
Received: 27 September 2020 - Revised: 28 November 2020 - Accepted: 1 December 2020

DOI: 10.1002/rmv.2203

R EV I EW

How strong is the evidence that it is possible to get
SARS‐CoV‐2 twice? A systematic review

Larabe Farrukh | Aqsa Mumtaz | Muhammad K. Sana

King Edward Medical University, Lahore,

Pakistan

Correspondence

Larabe Farrukh, King Edward Medical

University, Neela Gumbad, Anarkali, Lahore

54000, Pakistan.

Email: larabefarrukh123@gmail.com

Summary

With a large number of coronavirus disease 2019 (Covid‐19) patients being

discharged from hospital with negative test results for SARS‐CoV‐2, it has been

reported that several recovered cases tested positive after discharge (re‐positive,
RP). This finding has raised several important questions for this novel coronavirus

and Covid‐19 disease. In this review, we have discussed several important ques-

tions, including: (1) Can the virus re‐infect recovered individuals? (2) What are the

possible causes of the re‐positive reverse transcriptase‐polymerase chain reaction

(RT‐PCR) test in recovered patients? (3) What are the implications of these

re‐positive cases concerning the spread of the virus? Understanding how recovery

from Covid‐19 confers immunity to decrease the risk of re‐infection is needed to

inform current efforts to safely scale back population‐based interventions, such as

physical distancing. We have also described what is currently known about the

immune response to Covid‐19, highlighted key gaps in knowledge, and identified

opportunities for future research. Overall, the quality of the evidence is poor and we

describe the features that should be described for future cases.
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1 | INTRODUCTION

Starting December 2019, Chinese scientists witnessed the emer-

gence of a new virus which was named SARS‐CoV‐2.1,2 By March

2020, the World Health Organization (WHO) declared the Covid‐19
outbreak to be a pandemic. Extreme control measures were taken,

resulting in grave consequences both in terms of health outcomes

and financial losses. The SARS‐CoV‐2, in general, is a mild infection,

however, some patients, especially those in the elderly group

(>60 years old) with co‐morbidities, are prone to develop more

severe symptoms of the disease.2,3 Although the global daily case

fatality rate (CFR) of the ongoing Covid‐19 pandemic is declining,

there are many countries where CFR is still increasing, and the rate

of new infections is significantly high.4

Recently, a large number of recovered patients with Covid‐19
have been discharged from the hospital, with regular follow‐up and

observation.2 Surprisingly, a re‐positive (RP) result of the SARS‐
CoV‐2 RNA test has been reported in some of these patients, most of

whom had complete clinical remission and two consecutive negative

nasopharyngeal swabs on discharge.2 Although the number of these

RP patients is small, their potential impact and significance are high.

These RP patients generally belong to a younger age group and

present initially with mild or moderate symptoms.1 No patients who

experienced severe symptoms of the disease initially have so far

become RP. Retrospectively, it was documented that the RP patients

displayed milder symptoms and earlier RNA negative‐conversion as

compared to NRP patients. When re‐admitted to the hospital, these

RP patients did not display any significant clinical symptoms, but

showed normal or improving CT imaging and decreasing inflamma-

tory cytokines.2

Although PCR‐based methods cannot distinguish between the

infectious form of the virus and the non‐infectious nucleic acid, the
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positive RT‐PCR of these recovered patients represents an important

finding that should be studied in detail. Few studies so far have

investigated the contagiousness of these RP patients but, if they

carry live viruses, they might be a potential source of infection to the

general population. In this article, we review potential reasons why

the results of the SARS‐CoV‐2 RT‐PCR tests were positive again in

recovered patients.

2 | MATERIALS AND METHODS

2.1 | Objective

The review was done to study the possibility of re‐infection in

patients diagnosed with Covid‐19, after being discharged from the

hospital. In this article, we discuss in detail all the possible causes that

could result in a re‐positive RT‐PCR in these convalescent patients

after meeting the recent discharge criteria.

