliminary
studies are favorable and allow anticipation of
positive results when conducting clinical trials for SARS-CoV-2 reinfection in humans.
In a study conducted with seven RT-PCR
positive patients for COVID-19 after symptom improvement, the patients presented two
negative RT-PCR tests from throat swab samples, which is a criterion for hospital discharge. These patients remained in quarantine
for 14 days, without contact with any suspected or confirmed individual, and in that pe-

riod, it was observed that four patients presented positive RT-PCR from rectal swabs,
two were positive in throat swabs and one was
positive in both. Despite this, they were
asymptomatic, and their chest CT images presented no changes when compared to the last
exam before discharge (Zhang et al., 2020).
Thus, reinfection by SARS-CoV-2 remains a possibility, however, the positive RTPCR results in patients cured of COVID-19
does not necessarily reflect the recurrence of
the virus, since the patients demonstrated
clinical improvement before discharge, remained asymptomatic, and no imaging
changes were observed. The authors indicated
the need to re-evaluate hospital discharge criteria, since tests based on rectal swabs may be
more reliable for guaranteeing clinical decisions; either for continued treatment or to discontinue quarantine (Zhang et al., 2020).
The concern about reinfection of cured
patients who leave isolation is global. An example, 116 patients recovered from COVID19 in South Korea, and were later found to be
positive. The Korean method for identifying a
cured individual is based on two negative results within 24 hours. This emphasizes both
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the need to implement precautions before releasing the patient, and to verify whether individuals recovered from COVID-19 may or
may not be infected again (Alizargar, 2020).
It is worth mentioning that detection of viral RNA does not necessarily mean that the
virus is present, nor that the individual has an
active infection. Viral infectivity depends on
the presence of the complete virus, and not
only its RNA. Even if the genome is sequenced, a positive RT-PCR does not affirm
viral
viability
(Alvarez-Moreno
and
Rodríguez-Morales, 2020; Sah et al., 2020).
Certain factors need consideration: for example, a negative RT-PCR after a positive RTPCR may occur because the viral load is below the detection threshold. Further, a positive RT-PCR after a negative RT-PCR may
mean contamination. “Shedding” may be related to nucleic acid elimination deficiency in
certain tissues (Alvarez-Moreno and
Rodríguez-Morales, 2020; Atkinson and
Petersen, 2020). And finally, as with the Zika
virus, in some situations viral RNA can be detected long after the infection stage (VillamilGómez et al., 2017), this, since RT-PCR is not
able to differentiate between active virus and
RNA (Atkinson and Petersen, 2020).
To grant hospital discharge, a careful
evaluation must include viral load, antibody
response, detailed clinical evaluation, and follow-up. If necessary, it should be complemented with SARS-CoV-2 cell culture isolation (Alvarez-Moreno and RodríguezMorales, 2020), but isolation depends on the
viral load, and samples with less than 106 copies/mL could never be isolated (Wölfel et al.,
2020). Any conclusions regarding cases of
SARS-CoV-2 reinfection should be based on
electron microscopy, genomic sequencing,
and phylogenetic analysis (Alvarez-Moreno
and Rodríguez-Morales, 2020).
Although positivity for SARS-CoV-2 in
RT-PCR is identified in the clinic as an active
infection (or of COVID-19 reinfection), studies indicate that there is a low probability of
already cured individuals suffering recurrence of the disease. The research suggests
that positive RT-PCR test results after cure

