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Introduction

Coronavirus disease 2019 (COVID-19) becomes a global 
pandemic and is caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) (1). At present, it 
is believed that SARS-CoV-2 belongs to the β-coronavirus 
genus (2). The clinical manifestations of COVID-19 
patients mainly involved the fever, fatigue, and dry cough. A 
few patients develop the symptoms such as nasal congestion, 
runny nose, sore throat, muscle aches and diarrhea. 
Severe cases often progress rapidly to acute respiratory 
distress syndrome, septic shock, metabolic acidosis, and 
coagulopathy (3). The elderly, male, smokers and those with 
chronic underlying diseases have a poor prognosis (4).

Currently in China, as long as the COVID-19 patients 
meet the following conditions, they can be discharged 
for observation: (I) the body temperature is normal for 
more than three days; (II) the respiratory symptoms are 
significantly improved; (III) the lung imaging shows that 
the acute exudation lesions are significantly improved; (IV) 
twice consecutive sputum and throat swabs of the above 
patients were negative for viral nucleic acid (at least 24 hours  
apart) (5). However, there are reports in the literature that 
patients have a positive viral nucleic acid test during follow-
up after discharge (6,7). The research showed that Chinese 
males were more susceptible to SARS-CoV-2 infection 
than females (8) and there are different symptoms between 
the males and females (9). Moreover, gender differences 
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are the most common patient information in clinical work. 
Therefore, we wondered whether there were gender 
differences in recurrent PCR positivity in COVID-19 
patients and conducted a meta-analysis of recurrent PCR 
positivity in COVID-19 patients between different genders. 
We present the following article in accordance with the 
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/aoi-20-10).

Methods

Research strategy

On June 4, 2020, we searched English databases, such as 
Pubmed, Embase, Cochrane Library, and Web of Science, 
and Chinese databases, such as China National Knowledge 
Infrastructure Database, Wanfang Data, Traditional 
Chinese Medicine Database, and VIP Database, by using 
keywords such as "covid 19 virus", "severe acute respiratory 
syndrome coronavirus 2", "SARS COV 2", "severe acute 
respiratory syndrome coronavirus 2", "COVID-19", 
"relapse" and "recurrent". The process and results of the 
literature search are shown in Figure 1.

Study selection

The Inclusion criteria in this study included the following 
requirements: (I) the studies’ design must conform to case 
inclusion and rationality; (II) the study type should be 
case-control study Cohort studies; (III) the research topic 
should cover the recurrent PCR positivity in COVID-19 
patients; (IV) the reported data of eligible studies should 
include the total number of males and the total number 
of females come from recurrent group and non- recurrent 
separately.

Exclusion criteria included the following requirements: 
(I) duplicate publications; (II) literature review; (III) 
pieces of literature in the same area in the same year; (IV) 
the definition of related diseases given in the article is 
ambiguous; (V) non-Chinese or English literature.

Two reviewers (Wang, Ren) reviewed the main title and 
abstract separately and independently to select potential 
full-text articles for further review based on inclusion 
and exclusion criteria. When the title and abstract were 
not rejected by either reviewer, the two reviewers (Wang, 
Ren) separately and independently read the full text of 
the included literature and carefully checked whether the 
included article met the exclusion criteria. The inclusion or 

exclusion of each study was determined by discussion and 
consensus between the two reviewers.

Data extraction

The data were extracted by two reviewers (Wang, Ren), 
and the results were checked after the relevant data were 
extracted. The differences were resolved through discussion, 
and a consensus was reached among the two reviewers. The 
two reviewers (Wang, Ren) observed the included case-
control and cohort studies and designed a table for data 
extraction using Excel. The extracted data included the first 
author, year of publication, type of study, patient source, 
and patient sample size.

Quality assessment

We excluded irrelevant literature by reading the title of 
the article, eliminating duplicate published clinical studies, 
and reading the full text to find documents that met the 
inclusion criteria. The two reviewers then evaluated the 
quality of each study that met the inclusion criteria using 
the Newcastle-Ottawa scale (NOS).

Meta analyses

Meta-analysis was performed using Stata15 software. Q 
test and I2 analyses were used to evaluate the heterogeneity 
between the included studies. When P>0.1 and I2<50%, 
it indicated that there was no statistical heterogeneity in 
each study, and the data was analyzed using the fixed effect 
model; otherwise, we used the random effect model to 
analyze the data. Funnel chart analysis was used to identify 
the presence of publication bias.

Results

Literature search

After searching the literature, there were a total of 447 
related articles from the electronic database. After removing 
the duplicate literature, 45 of these articles were excluded. 
After completing a preliminary screening by reviewing the 
titles and abstracts, 382 articles were excluded. After further 
reading the full text, eventually, the remaining 4 studies 
were included in further meta-analyses. Details of full-
text screening and study selection process are illustrated in 
Figure 1.
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Basic characteristics and quality evaluation

A total of 4 articles (10-13) were included in this study. All 
patients were laboratory confirmed as COVID-19 patients. 
The specific basic characteristics are shown in Table 1. We 
used the NOS scale to rate the literature we included. The 
star ratings of the included literature were all greater than 6 
stars, which met the basic conditions for our meta-analysis. 
The specific star rating by the NOS scale is shown in Table 1.