2.2 | Databases

The literature review for the research was performed on PubMed

and Cochrane. Mesh terms Covid‐19, ‘recurrence’, ‘infection’, and
‘risk’ were searched with all corresponding keywords and relevant

articles were imported into Endnote. Moreover, we used the bibli-

ographies of literature retrieved via a search of authoritative texts

and hand searches in WHO reports making sure we do not miss any

articles. All keywords are shown in Table 1.

2.3 | Inclusion criteria

1. All studies with cases of re‐positive PCR and suspected

re‐infection were included

2. Observational studies, case studies, case reports, and editorials

3. Good or fair‐quality studies on the quality assessment

questionnaire

4. Studies published in the English Language

2.4 | Exclusion criteria

1. Review articles

2. Studies published in languages other than English

2.5 | Study selection

A total of 206 studies was imported into Endnote from the two

databases. Inclusion and exclusion criteria were applied and a total of

42 articles was selected after going through titles and abstracts.

These 42 full articles were extracted and independently passed

through the quality assessment questionnaire to finally select a total

of 27 articles included in the final review. Figure 1 shows the PRISMA

flow chart of study selection.

2.6 | Data extraction

Data extraction was done from selected studies in tabulated form.

Extraction of data was performed by the same review authors who

conducted the study selection independently, using a structured form

that contained study characteristics, including the age of the patients,

presence of fever, presenting symptoms, vitals, CT scan findings, and

management. Any disagreement was discussed after completion of

the data collection process and reviewers were consulted for each

topic.

3 | RESULTS

A total of 27 studies was included in our review, reporting a total of

253 cases who tested positive the second time after an average

period of 11.5 days from the last negative RT‐PCR test. The mean age

of the RP positive cases was 47.85 years (Table 2). The sample most

commonly collected was oropharyngeal swab (n = 25/253) followed

by nasopharyngeal (n = 21/253) and in a few cases, saliva (n = 1),

sputum (n = 2), or feces (n = 4); Table 3). In a few cases, samples from

different sites were collected to reconfirm the initial positive results

while in others the samples collected from secondary sites were

positive suggesting viral shedding.

Data of initial presentation was available for 29, of whom 28

cases were symptomatic. Twenty‐eight were febrile on the first

presentation, six were afebrile while no data were available for the

rest. There were significant findings on chest computed tomography

(CT) scan in 18 patients with varying degrees of focal unilateral

involvement, focal bilateral involvement, and diffuse bilateral lung

involvement. They were initially managed with oxygen (n = 7),

antibiotics (n = 6), antivirals (n = 11), steroids (n = 10), traditional

Chinese medicine (n = 1), or anticoagulants (n = 4). Out of 253 pa-

tients who were RP positives in RT‐PCR results, data from the second

presentation was available for 28 out of which 18 were symptomatic

on the second presentation while there were no significant clinical

findings in 10 patients and were tested for mandatory reasons where

a negative test was needed, for example, traveling or job. Six were

febrile on the second presentation while 15 were afebrile. The chest

CT scan showed positive findings in 22 patients, most of which were

resolving (n = 7). Symptomatic cases were managed on the same line

of management that is, oxygen (n = 4), antibiotics (n = 6), steroids

(n = 4), antivirals (n = 7), Traditional Chinese Medicine (n = 5), and

anticoagulants (n = 1). Serology results were available for (n = 14).

IgM antibodies were positive in six patients and IgG in eight patients.

Discharge RT‐PCR data was available for 14. Twelve had negative

RT‐PCR results, while two were still positive and were sent home

with instructions on precaution and isolation.
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4 | DISCUSSION

Covid‐19 has affected more than 55 million people worldwide with

deaths exceeding one million.5 The chance of getting re‐infected with

the same virus poses a threat of another wave of the pandemic and

has been a source of concern. In our study, we assessed whether

reinfection is possible and other immunological, virological, and

sampling errors which might have led to RP result.

