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Abstract: Background: The proportion of recurrences after discharge among patients with coronavirus disease 2019 
(COVID-19) was reported to be between 9.1% and 31.0%. Little is known about this issue, however, so we performed 
a meta-analysis to summarize the demographical, clinical, and laboratorial characteristics of non-recurrence and 
recurrence groups. Methods: Comprehensive searches were conducted using eight electronic databases. Data re-
garding the demographic, clinical, and laboratorial characteristics of both recurrence and non-recurrence groups were 
extracted, and quantitative and qualitative analyses were conducted. Results: Ten studies involving 2071 COVID-19 
cases were included in this analysis. The proportion of recurrence cases involving patients with COVID-19 was 
17.65% (between 12.38% and 25.16%) while older patients were more likely to experience recurrence (weighted mean 
difference (WMD)=1.67, range between 0.08 and 3.26). The time from discharge to recurrence was 13.38 d (between 
12.08 and 14.69 d). Patients were categorized as having moderate severity (odds ratio (OR)=2.69, range between 
1.30 and 5.58), while those with clinical symptoms including cough (OR=5.52, range between 3.18 and 9.60), sputum 
production (OR=5.10, range between 2.60 and 9.97), headache (OR=3.57, range between 1.36 and 9.35), and diz-
ziness (OR=3.17, range between 1.12 and 8.96) were more likely to be associated with recurrence. Patients pre-
senting with bilateral pulmonary infiltration and decreased leucocyte, platelet, and CD4+ T counts were at risk of 
COVID-19 recurrence (OR=1.71, range between 1.07 and 2.75; WMD=−1.06, range between −1.55 and −0.57, 
WMD=−40.39, range between −80.20 and −0.48, and WMD=−55.26, range between −105.92 and −4.60, respectively). 
Conclusions: The main factors associated with the recurrence of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) after hospital discharge were older age, moderate severity, bilateral pulmonary infiltration, laboratory 
findings including decreased leucocytes, platelets, and CD4+ T counts, and clinical symptoms including cough, sputum 
production, headache, and dizziness. These factors can be considered warning indicators for the recurrence of 
SARS-CoV-2 and might help the development of specific management strategies. 
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1  Introduction 
 

Subsequent to the first report of coronavirus 
disease 2019 (COVID-19) in December 2019, this 
disease has spread rapidly worldwide (Chen NS et al., 
2020). We know that the clinical spectrum of COVID- 
19 ranges widely from asymptomatic infections to 
death (Zhang et al., 2020). As we have developed a 
deeper understanding of COVID-19, progress has 
been made in treatment. In China, 83 022 cases were 
reported as of June 4, 2020, and 78 319 of these were 
cured and patients were discharged (National Health 
Commission of the People’s Republic of China, 2020). 
According to the World Health Organization’s guide-
lines and scheme of diagnosis and treatment of 
COVID-19 (Trial 7th Edition), patients who meet 
discharge criteria should have at least two consecu-
tive negative nucleic acid test results conducted over 
an interval of at least 24 h (Medical Administration 
and Hospital Authority, 2020; Rothan and Byrareddy, 
2020). The recurrence of a positive severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) RNA 
test result was found in some discharged patients 
(Chen DB et al., 2020; Hoang et al., 2020). This 
phenomenon raises the concern that discharged pa-
tients may be at risk of viral reactivation and should 
be considered potential sources of SARS-CoV-2  
infection. 