occur largely due to the existence of viral
RNA in extra-pulmonary tissues. Extra-pulmonary organs affected by SARS-CoV-2 can
serve as a reservoir for the virus, contributing
to viral spread after cessation of respiratory
symptoms in recovered patients, and yielding
false-positive test results while influencing
the duration of treatment and social isolation.
Patients with intermittent virus shedding may
falsely be identified as reinfected. To verify
clinical cure and discard the possibility of reinfection, more robust criteria need to be
adopted. For Roy (2020), SARS-CoV-2 reinfection is unlikely and failures in the diagnostic process, including errors in sample collection and processing techniques may explain
the controversial results observed. In addition, it is necessary to assess whether the patient has actually recovered from COVID 19
or whether viral reactivation has occurred, especially in individuals undergoing glucocorticoid treatment (Alizargar, 2020; Bonifácio et
al., 2020).
Table 1 presents case reports of SARSCoV-2 reinfection in different countries. In
general, it appears that the RT-qPCR tests are
used to diagnose different moments in the
course of the disease. However, studies that
evaluate genetic mutations in isolated viral
loads are still scarce.
For a better view of the scientific articles
published in the Pubmed database (pubmed.ncbi.nlm.nih.gov) on SARS-CoV-2 reinfection, we present their general characteristics in the Supplementary material. The references for these studies can be visualized in the
Supplementary material.
Scientific evidence on this subject is
scarce, and most of the published studies are
non-clinical. A systematic review, which included 35 clinical and non-clinical studies,
suggests that humoral immunity (if non-persistent) and errors in the diagnosis of the disease should be considered when evaluating
SARS-CoV-2 reinfection (SeyedAlinaghi et
al., 2020).
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Table 1: Case reports around the world of SARS-CoV-2 reinfection as described in the scientific literature
Sex

Age
(years)

Country

Comorbidities

Drug treatment

The time between the
1st and 2nd diagnosis

Performing a re-test to
confirm a negative result

Female

24

Brazil

Without comorbidities

Naproxen and dipyrone

76 days. SARS-Cov-2
RT-qPCR tests were
performed.

Female

39

China
(Wuhan)

Systemic
lupus erythematosus
(SLE)

20 days. SARS-CoV-2
RT-qPCR tests were
performed.

Female

36

Brazil

Without comorbidities

Drugs for SLE: mycophenolate mofetil,
prednisone, and hydroxychloroquine;
Antiviral treatment:
lopinavir and ritonavir;
Drug for preventing
secondary infections:
moxifloxacin
Not mentioned

There was no re-test to
confirm a negative diagnosis for SARS-CoV-2
after the 1st diagnosis.
Three negative SARSCoV-2 RT-PCR assays
on nasopharyngeal
swabs taken 48 hours
apart after 6 days of first
diagnosis.

Female

58

Pakistan

Without comorbidities

Azithromycin

87 days. The first diagnosis was confirmed
by SARS-CoV-2 RTqPCR. The second diagnosis was determined by the ELISA
test for IgA. The RTqPCR test was negative for the second diagnosis.
55 days. SARS-CoV-2
RT-qPCR tests were
performed.
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Detection of
genetic mutation in the viral
sample
No

Reference

No

He et al.,
2021

Tests were performed
with negative results, for
detection of IgM and
IgG, 33 days and 67
days, respectively, after
acute presentation of
symptoms.

No

Torres et al.,
2021

Two negative SARSCoV-2 RT-PCR assays
on nasopharyngeal
swabs taken consecutively after 7 days from
the first diagnosis.

No

Hanif et al.,
2020

Bonifácio et.
al., 2020
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Female

89

Netherlands

Waldenström macroglobulinemia (WM)

Male

33

China
(Hong
Kong)

Without comorbidities

B-cell–depleting
therapy for WM

No antiviral treatment was given

59 days. SARS-CoV-2
RT-qPCR tests were
performed.

No RT-qPCR negative
samples between episodes (1st and 2nd diagnoses).

142 days. SARS-CoV2 RT-qPCR tests were
performed.

Two negative SARSCoV-2 RT-PCR assays
on nasopharyngeal and
throat swabs taken 24
hours apart after 19
days of first diagnosis.
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Yes. The 2
strains differed
at 10 nucleotide
positions in the
ORF 1a (4),
ORF 1b (2),
Spike (2), ORF
3a (1), and M
(1) genes and
the sequences
did no cluster in
the phylogenetic
tree.
Yes. Genomic
analysis showed
that the first viral
genome belongs
to a different
clade/lineage
than the second
viral genome.
The differences
in the amino acids between the
two genomes
are located in
the spike protein
(at the N-terminal domain, subdomain 2 and
upstream helix),
membrane protein, nucleoprotein, non-structural proteins
(NSP3, NSP5,
NSP6, NSP12),
and accessory
proteins

Mulder et al.,
2020

To et al.,
2020
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Female

20

Israel

Without comorbidities

Not mentioned

111 days. SARS-CoV2 RT-qPCR tests were
performed.