4.1 | Low sensitivity of RNA detection kits

There is a possibility of RT‐PCR rendering false‐negative results, due

to improper sampling procedures, sources of samples, or poor

sensitivity/specificity of the nucleic acid test kit.

The low sensitivity of commercial RNA detection kits has been

speculated to be one of the major causes of RP.6 Some commercial

kits have only a 30%–50% positive rate of detection. According to the

TAB L E 1 MeSH terms

Mesh term Covid‐19 Recurrence Infection Risk

Entry terms � 2019 novel coronavirus disease
� COVID19
� COVID‐19 pandemic
� SARS‐CoV‐2 infection
� COVID‐19 virus disease
� 2019 novel coronavirus infection
� 2019‐nCoV infection
� Coronavirus disease 2019
� Coronavirus disease‐19
� 2019‐nCoV disease
� COVID‐19 virus infection
� 2019‐nCoV
� Wuhan coronavirus
� SARS‐CoV‐2
� 2019 novel coronavirus
� COVID‐19 virus
� Coronavirus disease 2019 virus
� COVID19 virus
� Wuhan seafood market pneumonia virus

� Recurrences
� Recrudescence
� Recrudescences
� Relapse
� Relapses

� Infection and infestation
� Infestation and infection
� Infections and infestations
� Infestations and infections
� Infection

� Risks
� Relative risk
� Relative risks
� Risk, relative
� Risks, relative

F I GUR E 1 PRISMA
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TAB L E 3 Characteristics of SARS‐CoV‐2 related investigations among re‐positive individuals

Study N Median age (years)

Days from last

negative RT‐PCR Sample site

Discharge

RT‐PCR result Serology

Bentivegna et al.1 1 69 23 NP (−) IgG (2.7 signal/cut‐off)

Bongiovanni et al.42 1 81 2 NP (−) NA

Bongiovanni et al.42 1 85 5 NP (−) NA

Chena et al.3 1 46 2 NP NA NA

Dou et al.43 1 34 14 NP (−) NA

Lafaie et al.44 1 84 >1 month NP NA NA

Lafaie et al.44 1 90 Not specified NP NA Not performed

Lafaie et al.44 1 84 No diagnostic test in

asymptomatic phase

NP NA NA

Liu et al.45 1 35 11 NP, rectal NP (+), rectal (−) IgM (−), IgG (+) on
reinfection

Loconsole et al.46 1 48 15 NP NA IgM and IgG (+)

Qu et al.47 1 49 3 OP Sputum PCR (+) NA

Wang et al.48 1 33 NA OP (−) IgM and total antibody

test (+)

Zhou et al.49 1 40 5 OP (−) IgM(19.27 to

36.44 AU/ml)IgG

(24.68 to 28.81 AU/ml)

Peng et al.50 1 67 NA OP NA NA

Peng et al.50 1 NA NA OP, NP NA NA

Peng et al.50 1 NA NA OP, NP NA NA

Peng et al.50 1 NA NA OP, NP NA NA

Peng et al.50 1 38 NA Anal, OP NA NA

Peng et al.50 1 29 NA Anal, OP NA NA

Peng et al.50 1 21 NA NP NA NA

Li et al.51 1 41 14 days NP, sputum, fecal NA NA

Aming et al.52 1 58 22 days OP (−) IgM(91.29),IgG(203.85)

Wang et al.53 8/131 46.5 1–2 weeks; 3–4 weeks NA (−) NA

Lan et al.54 4 30−36 5−13 OP (−) NA

Liu et al.55 9/51 46.6 14 days OP (−) NA

Liu et al.56 11/150 49 NA OP NA IgG 243.0 (164.9–353.1)

IgM

9.6 (4.1–24.9)

