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Abstract

Recent studies reported that some recovered COVID‐19 patients have tested

positive for virus nucleic acid again. A systematic search was performed in Web of

Science, PubMed, Scopus, and Google Scholar up to March 6, 2021. The pooled

estimation of reinfection, recurrence, and hospital readmission among recovered

COVID‐19 patients was 3, 133, and 75 per 1000 patients, respectively. The overall

estimation of reinfection among males compared to females was greater. The pre-

valence of recurrence in females compared to males was more common. Also,

hospital readmission between sex groups was the same. There is uncertainty about

long‐term immunity after SARS‐Cov‐2 infection. Thus, the possibility of reinfection

and recurrence after recovery is not unexpected. In addition, there is a probability of

hospital readmission due to adverse events of COVID‐19 after discharge. However,

with mass vaccination of people and using the principles of prevention and appro-

priate management of the disease, frequent occurrence of the disease can be

controlled.
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1 | INTRODUCTION

The SARS‐Cov‐2 pandemic has recently appeared as a global

threat to human health.1 It has forced many countries to take

unprecedented steps to prevent it from spreading and has imposed

high costs on the health care sector of countries.2 Up to August 9,

2021, the World Health Organization (WHO) has approved about

202 million confirmed cases, with nearly 4300 million deaths and 4

billion doses of vaccine have been administered.3 Most COVID‐19

patients have experienced mild to moderate symptoms and re-

covered without requiring special treatment. Mild‐type infected in-

dividuals experience fever, cough, sore throat, diarrhea, headaches,

myalgia or arthralgia, exhaustion, and loss of sense of smell and

taste.4,5 The symptoms of COVID‐19 pneumonia include dyspnea,

loss of appetite, dizziness, pain or pressure in the chest, and fever

(above 38°C). Older people and those with underlying medical pro-

blems such as cardiovascular disease, diabetes, chronic respiratory

disease, and cancer will probably experience more severe complica-

tions.6 The increase in the liver enzyme and the low number of

lymphocytes with an increase in CRP (C‐reactive protein) is often

present in COVID‐19 patients.7 It can eventually lead to acute

respiratory distress syndrome (ARDS) and death.8,9 The COVID‐19

virus spreads mainly through saliva or sprays from the nose; the best

way to prevent and reduce transmission speed is adequate aware-

ness of the COVID‐19 viruses and how it spreads. By washing hands

or using alcohol and not touching the face, one can protect himself

and others against infection. Being infected with the virus does not

produce permanent immunity and antibody against the virus in all
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people.10 More than 90% of individuals infected with SARS‐Cov‐2

produce antibodies about a week after starting the symptoms, which

lasts for at least 3 months.11,12 There is an urgent need to understand

better whether those who have recovered from COVID ‐19 are

secure to reinfection or not. The effectiveness of vaccination

strategies, concerns for herd immunity, and general modeling for the

epidemic depend on the effectiveness and period of immunity versus

COVID‐19. The acute respiratory syndrome of the coronavirus 2

(SARS‐Cov‐2) has already produced distinct immunity responses.

However, the rate and time of immunity in infected individuals

against reinfection are not clarified.13 Immunity after infection may

be created with immune responses of IgG antibodies and mediated

by specialized T cells. Primary considerations when examining the

immunity of postinfection include identifying protective functions,

identifying measurable biological markers, and the precise definition

of reinfection, recurrence, and readmission, death, or transfer to

other people.14,15 The exact cause of the disease recurrence of some

COVID‐19 patients is unclear. It was previously mentioned that

imperfect eradication of the virus from the tissues was the cause.

Another notion says that inadequate antibodies or the rapid

disappearance of these antibodies due to a stimulus factor are the

cause.15 Short‐period immunity against reinfection has been

observed in non‐human models of SARS‐Cov‐2.12

Reinfection and possible hospital readmission is a significant

and costly problem in the pandemic.16 In addition, the rotation and

dynamics of the virus and its mutation in the countries lead to

resistance to treatment and vaccinations.17 Trying to accurately de-

fine and monitor the rate of reinfection, recurrence, readmission, and

affecting factors can provide practical strategies for policy‐making

to prevent reinfection, improve health care, and treat patients.