Male

29

Brazil

Without
comorbidities

Oseltamivir, azithromycin and hydroxychloroquine

Male

63

Brazil

SAH

Treated with symptomatic medication and
oseltamivir

Female

40

Brazil

Ankylosing
Spondylitis
and
Asthma

Prednisone and
azithromycin

Male

67

Brazil

Hydroxychloroquine,
azithromycin,
levofloxacin, piperacillin–tazobactam
and methylprednisolone

Male

47

Brazil

Obesity,
SAH, Obstructive
Sleep Apnea Syndrome, and
Rhinitis
Without
comorbidities

47 days after first
presentation, RT-PCR
for SARS-CoV-2 was
sent and again presented a positive result
52 days after first
presentation, RT-PCR
for SARS-CoV-2 was
sent and again presented a positive result
74 days after first
presentation, RT-PCR
for SARS-CoV-2 was
sent and again presented a positive result
57 days after first
presentation, RT-PCR
for SARS-CoV-2 was
sent and again presented a positive result

Male

31

Brazil

Without
comorbidities

Hydroxychloroquine,
azithromycin,

Hydroxychloroquine,
azithromycin,
levofloxacin and ivermectin

61 days after first
presentation, RT-PCR
for SARS-CoV-2 was
sent and again presented a positive result
55 days after first
presentation, RT-PCR
for SARS-CoV-2 was

530

Two negative SARSCoV-2 RT-PCR assays
on nasopharyngeal
swabs taken at 14 and
23 days from the first diagnosis.
Not mentioned

(ORF3a, ORF8
and ORF10).
No

Nachmias et
al., 2020

No

Fernandes
Valente
Takeda et
al., 2020

Not mentioned

No

Fernandes
Valente
Takeda et
al., 2020

Not mentioned

No

Fernandes
Valente
Takeda et
al., 2020

Not mentioned

No

Fernandes
Valente
Takeda et
al., 2020

Not mentioned

No

Fernandes
Valente
Takeda et
al., 2020

Not mentioned

No

Fernandes
Valente

EXCLI Journal 2021;20:522-536 – ISSN 1611-2156
Received: January 15, 2021, accepted: February 23, 2021, published: March 02, 2021

levofloxacin, ivermectin and prednisone
Not described

Male

30

-

Without
comorbidities

Male

56

-

Gout

After the surgical
procedure, hospital
discharge and treatment with ibuprofen
600 mg

Female

55

USA

Diabetes
Mellitus,
Coronary
Artery Disease;
Asthma
was diagnosed with
Philadelphia ChromosomePositive,
CD20-Positive B-ALL

Leukemia treatment:
rituximab, cytarabine, and dasatinib.
COVID-19 treatment:
hydroxychloroquine,
azithromycin and received 2 units of convalescent plasma
and dexamethasone

Male

33

China

Without
comorbidities

Not described

sent and again presented a positive result
4 weeks after the first
presentation, RT-PCR
positive For SARSCoV-2, the patient
again tested positive
The first 2 RT-PCR
tests were negative
while the serologic test
and a third PCR sample were found to be
positive, which suggests possible reinfection with Covid-19 or
false-negative results
From the first positive
RT-PCR to the second
negative RT-PCR for
SARS-CoV-2 it took 34
days.