The proportion of recurrence cases after dis-
charge among patients with COVID-19 is between 
9.09% and 30.77% (Li YJ et al., 2020; Xiao et al., 
2020; Ye et al., 2020). The short inter-episode period 
from discharge to first recurrence was 5 d in these 
cases (Yuan et al., 2020). The reasons why SARS- 
CoV-2 RNA has been re-detected in some discharged 
patients remain unclear. A number of studies have 
explored the factors involved in this phenomenon. 
Zhuo et al. (2020) reported that fever on admission is 
as an independent risk factor that can be used to pre-
dict recurrence outcome. A number of demographical 
and clinical factors including age, body mass index 
(BMI), and low levels of some blood parameters have 
been found to be driving forces in a recurrence pre-
diction model (Huang et al., 2020). Data show that 
specific characteristics exhibit substantial differences 
between non-recurrence and recurrence groups (Jiang 
et al., 2020). We therefore performed a systematic 
review and meta-analysis to summarize data on de-

mographic characteristics, clinical features, and labora-
tory findings in non-recurrence and recurrence groups 
as well as to explore critical factors associated with 
COVID-19 recurrence. These might provide more 
evidence for implementing preventive and controlla-
ble strategies for recurrence cases. 

 
 

2  Methods 

2.1  Search strategy and selection criteria 

Studies published between May 1st, 2020 and 
May 29th, 2020 were comprehensively interrogated 
via the Web of Science, PubMed, medRxiv, bioRxiv, 
China National Knowledge Infrastructure (CNKI), 
SinoMed, VIP, and Wangfang databases. Search terms 
were “COVID-19,” “2019-nCoV,” “SARS-CoV-2,” 
“severe acute respiratory syndrome coronavirus 2,” 
“recurrence,” “reinfection,” “reactivation,” “re-positive,” 
and related terms. Details are presented in Table S1. 

2.2  Inclusion and exclusion criteria 

The inclusion criteria used in this analysis were: 
(1) negative on two consecutive reverse transcriptase- 
polymerase chain reaction (RT-PCR) tests at least  
24 h apart before being discharged and later presented 
with recurrence of SARS-CoV-2; (2) recurrence of 
SARS-CoV-2 among patients with COVID-19 as 
confirmed using RT-PCR; (3) studies with sufficient 
data to describe epidemiological and clinical charac-
teristics of both recurrence and non-recurrence cases. 

The exclusion criteria used in this analysis were: 
(1) studies with recurrence cases only; (2) duplicated 
publication data; (3) studies missing key data; (4) case 
reports, reviews, and studies lacking original data. 

2.3  Data extraction and quality assessment 

The following information was extracted from 
each study: first author, title, journal name, publica-
tion date, study periods, regions, sample size, de-
mographic data (e.g., gender, age), chronic medical 
conditions (e.g., comorbidities, smoking history), clini-
cal features (e.g., fever, headache), laboratory results 
(e.g., leukocytes, neutrophils), and radiographical 
features (e.g., ground-glass opacity, bilateral pulmo-
nary infiltration). Three components, including selec-
tion, comparability, and exposure or outcome, were 
assessed for each study using the Newcastle-Ottawa 
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Scale (Jaiswal et al., 2018; Xu and Lu, 2019). This 
consisted of eight items with a full score of nine stars 
(Stang, 2010). EndNote (Version X9) was used to 
manage the articles and citations. 

2.4  Statistical analysis 

The online tool developed by Luo et al. (2018) 
was used to convert median and interquartile range 
(IQR)/range to mean and standard deviation for con-
tinuous variables. Statistical differences between 
continuous variables were then evaluated using the 
weighted mean difference (WMD) and a 95% confi-
dence interval (95% CI), while the odds ratio (OR) 
and its 95% CI were calculated to estimate whether, 
or not, categorical variables increased the risk of 
SARS-CoV-2 recurrence. Heterogeneity amongst 
each study was then assessed using I2; thus, when 
I2>50%, a random-effect model was chosen, other-
wise a fixed effect model was used (Ades et al., 2005). 
Potential publication bias was appraised using a 
funnel plot and Egger weighted regression (Peters  
et al., 2006). The software R (Version 3.2.3) was used 
for data clearing and analyses. 

 
 

3  Results 

3.1  Search results 

A total of 999 records were identified via a da-
tabase search. Titles and abstracts of 481 published 
studies were then screened after discarding duplicates 
and 56 articles were selected for detailed assessment. 
Subsequent to applying exclusion criteria, 10 studies 
consisting of 1803 non-recurrence and 268 recurrence 
cases were included in a meta-analysis (Fig. 1). De-
tails are presented in Table 1. 