According to the past reports, the frequency of readmission was

reported as between 2% and 5%. Readmission is usually in the first

week after clearance. It may be due to other underlying diseases

except for reinfection.18 The reinfection rate in different countries

has been reported between less than 0.5% to more than 5%.19,20

Thus, according to the various reports about the probability of re-

infection, recurrence, or hospital readmission due to COVID‐19 in the

whole world, we decided to design a study with the purpose of de-

termining the definition and extent of reinfection, recurrence of

positive nucleic acid (repositivity), and hospital readmission, which

may have positive clinical and epidemiological implications for the

treatment and control of the infection. This study systematically

searches and summarizes the frequency and definitions of reinfection

rates, recurrence, and hospital readmission following SARS‐Cov‐2

infection.

2 | METHODS

2.1 | Search strategy

A systematic search was performed in PubMed, Web of Science,

Scopus, and Google Scholar up to March 6, 2021, in the English

language. Two researchers independently searched for studies. The

database searches were conducted using the following keywords:

“SARS‐Cov‐2,” “novel coronavirus,” “2019‐nCoV,” “COVID‐19,”

“Recurrence,” “Reactivation,” “Re‐positive,” “Relapse,” “Re‐infection,”

“Readmission.” The terms of search strategies were according to

the following keywords: ((“novel coronavirus” OR “2019‐nCov” OR

“COVID‐19” OR “SARS‐Cov‐2” [Mesh])) AND ((Recurr* [Mesh] OR

Recrudescence* OR Relapse*OR Re‐positive*) OR (Reinfect*[Mesh])

OR (Readmission*[Mesh] OR “hospital readmission”)).

2.2 | Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) the studies were published

in English; (2) peer‐reviewed and published articles included desired

indicators and definitions. The exclusion criteria were as follows:

(1) duplicate articles that refer to publishing the same intellectual

material more than once, by the author or publisher and (2) gray

literature such as non‐peer‐reviewed dissertations, government

reports, conference proceedings/papers, statements by professional

organizations, and so forth.

2.3 | Study selection and data collection

We included studies based on PRISMA guidelines for performing the

standard meta‐analysis techniques. After retrieving articles from the

mentioned databases and eliminating duplicate articles, two authors

conducted the screening process and data collection independently

based on inclusion criteria. The following information was extracted

from the selected studies: the first author's name, country of origin,

study design, sample size, age, sex, diagnostic criteria of 2019‐nCoV,

type of index (recurrence, reinfection, readmission), frequency of

indices, time of occurrence from discharge, clinical signs and

symptoms, comorbidity, disease severity, and outcome of disease

(recovered or death).

2.4 | Quality assessment

The quality check process was performed by two reviewers that

assessed the quality of data in included studies. We used the

STROBE checklist to ensure the quality of selected observational

studies. After a full‐text quality assessment of selected studies, stu-

dies with high and medium quality were included in the analyses and

finally, the key findings were extracted.

2.5 | Statistical analysis

The “metaprop” command was used to perform fixed or random‐

effects meta‐analysis in STATA. Random forest was used to show

the results. The between‐study heterogeneity was assessed using a
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χ2‐test‐based Cochran's Q statistic test at p < 0.05 and I2 greater than

50%. A fixed‐effect model was used based on p value ≥ 0.05 or I2

lower than 50%, and a random‐effect model was used based on

p value < 0.05 or I2 greater than 50%, finally pooled estimates in

meta‐analyses were estimated with a 95% confidence interval. In

some studies, the denominator of the fraction could not be extracted

to calculate the frequency of gender in patients. To avoid over-

estimation and to avoid ignoring studies with high sample size, based

on the results of other studies, the average frequency of women with

the COVID‐19 was considered as 47% and calculations of missed

data were made based on this frequency (Table 1). All of the analyses

were conducted with Stata packages (version 14).

3 | RESULTS

After assessing the quality of selected studies, 25 observational

studies were included in the analysis (Figure 1). The majority of

studies were conducted in China. Details of the selected studies and

their characteristics have been shown in Table 1.