135 days after the first
presentation, for

531

Takeda et
al., 2020
Negative RT-PCR test 2
months after first infection

No

Abdallah et
al., 2020

Not mentioned

No

Amoozgar et
al., 2020

After the negative result,
the patient tested positive 3 days later using
COVID-19 antibody test
and 7 days later -positive RT-PCR indicating a
possible reactivation of
the virus.
After this last positive
test by RT-PCR, the patient returned to a negative test 7 days later using the COVID-19 antibodies test. Then the
patient again tested positive by RT-PCR 3 days
after the last negative
result by COVID-19 antibody test.
He was isolated in the
hospital until twice testing negative for SARS-

No

Lancman et
al., 2020

Yes

Chan et al.,
2020
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SARS-CoV-2, the patient again tested positive by ELISA
86 days after the first
presentation, RT-PCR
positive for SARSCoV-2, the patient
again presented a positive result
Seven months

CoV-2 by RT-PCR, on
day 21 and 22

Not described

Antibiotics and corticosteroids

Male

57

--

Type 2 Diabetes Mellitus

Chloroquine, oseltamivir and azithromycin

Male

70

USA

Albuterol,
antitussives

Male

82

USA

Female

84

France

Obesity,
chronic low
back pain,
neuropathy,
asthma, obstructive
sleep apnea, and
hypertension
Parkinson's
disease, insulin-dependent diabetes,
chronic kidney disease, and
hypertension
Arterial hypertension;
heart disease; cancer; chronic
obstructive
pulmonary
disease

Negative RT-PCR test 2
weeks after first infection

No

Sharma et
al., 2020

Immunoglobulin levels
were normal. SARSCoV-2 antibodies, including IgG at the time
of admission were negative

No

Selvaraj et
al., 2020

48 days after first
presentation, RT-PCR
for SARS-CoV-2 was
sent, and again presented a positive result

Two subsequent RTPCR for SARS-CoV-2
sent 24 h apart, presenting negative results

No

Duggan et
al., 2021

41 days. SARS-CoV-2
RT-qPCR tests were
performed.

Not mentioned

No

Lafaie et al.,
2020
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Female

90

France

Female

84

France

Male

25

USA

Female

46

Qatar

Diabetes
mellitus; arterial hypertension;
heart disease
Arterial hypertension;
heart disease; immunosuppression
Without comorbidities
Mild
asthma

Antibiotics and corticosteroids

29 Days. SARS-CoV-2
RT-qPCR tests were
performed.

Not mentioned

No

Lafaie et al.,
2020

Antibiotics and corticosteroids

22 days. SARS-CoV-2
RT-qPCR tests were
performed.

Not mentioned

No

Lafaie et al.,
2020

38 days. SARS-CoV-2
RT-qPCR tests were
performed.
84 days. SARS-CoV-2
RT-qPCR tests were
performed.

Negative RT-PCR test
at 29 days from first infection
One negative SARSCoV-2 RT-PCR assay
on nasopharyngeal
swab taken at 13th day
from first diagnosis

Not described
Not mentioned
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No
No

Tillett et al.,
2020
AlFehaidi et
al., 2020
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CONCLUSION
Due to the time the virus remains in the
body of the patient, positive retest results may
occur. This can lead to a false diagnosis of reinfection. As well, reinfection if the virus has
undergone genetic mutation is a predictable
outcome. To better elucidate the problem we
suggest conducting laboratory research assessing the pathogenicity of SARS-CoV-2
strains that have undergone mutations, as well
as improving diagnostic records and establishing protocols for clinical cases involving
possible reinfection.
Acknowledgments
This study was supported using funds
from the Coordination for the Improvement of
Higher Education Personnel (CAPES), the
National Council for Scientific and Technological Development (CNPq), and the Federal
University of Paraíba (UFPB).
Conflict of interest
The authors declare that the research was
conducted in the absence of any commercial
or financial relationships that could be construed as a potential conflict of interest.
REFERENCES
Abdallah H, Porterfield F, Fajgenbaum D. Symptoatic
relapse and long-term sequelae of COVID-19 in a
previously healthy 30-year-old man. BMJ Case Rep.
2020;13:e239825. doi: 10.1136/bcr-2020-239825.
AlFehaidi A, Ahmad SA, Hamed E. SARS-CoV-2 reinfection: A case report from Qatar. J Infect. 2020;
epub ahed of print. doi: 10.1016/j.jinf.2020.10.019.
Alizargar J. Risk of reactivation or reinfection of novel
coronavirus (COVID-19). J Formos Med Assoc. 2020;
119:1123. doi: 10.1016/j.jfma.2020.04.013.
Alvarez-Moreno CA, Rodríguez-Morales AJ. Testing
dilemmas: Post negative, positive SARS-CoV-2 RTPCR – is it a reinfection? Travel Med Infect Dis.
2020;35:101743. doi: 10.1016/j.tmaid.2020.101743.
Amoozgar B, Kaushal V, Mubashar U, Sen S, Yousaf
S, Yotsuya M. Symptomatic pericardial effusion in the
setting of asymptomatic COVID-19 infection.
Medicine
(Baltimore).
2020;99:e22093.
doi:
10.1097/MD.0000000000022093.