3.2  Demographical and time interval features of 
recurrence cases 

The overall proportion of recurrence cases of 
SARS-CoV-2 among the patients with COVID-19 
was 17.65% (95% CI: range between 12.38% and 
25.16%; Figs. S1 and 2). Patients in recurrence cases 
were found to be older than those in non-recurrence 
cases (WMD=1.67, 95% CI: range between 0.08 and 
3.26), Data show that BMI was lower in recurrence 
than in non-recurrence cases (WMD=−1.20, 95% CI: 
range between −2.05 and −0.35). No statistical dif-

ferences were seen in the time from onset to negative 
SARS-CoV-2 RNA test results between recurrence 
and non-recurrence groups. The time from discharge 
to recurrence of SARS-CoV-2 was 13.38 d (95% CI: 
range between 12.08 and 14.69 d; Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3  Clinical data on recurrence cases 

Patients were categorized as having moderate 
severity conditions (OR=2.69, 95% CI: range between 
1.30 and 5.58) while those with clinical symptoms 
including cough (OR=5.52, 95% CI: range between 
3.18 and 9.60), sputum production (OR=5.10, 95% CI: 
range between 2.61 and 9.97), headache (OR=3.57, 
95% CI: range between 1.36 and 9.35), and dizziness 
(OR=3.17, 95% CI: range between 1.12 and 8.96) 
were more likely to experience recurrence. Patients 
who presented with bilateral pulmonary infiltration 
were also at risk of recurrence (OR=1.71, 95% CI: 
range between 1.07 and 2.75; Figs. S2a and 3a). La-
boratory findings show that leucocytes (WMD=−1.06, 
95% CI: range between −1.55 and −0.57), platelets 
(WMD=−40.39, 95% CI: range between −80.20 and 
−0.48), and CD4+ T (WMD=−55.26, 95% CI: range 

Fig. 1  Flow diagram of the study selection process for 
meta-analysis 
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between −105.92 and −4.60) all decreased in recur-
rence cases (Figs. S2b and 3b). The publication bias 
of the recurrence case proportion among the COVID- 
19 patients was illustrated in Fig. S3. 

 
 
4  Discussion 
 

Subsequent to the outbreak of SARS in 2002 and 
Middle East respiratory syndrome (MERS) in 2012,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

coronavirus (CoV) transmission between animals and 
humans has been confirmed (Cauchemez et al., 2013; 
Cui et al., 2019). This is important because as CoVs are 
an emerging infectious agent, a number of notable 
studies have been conducted to explore the biological, 
epidemiological, and clinical characteristics of the 
new CoV (Khose et al., 2020; Li TS et al., 2020; 
Radzikowska et al., 2020). Throughout the early 
COVID-19 epidemic, the recurrence of positive SARS- 
CoV-2 RNA test results after hospital discharge  

Table 1  Studies and characteristics of COVID-19 patients included in this meta-analysis 

Study  Journal name  Study period (year-month-day)  Region  Sample size  Quality 

Chen J et al., 2020  Aging  2020/02/24–2020/04/15  Wuhan, China  1067  6 

Jiang et al., 2020  Journal of Infection  2020/01/28–2020/03/13  Henan, China  35  4 

An et al., 2020  Annals of Translational 
Medicine 

2020/01/23–2020/02/25  Guangdong, China  242  6 

Zhuo et al., 2020  The Journal of Practical 
Medicine 

2020/01/23–2020/03/03  Guangdong, China  34  5 

Li Q et al., 2020  Chongqing Medicine  2020/01/18–2020/03/15  Chongqing, China  20  6 

Wong et al., 2020  Journal of Medical Virology  2020/01/01–2020/04/12  Darussalam, Brunei  106  6 