Zou et al.57 53/257 60.37 1–12 days OP (‐) IgG and IgM antibodies

(+)150/257 patients

Zheng et al.58 3/20 23‐57 7 days Fecal, saliva (‐) NA

An et al.1 38/262 14‐60 14 days Pharyngeal, anal NA NA

Wang et al.59 35/420 32 10 (7–16 days) NP, OP, anal NA NA

Yuan et al.60 20/182 46.4 7–14 days OP, anal NA NA

Yuan et al.61 25 16‐42 6 days (4–10) NP, OP, cloacal NA NA

(Continues)
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study by An et al.1 the use of higher sensitive methods increased the

detection of viral RNA in the samples of RP patients with initially

negative results. Another possible, albeit less plausible reason,

include contamination of the samples, even though most centres

ensure that the testers change PPE (personal protective equipment)

in between patients.7 Despite positive RT‐PCR test results, most

patients were asymptomatic and had unchanged clinical imaging,

indicating that a positive RT‐PCR does not necessarily signify rein-

fection and fails to correlate clinically.7 Hoang et al.8 also showed

that recurrences could be persistent infections with false‐negative
PCR results at discharge. A high false‐negative rate (48/384, 12.5%)

of RT‐PCR results for SARS‐CoV‐2 detection has been recorded.8

Therefore, future studies should improve both the sensitivity and

specificity of the detection kit.

4.2 | Defective sampling techniques

A pharyngeal specimen is the most commonly collected specimen to

detect the virus as the virus initially appears in the upper respiratory

tract. It is collected either via nasopharyngeal or oropharyngeal

swabs. The specimen should be collected correctly via a flocked

tapered swab from the nasopharynx and then stored in a sterile

environment. In the case of an oropharyngeal specimen, a swab is

inserted into the posterior pharynx and tonsillar areas. The swab

should rub over both tonsillar pillars and posterior oropharynx and

avoid touching the tongue, teeth, and gums. If the swab is not

inserted deep enough, it may not collect sufficient viral particles. To

minimize the chances of false negatives, it is recommended that two

samples from both nostrils should be collected.9 Initially, the virus

appears in the upper respiratory tract, but as the infection pro-

gresses, it appears in the lower respiratory tract or other locations

such as the gut or blood.10

4.3 | PCR techniques

Different RT‐PCR assays are commonly used for targeting different

SARS‐CoV‐2 genomic regions, including ORF8 regions, ORF1b, spike

(S), nucleocapsid (N), envelope (E) genes, or RNA‐dependent RNA

polymerase.11 These gene‐specific primers may also affect the results

of the tests through the variation in the viral RNA sequences that are

targeted. These limitations of Covid‐19 tests can be recognized by

applying the intact virus to yield better detection of actual samples

compared with the use of nucleotide sequences. Hence, improved

PCR techniques with greater amplification efficiency should be

routinely used, such as the addition of a second primer pair or a

multiple‐target gene amplification, and the use of probing primer sets

that are designed to minimize misdetection.12

4.4 | Residual viral particles

The PCR test relies on the amplification of nucleic acid in the sample,

not fully active viral particles. Studies have shown that the presence

of these inactive viral RNA particles outlasts the infectious viral

particles in the body.13 While the immune system generates anti-

body responses to the surface protein of viral particles, the genetic

material (RNA, DNA) left behind degrades over time.14 Thus, RP

positive PCR results may not necessarily signify reinfection, but

rather the presence of leftover genetic material from a previous

active infection. Wolfel et al.15 isolated live virus from individuals

infected with SARS‐CoV‐2 but noticed that after day 8 of infection,

the live virus was not able to be isolated despite high overall viral

loads. An et al.1 showed that young patients with a mild episode of

Covid‐19 seem to constitute most of the RP patients after discharge.

According to the study Bentivegna et al.,6 most of the patients with

post‐recovery positive RT‐PCR were either asymptomatic or mildly

symptomatic. All contacts of RP patients were tested negative for

SARS‐CoV‐2 RNA, and no suspicious clinical symptoms were

reported.