Atkinson B, Petersen E. SARS-CoV-2 shedding and
infectivity.
Lancet.
2020;395:1339–40.
doi:
10.1016/S0140-6736(20)30868-0.
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;2020.03.13.990226. doi:
10.1101/2020.03.13.990226. accessed 17 February
2021.
Biswas A, Bhattacharjee U, Chakrabarti AK, Tewari
DN, Banu H, Dutta S. Emergence of novel coronavirus
and COVID-19: Whether to stay or die out? Crit Rev
Microbiol.
2020;46:182–93.
doi:
10.1080/1040841X.2020.1739001.
Bonifácio LP, Pereira APS, Araújo DCAE, Balbão
VDMP, Fonseca BALD, Passos ADC et al. Are SARSCoV-2 reinfection and Covid-19 recurrence possible?
A case report from Brazil. Rev Soc Bras Med Trop.
2020;53:e20200619. doi: 10.1590/0037-8682-06192020.
Chan PKS, Lui G, Hachim A, Ko RLW, Boon SS, Li
T, et al. Serologic responses in healthy adult with
SARS-CoV-2 reinfection, Hong Kong, August 2020.
Emerg
Infect
Dis.
2020;26:3076–8.
doi:
10.3201/eid2612.203833.
Chen L, Liu HG, Liu W, Liu J, Liu K, Shang J, et al.
[Analysis of clinical features of 29 patients with 2019
novel coronavirus pneumonia]. Zhonghua Jie He He
Hu Xi Za Zhi. 2020;43:E005. (article in Chinese). doi:
10.3760/cma.j.issn.1001-0939.2020.0005.
Dong E, Du H, Gardner L. An interactive web-based
dashboard to track COVID-19 in real time. Lancet
Infect Dis. 2020;20:533–4. doi: 10.1016/S14733099(20)30120-1.
Duggan NM, Ludy SM, Shannon BC, Reisner AT,
Wilcox SR. Is novel coronavirus 2019 reinfection
possible? Interpreting dynamic SARS-CoV-2 test
results. Am J Emerg Med. 2021;39:256.e1-3. doi:
10.1016/j.ajem.2020.06.079.
Fernandes Valente Takeda C, Moura de Almeida M,
Gonçalves de Aguiar Gomes R, Cisne Souza T, Alves
de Lima Mota M, Pamplona de Góes Cavalcanti L, et
al. Case report: Recurrent clinical symptoms of
COVID-19 in healthcare professionals: S series of
cases from Brazil. Am J Trop Med Hyg. 2020;103:
1993-6. doi: 10.4269/ajtmh.20-0893.
Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, et al.
Clinical characteristics of Coronavirus disease 2019 in
China. N Engl J Med. 2020;382:1708–20. doi:
10.1056/NEJMoa2002032.