Huang et al., 2020  medRxiv  2020/01/11–2020/04/23  Shenzhen, China  414  6 

Hu et al., 2020  JAMA Network Open  2020/01/25–2020/02/26  Guizhou, China  69  6 

Zhao et al., 2020  Clinical Pediatrics  2020/01/21–2020/04/18  Beijing, China  14  5 

Xiao et al., 2020  Journal of Medical Virology  2020/01/21–2020/02/12  Wuhan, China  70  6 

 

Table 2  WMD and 95% CI of demographical and time interval between recurrence and non-recurrence of 
COVID-19 patients 

Demographical and time interval Number of studies WMD/OR (95% CI) Heterogeneity, I2 (%) 

Age (year) 8 1.67 (0.08, 3.26) 0 

BMI (kg/m2) 2 −1.20 (−2.05, −0.35) 0 

Time from onset to RNA negative (d) 4 2.32 (−3.61, 8.25) 92.10 

Time from discharge to recurrence (d) 2 13.38 (12.08, 14.69) 0 

WMD, weighted mean difference; CI, confidence interval; OR, odds ratio; BMI, body mass index 

Fig. 2  Overall proportion of recurrence cases among the COVID-19 patients 
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appeared in at least seven provinces in China while 
approximately 14% of discharged patients in Guang-
dong Province experienced recurrences (Li and Huang, 
2020). A comprehensive understanding of this phe-
nomenon is lacking, however.  

Patient outcomes are often influenced by nu-
merous factors. The proportion of recurrence cases 
among patients with COVID-19 was 17.65% while 
the median time between discharge and the recur-
rence of a positive SARS-CoV-2 RNA test result was 
13.38 d. In order to detect recurrence cases early, the 
diagnosis and treatment of COVID-19 (Trial 7th 
Edition) should follow a revised management strategy 
of the discharged patient from “should continue 14 d 
self-health condition monitoring” to “continue 14 d 
isolation management and health condition monitor-
ing” (Li and Huang, 2020). Results show that older 
aged people are at higher risk of positive SARS- 
CoV-2 RNA recurrence. Previous research has shown 
that older people are more likely to develop severe 
COVID-19 and even die (Wu and McGoogan, 2020). 
Thus, due to poor self-health status, lower immunity, 
and chronic medical conditions, older patients have 
relatively weak virus clearance rates and tolerance, 
and may lead to recurrence. Moderate severity cases 
easily developed into recurrence cases, a conclusion 
supported by previous work (Xiao et al., 2020). Data 
show statistical differences between cough and spu-
tum production both recurred and did not in the study 
of Huang et al. (2020). These cases are associated  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

with a higher risk of recurrence. Headaches and dizzi-
ness are the most common neurological manifestations 
associated with COVID-19; however, detailed mecha-
nisms have yet not to be reported and so further re-
search is needed (Ahmad and Rathore, 2020). Inte-
grated into larger-scale sample sizes from each re-
search, headaches and dizziness were also associated 
with recurrence. Thus, in the study of Chen J et al. 
(2020), elevated interleukin-6 (IL-6) levels and in-
creased lymphocytes were also shown to be risk fac-
tors associated with recurrence. In our study, patients 
with bilateral pulmonary infiltration and decreased 
leucocyte, platelet, and CD4+ T counts were more 
likely to experience recurrence. Indeed, in multivariate 
regression analysis, patients who presented with bi-
lateral pulmonary infiltration turned out to be at serve 
recurrence risk for positive SARS-CoV-2 RNA. Chen 
J et al. (2020) assumed that these results may be at-
tributed to potentially undetectable amount of SARS- 
CoV-2 which persists in respiratory epithelia during 
patient recovery. SARS-CoV-2 infection can also lead 
to a severe dysfunctional immune response (Hui et al., 
2020). Studies have also shown that patients with 
abnormal, over-activated immunity and “cytokine 
storms,” characterized as immune cell infiltration and 
elevated pro-inflammatory cytokine release, are also 
at high risk (Liu S et al., 2020; Song et al., 2020). 
Immune cells such as white blood cells enable the 
body to defend itself against external infections and 
play an important role in response to viruses (Liu W 