TABLE 1 The description of eligible studies reporting the frequency of reinfection, recurrence, and readmission among COVID‐19 patients

Reinfection
Number of patients with
index

Number of confirmed cases
with Positive test

First author Type of study Country Samples Index Total Female Male Total Female Male

Abu‐Raddad,
L. J.

Observational Qatar General population Reinfection 54 7 47 13 326 – –

Panagiota
Caralis

Case report USA General population Reinfection 7 2 5 600 – –

Alyson M.

Cavanaugh

Observational USA Residents of a Skilled

Nursing
Facility (SNF)

Reinfection 5 4 1 12 – –

Aodhán Seán

Breathnach

Observational UK General population Reinfection 8 8 0 10 727 6400 4327

Stefan Pilz Retrospective Austria General population Reinfection 40 25 15 14 840 – –

Hui Zhu Retrospective China General population Recurrence 17 12 5 98 66 32

Jing Lu Observational China General population Recurrence 87 42 45 619 190 200

Maolu Tian Observational China General population Recurrence 20 8 12 147 – –

Jianghong An Observational China General population Recurrence 38 22 16 262 136 126

Sheng‐
Long Chen

Retrospective China General population Recurrence 189 86 103 1282 654 628

Jiazhen Zheng Cohort China General population Recurrence 27 15 12 285 157 128

Bo Yuan Cohort China General population Recurrence 20 13 7 182 98 84

Chao Yang Observational China General population Recurrence 93 57 36 479 – –

Tie‐Jun Shui Retrospective China General population Recurrence 59 30 29 758 362 396

Youjiang Li Observational China General population Readmission 4 2 2 13 7 6

Jie Chen Cohort China General population Readmission 81 51 30 1087 635 452

Eleftheria Atalla Observational USA General population Readmission 19 7 12 279 148 191

Hong Cao Retrospective China General population Readmission 8 5 3 108 – –

I. Yeo Retrospective USA General population Readmission 48 25 23 1062 430 632

Siqin Ye Case series USA General population Readmission 31 12 19 409 164 245

Zhiqi Yang Retrospective China General population Readmission 7 3 4 79 36 44

Uyaroğlu OA Observational Turkey General population Readmission 11 5 6 154 77 77

Chenxi Li Observational China General population Readmission 15 11 4 85 – –

Woo‐Hwi Jeon Observational South Korea General population Readmission 328 158 170 7590 4495 3095

Amy M. Lavery Observational USA General
population/SNF

Readmission 9504 4599 4902 106 543 52 206 54 337
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3.1 | Reinfection

Reinfection with SARS‐Cov‐2 has been reported all over the world. In

definition, “re‐infection” means that a person was infected with

an agent, recovered, and then become infected later. New infection

can be due to a previous infectious agent or becoming infected with a

new variant of the agent.21 According to the CDC's protocol, based

on clinical recovery and discharge criteria, recovered patients should

have at least one negative SARS‐Cov‐2 PCR result. There are two

times for epidemiological and clinical assessment of suspected

reinfection cases: (1) persons with at least one detection of SARS‐

Cov‐2 RNA test, more than 90 days after the first detection of SARS‐

Cov‐2 RNA, whether or not symptoms were present, and (2) persons

with COVID‐19‐like symptoms and detection of SARS‐Cov‐2 RNA

between 45 and 89 days since first SARS‐Cov‐2 infection, with evi-

dence of close‐contacts with a confirmed case and without evidence

of another cause of infections.22 For epidemiological confirmation of

reinfection, viral genotype assays of the first and second specimens

are needed.21

The patients with reinfection ranged in age from 15 to 99 years

old.23–27 According to the reports of COVID‐19 reinfection cases in

studies, most of them were detected based on RT‐PCR test using

nasopharyngeal swab specimens.23–27 However, in other studies, in

addition to the PCR test, chemiluminescent microparticle im-

munoassay for anti‐SARS‐Cov‐2 antibodies was also used.23,25 The

minimum and maximum time of reinfection onset from initial infec-

tion was reported from 45 to 172 days.23,26 But in another study, the

most average time of reinfection onset days from initial infection was

F IGURE 1 Flow diagram for the selection
process of identified articles

TABLE 2 The overall estimation (per
1000 patients) of reinfection, recurrence,
and readmission among recovered
COVID‐19 patients