534

EXCLI Journal 2021;20:522-536 – ISSN 1611-2156
Received: January 15, 2021, accepted: February 23, 2021, published: March 02, 2021

Guo L, Wei D, Zhang X, Wu Y, Li Q, Zhou M, et al.
Clinical features predicting mortality risk in patients
with viral pneumonia: The MuLBSTA score. Front
Microbiol.
2019;10:2752.
doi:
10.3389/fmicb.2019.02752.
Hanif M, Haider MA, Ali MJ, Naz S, Sundas F.
Reinfection of COVID-19 in Pakistan: A first case
report. Cureus. 2020;12(10):e11176. doi: 10.7759/cureus.11176.
He S, Han J, Lichtfouse E. Backward transmission of
COVID-19 from humans to animals may propagate
reinfections and induce vaccine failure. Environ Chem
Lett. 2021; epub ahead of print. doi: 10.1007/s10311020-01140-4.
Jin Y, Yang H, Ji W, Wu W, Chen S, Zhang W, et al.
Virology, epidemiology, pathogenesis, and control of
COVID-19.
Viruses.
2020;12:372.
doi:
10.3390/v12040372.
Lafaie L, Célarier T, Goethals L, Pozzetto B, Grange
S, Ojardias E, et al. Recurrence or relapse of COVID19 in older patients: A description of three cases. J Am
Geriatr Soc. 2020;68:2179-83. doi: 10.1111/jgs.16728.

Peirlinck M, Linka K, Sahli Costabal F, Bhattacharya
J, Bendavid E, Ioannidis JPA, et al. Visualizing the
invisible: The effect of asymptomatic transmission on
the outbreak dynamics of COVID-19. Comput
Methods Appl Mech Eng. 2020;372:113410. doi:
10.1101/2020.05.23.20111419.
Rodriguez-Morales
AJ,
Cardona-Ospina
JA,
Gutiérrez-Ocampo E, Villamizar-Peña R, HolguinRivera Y, Escalera-Antezana JP, et al. Clinical,
laboratory and imaging features of COVID-19: A
systematic review and meta-analysis. Travel Med
Infect
Dis.
2020;34:101623.
doi:
10.1016/j.tmaid.2020.101623.
Roy S. COVID-19 Reinfection: Myth or Truth? SN
Compr Clin Med. 2020;2:710–3. doi: 10.1007/s42399020-00335-8.
Sah R, Rodriguez-Morales AJ, Jha R, Chu DKW, Gu
H, Peiris M, et al. Complete genome sequence of a
2019 novel coronavirus (SARS-CoV-2) strain isolated
in Nepal. Microbiol Resource Announcements.
2020;9(11): e00169-20. doi: 10.1128/MRA.00169-20.
Correction: Microbiol Resource Announcements.
2021;10(3):e01466-20. doi: 10.1128/MRA.01466-20.

Lan L, Xu D, Ye G, Xia C, Wang S, Li Y, et al. Positive
RT-PCR test results in patients recovered from
COVID-19.
JAMA.
2020;323:1502.
doi:
10.1001/jama.2020.2783.

Selvaraj V, Herman K, Dapaah-Afriyie K. Severe,
symptomatic reinfection in a patient with COVID-19.
R I Med J (2013). 2020;103(10):24-6.

Lancman G, Mascarenhas J, Bar-Natan M. Severe
COVID-19 virus reactivation following treatment for
B cell acute lymphoblastic leukemia. J Hematol Oncol.
2020;13:131. doi: 10.1186/s13045-020-00968-1.

SeyedAlinaghi S, Oliaei S, Kianzad S, Afsahi AM,
MohsseniPour M, Barzegary A, et al. Reinfection risk
of novel coronavirus (CoVID-19): A systematic review
of current evidence. World J Virol. 2020;9:79–90. doi:
10.5501/wjv.v9.i5.79.

Mellet J, Pepper MS. A COVID-19 vaccine: Big
strides come with big challenges. Vaccines. 2021;9:39.
doi: 10.3390/vaccines9010039.
Mulder M, van der Vegt DSJM, Oude Munnink BB,
GeurtsvanKessel CH, van de Bovenkamp J, Sikkema
RS, et al. Reinfection of severe acute respiratory
syndrome Coronavirus 2 in an immunocompromised
patient: A case report. Clin Infect Dis. 2020; epub
ahead of print. doi: 10.1093/cid/ciaa1538.
Nachmias V, Fusman R, Mann S, Koren G. The first
case of documented Covid-19 reinfection in Israel.
IDCases.
2020;22:e00970.
doi:
10.1016/j.idcr.2020.e00970.
Okhuese VA. Estimation of the probability of
reinfection with COVID-19 coronavirus by the
SEIRUS model. SSRN Electron J. 2020;6:1-10. doi:
10.2139/ssrn.3571765.