Fig. 3  Clinical characteristic and laboratory findings associated with recurrence cases 
OR, odds ratio; CI, confidence interval; WMD, weighted mean difference 
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et al., 2020). Guo et al. (2019) previously reported 
that CD3+ T, CD3+CD4+ T, and CD3+CD8+ T cells 
significantly decreased in fatal COVID-19 cases (Guo 
et al., 2019; Zhou et al., 2020). Over-activated T and 
T-cell inhibitory factor expression may also lead to 
decreased T cell exhaustion (Altmann and Boyton, 
2020; Bellesi et al., 2020; Remy et al., 2020). De-
creased cellular immune function might also lead to 
incomplete virus clearance and recurrences. Indeed, 
in study of Lippi et al. (2020), a lower platelet count 
was significantly correlated with severe COVID-19 
and death cases while thrombocytopenia in COVID-19 
implies serious organ malfunction or physiologic de-
compensation. The progression of COVID-19 pro-
motes the activation of platelets and alters their func-
tion, which means that SARS-CoV-2 interacts with 
platelets during the infection process (Hottz et al., 
2020). These results may explain the lower platelet 
count, also found in recurrence cases. 

Several other possible factors could also induce 
a SARS-CoV-2 recurrence. Firstly, false-negative 
RT-PCR results are due to sample sources, sampling 
procedures, and sensitivity/specificity of a test kit 
(Yang et al., 2020). Secondly, SARS-CoV-2 RNA 
shed in feces from at least two weeks to more than one 
month, and up to a maximum of 83 d has also been 
reported (Cai et al., 2020; Li N et al., 2020). Thirdly, 
when the body is infected with a virus, a specific 
antibody is produced and therefore a body will have a 
certain period of protection against secondary infec-
tions. It remains unknown whether, or not, recovered 
patients will be immune when exposed again to the 
virus. 

 
 

5  Conclusions 
 
A total of 1803 cases of non-recurrence as well 

as 268 recurrences were included in this study to 
analyze the factors contributing to SARS-CoV-2 reap-
pearances. Older age, moderately severe cases, and 
clinical manifestations including cough, sputum 
production, headache, and dizziness are all recurrence 
risk factors. Radiographic signs and laboratory find-
ings including bilateral pulmonary infiltration as well 
as decreased numbers of leucocytes, platelets, and 
CD4+ T cells are more likely associated with SARS- 
CoV-2 recurrences. These factors should be consid-

ered as early warning signs for recurrence. It is there-
fore necessary to self-quarantine for 14 d after dis-
charge, while process management from diagnosis, 
isolation, and treatment to discharge requires strict 
control. 
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中文概要 
 
题 目：新型冠状病毒肺炎患者出院后 SARS-CoV-2 复阳

的危险因素：系统评价和 meta 分析 

概 要：通过检索筛选到 10 项涉及 2071 例新型冠状病毒

肺炎（COVID-19）患者出院后复查严重急性呼

吸综合征冠状病毒 2 型（SARS-CoV-2）核酸检

测的研究，总结其流行病学、临床症状和辅助检

查特征。COVID-19 患者出院后病毒检测复阳病

例占比为 17.65%，而年龄较大的患者更有可能病

毒复阳，临床症状合并咳嗽、咳痰、头晕症状的

患者有 SARS-CoV-2 复阳的风险。此外，辅助检

查结果呈双侧肺浸润且白细胞、血小板和 CD4+ T

计数降低的患者有 SARS-CoV-2 病毒复阳的风

险。这些因素可以被视为 SARS-CoV-2 复阳的预

警指标，并可能有助于临床制定个体化管理策

略。 

关键词：复阳病例；严重急性呼吸综合征冠状病毒 2 型

（SARS-CoV-2）；危险因素；meta 分析 
 