Parameters
No. of
studies

Estimate
(per 1000) 95% CI

p for
heterogeneity I2 (%)

Overall 5 3 0.8–5 <0.001 92.08

Reinfection Male 5 3.2 0.4–6 <0.001 94

Female 5 2.1 0.3–4 0.001 82.42

Recurrence Overall 9 133 105–160 <0.001 84.17

Male 9 132 96–168 <0.001 79.32

Female 9 149 112–187 <0.001 81.09

Readmission Overall 11 75 54–96 <0.001 97.41

Male 11 70 50–90 <0.001 91.76

Female 11 70 50–100 <0.001 96.92
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reported as 212 days (212 ± 25 days).24 Most of the reinfected pa-

tients were asymptomatic or with mild‐to‐moderate symptoms such

as respiratory or gastrointestinal symptoms that recovered23,25,26 but

in one study hospitalization at the time of reinfection was reported

(about 12%).24 However, according to the results of studies, among

patients with SARS‐Cov‐2 reinfection, only two died, one woman

aged about 80 years after hospitalization due to respiratory failure27

and the other 72‐year‐old woman with a history of rhabdomyolysis

and acute vascular occlusion that the main cause of her death was

not due to a reinfection with SARS‐Cov‐2.24 The underlying diseases

among reinfected patients were not prevalent.23–25 But the most

common were diabetes and immune system deficiencies such as HIV

and the use of immunosuppressive drugs due to certain diseases.26,27

Based on the results of Table 2, the overall prevalence of re-

infection among COVID‐19 patients was 3 (95% CI 0.8–5) per 1000

patients. In these studies, there was heterogeneity in the prevalence

of reinfection (I2 92.08%, p < 0.001) (Figure 2). After assessing the

prevalence of reinfection based on sex groups, it was observed that

in males compared to females, reinfection was more common (3.2 vs.

2.1 per 1000 patients).

3.2 | Recurrence

“Recurrence” or “Recrudescence” or “Relapse” or “Reactivation” is the

manifestation of symptoms after recovery.21 In COVID‐19, based on

the literature, the meaning of recurrence is referred to infection with

the same species and strain of SARS‐Cov‐2 that may occur due to

immunodeficiency of the host.28,29 Based on another literature,

COVID‐19 recurrence is defined as persons with detection of

SARS‐Cov‐2 RNA within 90 days after the first detection of

SARS‐Cov‐2 RNA without evidence of close‐contacts with confirmed

cases.21 In some literature, repositivity of the diagnostic test is

considered similar to the concept of relapse that refers to have a

positive SARS‐Cov‐2 RNA test in an asymptomatic patient up to

90 days following negative test and recovery from the initial

infection. Low viral load can be a feature of repositivity in that such

cases do not seem to play a significant role in disease transmission.21

The patients with COVID‐19 recurrence evidence ranged in age

from 4 to 80 years old.30–38 Most of them were detected based on

RT‐PCR tests using anal or nasopharyngeal swab specimens.30–38 Some

of them were detected using CT scan and chemiluminescent micro-

particle immunoassay for anti‐SARS‐Cov‐2 antibodies, too.30–32,35–38

The minimum and maximum time of recurrence onset from first

discharge were reported from 7 to 47 days with an average of

17.25 days.33 Most of the COVID‐19 recurrent cases were asympto-

matic or with mild‐to‐moderate symptoms that recovered.30–38 In

contrast, in three studies, severe (15%, 4.32%, and 6%) and critical

(10%, 0%, and 2%) recurrent cases were reported,33,34,37 that all of

them have recovered.32 Comorbidity among recurrent cases was pre-

valent31,33–36 that the most prevalent underlying diseases among them

were hypertension, diabetes, chronic respiratory diseases, liver dis-

eases, and cardiovascular diseases.31,33–36 According to Table 2, the

overall prevalence of recurrence among COVID‐19 patients was

133 (95% CI: 105–160) per 1000 patients (Figure 3). In these studies,

there was heterogeneity (I2 84.17%, p < 0.001). The prevalence of

F IGURE 2 Forest plot for the pooled prevalence of reinfection due to SARS‐Cov‐2 among recovered COVID‐19 patients
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recurrence in females compared to males was more common

(149 vs. 132) per 1000 patients.