Sharma R, Sardar S, Mohammad Arshad A, Ata F,
Zara S, Munir W. A patient with asymptomatic SARSCoV-2 infection who presented 86 days later with
COVID-19 pneumonia possibly due to reinfection with
SARS-CoV-2. Am J Case Rep. 2020;21:e927154. doi:
10.12659/AJCR.927154.
Sun C, Chen L, Yang J, Luo C, Zhang Y, Li J, et al.
SARS-CoV-2 and SARS-CoV spike-RBD structure
and receptor binding comparison and potential
implications on neutralizing antibody and vaccine
development. bioRxiv. 2020;2020.02.16.951723. doi:
10.1101/2020.02.16.951723.
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. 2021;21(1):52-8. doi: 10.1016/S14733099(20)30764-7.

535

EXCLI Journal 2021;20:522-536 – ISSN 1611-2156
Received: January 15, 2021, accepted: February 23, 2021, published: March 02, 2021

To KK-W, Hung IF-N, Ip JD, Chu AW-H, Chan W-M,
Tam AR, et al. Coronavirus disease 2019 (COVID-19)
Re-infection by a phylogenetically distinct severe
acute respiratory syndrome coronavirus 2 strain
confirmed by whole genome sequencing. Clin Infect
Dis.
2020;
epub
ahead
of
print.
doi:
10.1093/cid/ciaa1275/5897019.
Torres DA, Ribeiro LDCB, Riello APFL, Horovitz
DDG, Pinto LFR, Croda J. Reinfection of COVID-19
after 3 months with a distinct and more aggressive clinical presentation: Case report. J Med Virol. 2021;93:
1857-9. doi: 10.1002/jmv.26637.
Villamil-Gómez WE, Guijarro E, Castellanos J,
Rodríguez-Morales AJ. Congenital Zika syndrome
with prolonged detection of Zika virus RNA. J Clin
Virol. 2017;95:52–4. doi: 10.1016/j.jcv.2017.08.010.
Wölfel R, Corman VM, Guggemos W, Seilmaier M,
Zange S, Müller MA, et al. Virological assessment of
hospitalized patients with COVID-2019. Nature.
2020;581:465–9. doi: 10.1038/s41586-020-2196-x.
Correction: Nature. 2020 Dec;588(7839):E35. doi:
10.1038/s41586-020-2984-3.

WHO, World Health Organization. Coronavirus disease (COVID-19) weekly epidemiological update and
weekly operational update. Geneva: WHO, 2021.
https://www.who.int/emergencies/diseases/novelcoronavirus-2019/situation-reports. Accessed 17
February 2021.
Ye G, Pan Z, Pan Y, Deng Q, Chen L, Li J, et al.
Clinical characteristics of severe acute respiratory
syndrome coronavirus 2 reactivation. J Infect.
2020;80:e14–7. doi: 10.1016/j.jinf.2020.03.001.
Zhang B, Liu S, Dong Y, Zhang L, Zhong Q, Zou Y,
et al. Positive rectal swabs in young patients recovered
from coronavirus disease 2019 (COVID-19). J Infect.
2020;81:e49–52. doi: 10.1016/j.jinf.2020.04.023.
Zhou L, Liu K, Liu HG. [Cause analysis and treatment
strategies of “recurrence” with novel coronavirus
pneumonia (COVID-19) patients after discharge from
hospital].). Zhonghua Jie He He Hu Xi Za Zhi.
2020;43:281–4.
(article
in
Chinese).
doi:
10.3760/cma.j.cn112147-20200229-00219.

536