Virus culture can be used to identify whether the prolonged PCR

positivity is just a result of non‐viable viral RNA shedding or the

result of persistent, infectious viral RNA shedding. If the culture is

negative for the viable virus, then the detected viral RNA from the

PCR is a likely result of non‐viable viral RNA shedding and not an

ongoing infection or re‐infection. If a viable virus is identified through

culture, further investigation is needed to assess whether the viable

virus from the second episode is the result of a secondary infection

by a different viral strain.16

T A B L E 3 (Continued)

Study N Median age (years)

Days from last

negative RT‐PCR Sample site

Discharge

RT‐PCR result Serology

Li et al.62 04/13 52.8 14 days (n = 1), 7 days

(n = 1) 6 days (n = 1),

5 days (n = 1)

NP, OP, sputum, fecal NA NA

Deng et al.63 4/17 NA 3 days NP, OP NA NA

Xiao et al.64 15/70 NA NA OP, NP NA NA

Xing et al.65 1 40s NA OP NA NA

Xing et al.65 1 20s NA OP NA NA

Abbreviations: N, number of cases; NP, nasopharyngeal; OP, oropharyngeal.
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4.5 | Low viral load

Viral load is a strong indicator of the severity of infection.17

Normally, PCR testing amplifies the genetic material from the

collected specimen in cycles; the fewer the cycles required to detect

it, the greater will be the initial viral load.18 Accurate detection and

measurement of viral load are crucial for clinical practice and

decision‐making. RT‐PCR could be used to directly quantify viral load

by observing the fluorescence signal that proportionally increases

with the amount of nucleic acid. This test serves to confirm the

positivity of a case under investigation based on a specified threshold

of detected fluorescence and a certain number of PCR cycles. A high

cycle threshold (Ct) value indicates low viral load. A Ct (number of

cycles required to detect viral particles) value of 40 is a cut‐off point
and should be determined in routine laboratories.18

4.6 | Intermittent viral shedding

One potential reason for RP is intermittent viral shedding. The GI

system is one of the main potential shedding sites due to the presence

of ACE‐2 receptors.19 Xing et al.20 reported persistent viral shedding

in two children during the convalescent phase. This led to the

surveillance of faecal matter of paediatric patients and their families

with negative nasal PCR tests. In another study, the faecal shedding of

the viral matter was postulated to be not infectious in nature.21

Gupta et al.22 conducted a systematic review to identify the

incidence and timing of positive faecal testing in clinically recovered

patients. In his review, he deduced that faecal testing remains

positive for 1 to 33 days after a negative nasopharyngeal swab. So,

even if there is a negative nasopharyngeal swab, the faecal test can

be positive for days as the upper respiratory tract clears the virus

faster than the gut.23 Such a positive faecal test may be mistaken for

recurrence and future reports should explicitly document this.

Dou et al.24 confirmed the presence of characteristic lesions

detected on serial CT imaging that were not resolved in re‐positive
patients. Prolonged viral shedding was noted with PCR on respira-

tory swab samples in a 71‐year‐old woman 60 days after the onset of

symptoms, and 36 days after symptoms had subsided.25 Researchers

have reported delayed admission and mechanical ventilation as the

factors correlating with delayed viral shedding.26 Therefore,

prolonged viral shedding may explain persistent re‐positive results.

4.7 | Mutated strains

A mutation that can affect the biological conformation of the virus

leading to altered infectivity and immunogenicity is called a strain,

otherwise, it is called a variant. A total of 106 variants and 68 strains

has been identified so far with most having little to no impact on the

virulence of the virus.27 As the cases of Covid‐19 are now rising

exponentially, recurrences due to different strains have also been

reported.27

In August, a 33‐year‐old man was diagnosed again with Covid‐19
in Hong Kong after 142 days since the initial infection.28 After an