3.3 | Readmission

Hospital readmission among large groups of COVID‐19 patients from

first discharge has been reported. There is no standard definition to

describe hospital readmission. According to the literature, read-

mission in COVID‐19 was defined as patients with prior hospitali-

zation due to COVID‐19 who were readmitted within 30 days from

the index hospitalization discharge date.39,40 However, in another

study, readmission is defined as rehospitalization within 2 months of

discharge due to COVID‐19 adverse events or other health compli-

cations.41 After discharge, most of the readmission causes were

hypoxic, respiratory distress, thromboembolism, sepsis, psychiatric

disorder, and repositivity of COVID‐19 tests.20,39,40,42 The hospital

readmitted COVID‐19 patients ranged in age from 23 to 90 years

old.20,43,44 Totally, the maximum average time of hospital read-

mission after previous discharge was 17 days (17 ± 6.7 days).44 The

maximum median length of hospital stay due to hospital readmission

was reported as 12 days (median 12 days, interquartile range:

7–17).45 Among readmitted patients, some of them have been

admitted to the ICU.39,41,45 In addition, most of the readmitted

patients recovered,20,40–43,45–47 but some of them died in

hospital.39,48 Most of the readmitted patients had a comorbidity in

that the prevalent diseases among them were hypertension, diabetes,

chronic kidney disease, coronary artery disease, hyperlipidemia, and

obesity.20,39–43,45,46,48 The overall prevalence of readmission after

first discharge among COVID‐19 patients was 75 (95% CI: 54–96)

per 1000 patients. There was heterogeneity in the prevalence of

readmission (I2 97.41%, p < 0.001) (Figure 4). After comparing the

readmission between sex, groups were observed in that readmission

among males and females was the same (70 in 1000 patients)

(Table 2).

4 | DISCUSSION

In this systematic review and meta‐analysis, we have described the

epidemiological characteristics of cases with reinfection, recurrence,

or readmission due to COVID‐19. Of all patients recovering from

COVID‐19 and being discharged, the overall estimation of reinfec-

tion, recurrence, and readmission was 3 (95% CI: 0.8–5), 133 (95% CI:

105– 160), and 75 (95% CI: 54–96) per 1000 patients, respectively.

After comparing the present study's results with the results of past

meta‐analysis studies around the world, it was observed that the

prevalence of these three indicators was very different. For example,

concordant with the current study, the prevalence of reinfection in a

study of Arafkas et al.13 was zero. Also, in a study of Ren et al.,49

F IGURE 3 Forest plot of pooled prevalence of recurrence due to SARS‐Cov‐2 infection among recovered COVID‐19 patients
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repositivity was reported as 12% that the results are similar to the

current study but in a systematic review that Piri et al.50 performed,

the recurrence rate was reported between 2.3% and 21.4%. The

essential question is, whether the reported reinfected, recurrent, and

hospital readmitted cases are really in line with the standard criteria?