Gender differences

Analysis of the gender differences included a total of 4 
works of literature. After heterogeneity testing (Figure 2), 
we obtained I2=0% and P>0.1, indicating that there was 
almost no heterogeneity in the combined literature. Using 
the fixed effect model, we found the OR=1.418 (95% CI 
0.657 to 3.061; P=0.373), indicating no statistical differences 
in the distribution of sex between recurrent group and non-

Figure 1 Flow diagram of the search and review process.
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Table 1 Summary and evaluation of included literature

ID Author Year Type Case sample source
Recurrent group Non-recurrent NOS

Males Females Males Females Selection Comparability Outcome Scores

No. 1 You 2020 Cohort study Zhejiang Province 2 1 0 4 ☆☆☆ ☆☆ ☆☆ 7☆

No. 2 Hu 2020 Case-control 
study

Guizhou Province 7 4 28 30 ☆☆☆ ☆☆ ☆☆☆ 8☆

No. 3 Zhou 2020 Case-control 
study

Guangdong Province 3 3 15 12 ☆☆☆ ☆☆ ☆☆☆ 8☆

No. 4 Tian 2020 Cohort study Beijing 8 5 32 20 ☆☆☆ ☆☆ ☆☆☆ 8☆

NOS, Newcastle-Ottawa scale.
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recurrent (Figure 2). The funnel plot for this study was 
symmetrical (Figure 3).

Discussion

As mentioned in the literature, COVID-19 is an emerging 
disease that has features of high infectivity and high 
mortality (14,15). More and more literature confirmed 
the existence of COVID-19 patients with recurrent PCR 
positivity. Therefore, research on the recurrent PCR 
positivity of COVID-19 patients is fundamental to manage 
the disease.

Gender differences showed different susceptibility to 
multiple viral infections. According to Vidal’s (16) research 
results, compared with males, females were a high-risk 
group of Chikungunya virus, but it was not clear whether 
this phenomenon was caused by immune response, genetics, 
lifestyle or environmental factors. As for the epidemiology 
aspect of COVID-19, Wu et al. (17) summarized the clinical 
data of 72314 COVID-19 patients and found that Chinese 
males were more susceptible to SARS-CoV-2 infection than 
females. The meta-analysis conducted by Li (8) confirmed 
these studies. As for symptoms of COVID-19, Radosław 
et al. (9) found that in non-hospitalized COVID-19 
patients, there were gender differences in the frequency of 
gastrointestinal symptoms, olfactory and taste disorders. 
Based on the available data, older male adults and people 
of any age who have chronic underlying morbidities might 
be at higher risk for severe illness and fatal outcome from 
COVID-19 (18). However, from our meta-analysis studies 
basing on the existing literature, gender differences did not 
play a corresponding role in the recurrent PCR positivity of 
COVID-19 patients, which means gender differences may 
not be the reason for the recurrent PCR positivity and there 
may be other causes.

The current research considered that differences 
between males and females in the severity of COVID-19 
disease might be related to angiotensin-converting enzyme 
2 (ACE2). ACE2 is related to physiopathology of SARS-
CoV-2, and Zhou et al. (19) found that the expression of 

Figure 2 Forest plot related to gender differences.

Figure 3 Funnel plot related to gender differences.
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ACE2 of different species in HeLa cells could lead to the 
infection and replication of SARS-CoV-2, thus directly 
indicating that SARS-CoV-2 used the ACE2 as the 
receptor to invade host cells. Interestingly, ACE2 is widely 
distributed in different organs and may show differences in 
different ages and sexes (18). As risk factors of COVID-19, 
smoking could be a risk factor of COVID-19 disease 
and it is related to higher expression of ACE2 (20). The 
distribution and content of ACE2 in different genders are 
different, which seems to explain the gender difference 
of COVID-19. However, from our meta-analysis studies 
basing on the existing literature, gender differences did not 
play a corresponding role in the recurrent PCR positivity 
of COVID-19 patients, which means the distribution and 
content of ACE2 have nothing with the recurrent PCR 
positivity of COVID-19 patients. Zheng et al. (21) carried 
out the study to show the many recurrent PCR positivity of 
COVID-19 patients were in asymptomatic condition. Our 
study’s results seen to explain this phenomenon according 
to the above findings.

At present, the reasons for recurrent PCR positivity 
of COVID-19 are attributed to two aspects. On the one 
hand, the study found that some patients who appeared 
recurrent PCR positivity had more severe symptoms 
than before, and it could be ruled out the relapse of the 
disease (22). On the other hand, due to reasons such as the 
medical environment, we speculated the patient’s nucleic 
acid test before the discharge might be false negative. We 
have always been unclear about the difference between 
two occasions when the patient’s virus nucleic acid tested 
positive again after being discharged from the hospital, but 
our research suggested that the distribution and content of 
ACE-2 had nothing to do with the recurrent PCR positivity 
and ACE-2 was related to severe of the COVID-19, which 
means patients may be in a condition of long-term PCR 
positivity rather than recurrent PCR positivity.

Due to the limited information in the included studies, 
the impact of gender differences on recurrent PCR 
positivity of COVID-19 patients cannot be fully evaluated, 
which is limiting this study. We need more relevant 
literature for further meta-analysis so that more conclusions 
can be confirmed and corrected.
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