initially mild symptomatic episode in March 2020, he recovered and

the serological testing did not reveal any detectable antibodies. In

August 2020, he was tested positive on entry screening at the

airport, after his return trip to Europe. The genomic testing revealed

mutated viral particles making this the first confirmed case of rein-

fection due to a different strain. In comparison, there were four

amino acid residues that differed in the spike protein between the

first and second infection, including L18F, A222V, D614G, and

Q780E. The A222V and D614G mutations affecting the spike protein

of the virus were said to be significant in evading the immune

response and causing reinfection. While there is no significant data

on A222V mutation apart from the fact that A222V mutation occurs

in one of the viral spike proteins that T‐cells target, the D614G

mutation has been studied widely.29 The original stain of the virus

from Wuhan had the D614 variant. The D614G mutation changed

the amino acid at position 614 from D (aspartic acid) to G (glycine)

giving birth to a new G614 strain. The mutation initially occurred in

Europe and gradually noticed to be on the rise in North America,

Oceania, and then Asia.30 Currently, 70% of the general population

has this mutation. The G614 mutation has been infamous for its

increased infectivity, viral load, and rapid spread among the general

population while further studies are been conducted to observe the

difference in virulence.31

After the aforementioned case, reports of recurrent cases with

a different strain emerged from Belgium, Nevada, Ecuador, and

India.32–35 These recurrences have raised several questions

regarding the longevity of immunity, the immune response to a new

strain, and the future of vaccines in lieu of these mutations. The

second episode in most of the reported cases was mild predicting

residual immunity after the initial infection. Larson et al.36 reported a

severe episode after a mildly symptomatic initial infection. The

limited testing and genomic studies make it difficult to calculate the

extent of reinfection due to a new strain and further studies are

warranted to predict the immune response to a different strain.

4.8 | Humoral immunity

Antibodies against other coronaviruses can wane over time (range:

12–52 weeks from the onset of symptoms).37 Memory cells develop

along with the killer T cells and next time the body is infected, the

body takes a shorter time to combat the infection.

The antibody response developed against the novel SARS‐CoV‐2
depends upon the severity of the infection. A typical case develops

immunity after 7–15 days38 Mild infections take longer to confer

immunity and it is postulated that asymptomatic infections do not

develop detectable antibodies. The antibody response once devel-

oped did not wane within the four months as concluded from a recent

study done in Iceland.39 Further longitudinal studies should be done

to study the immune response to Covid‐19 and its impact on the

development of antibodies. Mantovani et al. has also hinted towards
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the protective effect of prior vaccines, particularly BCG vaccine on

the immune system. BCG increases the immune response to patho-

gens other than TB and conferring nonspecific protection against a

wide range of infections by activating the innate immune system. It

also helps the innate immune system to develop a ‘memory’ against

other microorganisms, a phenomenon known as trained innate

immunity.40 However, Luciana et al. reported a unique case of acute

tuberculosis infection superimposed on COVID‐19 pneumonia,

hinting towards the fact that BCG vaccine may have failed to train

the immune system to fight off both infections.41 This hypothesis

requires multiple scientific trials for confirmation. Furthermore, in

lieu of the multiple mutated strains, highly sensitive antibody testing

methods should be devised to detect antibodies against a range of

epitopes found on multiple viral proteins. This will not only help us in

studying protective immune response but also help in the develop-

ment of suitable vaccines and the protection they confer. We can

then assess the longevity of protective antibodies produced after

vaccination.

5 | CONCLUSION

While the initial cases of re‐positives can be due to sampling errors,

immunological and viral factors that may have caused a false

positive, recent studies have shown that reinfection by mutated viral

particles is possible. The re‐infection in most cases was either

asymptomatic or mildly symptomatic hinting towards potential long‐
term immunity to the subsequent exposure. Genetic studies should

be done to assess the effect of various mutations on the virulence

and spread of the virus. Further studies are warranted to evaluate

the immune response to the mutated particles, the longevity of

antibodies, and the effect of these mutations on the development of

the vaccine.
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