Moreover, is it possible that, for some reason, these values are

overestimated or underestimated? Are the reinfected, recurrent, or

readmitted patients are really infected or not? It seems that many

factors need to be considered about the reported indices, especially

in developing countries. One explanation for the difference between

rates of indices in different studies is that diverse periods of time are

considered in the definition of indices by different authors. Given

that the Centers for Disease Control and Prevention (CDC) has

provided criteria for identifying reinfected and recurrent patients,

many researchers have not used standard criteria to describe cases.22

Therefore, one of the essential criteria for case finding is the use of

the standard definition. According to the World Health Organization

(WHO) guidelines, a patient can be discharged from the hospital after

two consecutive negative results at least 24 h apart.51 Due to the

lack of adequate health facilities in hospitals, maybe patients are

discharged from the hospital before full recovery. Some cases may

have a false negative at the time of discharge, or patients may not

have completed discharge criteria. Thus, the mentioned hypotheses

may affect the prevalence of reinfection, recurrence, or hospital

readmission. However, we should not forget that reinfection is

possible because some studies have shown that humoral immunity

weakens over time.52 Determination of recurrent cases can be due to

false negatives, which according to the meta‐analysis of 957 hospi-

talized patients, varies from 2% to 29%.53 The false negative can be

due to the source of the samples, the sampling method, sample

collection, the sensitivity and specificity of the test kit, and the var-

iance of technicians in different labs. Basically, nasopharyngeal swab

specimens are commonly used for RT‐PCR testing. The sampling

operation depends a lot on the operator's experience, and the loca-

tion of the samples may not be accurate.54 In addition, it may be

necessary to consider prolonged shedding of SARS‐Cov‐2 in

asymptomatic or mild cases and recurrence of viral shedding,55 re-

lated to the severity of inflammation and the immune response.56

According to the past reports, data from 68 patients showed that the

duration of viral shedding from sputum samples was significantly

longer (34 days) than pharyngeal swabs (19 days).57 Finally, it should

be noted that to distinguish between reinfected from recurrent cases,

the strain of the virus must be identified.22 In all studies, no evidence

of SARS‐Cov‐2 strain segregation has been reported. Thus, this issue

can affect the estimated rate of reinfection and recurrence.

After comparing the basic characteristics of patients between

indices, the rate of reinfection in females was lower than in males.

In contrast, the rate of recurrence in males was lower than in females.

In addition, the result of the systematic review by Piri et al.50

indicates that among all patients that had a recurrence, 47.7% were

F IGURE 4 Forest plot of pooled prevalence of readmission due to SARS‐Cov‐2 infection among recovered COVID‐19 patients
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male, and the others were female. Also, hospital readmission based

on sex difference was the same. The relationship between COVID‐19

and its complications with gender is complex and can be due to

differences in comorbidities, behavioral factors, workplace, lifestyles,

and biological differences (the difference in immune response due to

hormonal differences) which needs further investigation.58

Based on the current study, most COVID‐19 reinfected, re-

current, and readmitted cases were asymptomatic or were with mild

to moderate symptoms. However, some patients may experience

severe infections in the second episode of the disease. Therefore,

the severity of the disease can vary according to the patient's

health condition, demographic situations, and immune system

development.59,60 In conclusion, information on the prevalence,

risk factors, and probability of reinfection or relapse and hospital

readmission can affect both clinical practice and the healthcare

system. Also, more information about different aspects of COVID‐19

can help to prioritize the health services, healthcare planning,

adequate resource allocation for caring, the importance of having

active surveillance, case finding, and vaccination especially in patients

with comorbidities or considering patients that have a higher risk of

reinfections such as middle‐aged patients and health care workers.

Our study has specific strengths and limitations. One of the

strengths of the current study is that this is the first study that

considers the impact of definitions in the estimates of reinfections in

patients with SARS‐Cov‐2. This can make a better viewpoint in health

care decisions. One important limitation is that only peer‐reviewed

articles in the English language were included in the current study,

which can make a bias in the interpretation of results. Also, all of the

understudied populations in the articles were COVID‐19 patients

who were monitored for indices after hospitalization and discharge.

Thus, mild cases and outpatients during initial infection have not

been studied actively for probable reinfection, recurrence, or hospital

readmission. Therefore, it seems that the results of the current meta‐

analysis can be generalized to inpatients and it cannot depict the

status of the general population.

5 | CONCLUSION

Considering that there is uncertainty about long‐term immunity after

SARS‐Cov‐2 infection, the possibility of reinfection and recurrence

after recovery is not unexpected. In addition, there is a probability of

hospital readmission due to adverse events of COVID‐19 after

discharge. It is better to prevent underestimation or false over-

estimation by active surveillance and case finding, creating proper

definitions, and using high‐accuracy diagnostic tests. Moreover, these

indices should be reported more carefully.
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