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Abstract 

Objectives: The epidemiological and clinical characteristics of patients with coronavirus disease 2019 
(COVID-19) have been researched. However, the prevalence of repositivity by real-time PCR for severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) remains unclear. 
Methods: A retrospective study was conducted involving 599 discharged patients with COVID-19 in a 
single medical centre. The clinical features of patients during their hospitalization and 14-day post- 
discharge quarantine were collected. 
Results: A total of 122 patients (20.4%) out of 599 patients retested positive after discharge. Specifically, 
94 (15.7%) retested positive within 24 h of discharge, and another 28 patients (4.7%) were repositive on 
day 7 after discharge, although none showed any clinical symptomatic recurrence. Both repositives and 
non‑repositives have similar patterns of IgG and IgM. Notably, the length of hospitalization of 
non-repositive patients was longer than that of 24-h repositive patients and 7-day repositive patients. In 
addition, the length of hospitalization of 24-h repositive patients was shorter than that of 7-day repositive 
patients, indicating that the length of hospitalization was also a determinant of viral shedding. 
Conclusion: Our study provides further information for improving the management of recovered and 
discharged patients, and further studies should be performed to elucidate the infectiveness of individuals 
with prolonged or RNA repositivity. 
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Introduction 
Coronavirus disease 2019 (COVID-19) is an 

emerging acute respiratory infectious disease caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) and has spread worldwide [1]. 
COVID-19 is a highly infectious disease that has been 
announced by the World Health Organization (WHO) 
as having reached pandemic status [2]. The main 
clinical manifestations are fever, cough and fatigue; 
the degree of infection ranges from asymptomatic, 
mild, and moderate to death [3, 4]. As of Mar 22, 2021, 
more than 716,000 deaths and 123,287,000 confirmed 
positive cases have been reported worldwide. 

With global efforts, the number of cured patients 
has increased. The COVID-19 pandemic is becoming 
complex and difficult to control in terms of both 

morbidity and mortality rates. The pandemic is 
epidemic in most countries worldwide, even 
developed countries with modern and advanced 
medical systems. Some developing countries, such as 
Brazil and India, are facing an increasing number of 
cases without a decreasing trend since the first case. 
Moreover, increasing problems have occurred in the 
follow-up and re-examination of recovered patients 
after discharge. 

Currently, most researchers are focusing on the 
epidemiological characteristics of COVID-19 patients, 
as well as the clinical manifestations and efficacy 
outcomes. However, limited studies have been 
conducted on patients who have recovered and been 
discharged, which has significantly affected our 
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complete understanding of the disease. The 
phenomenon of repositive real-time reverse 
transcription polymerase chain reaction (RT-PCR) 
results of SARS-CoV-2 in recovered patients has 
occurred recently [5, 6]. From July 15, 2020, Urumqi 
had a COVID-19 pandemic after 149 days without 
new cases. In this research, we retrospectively 
analysed the clinical data and laboratory 
characteristics of 599 discharged patients with 
COVID-19 from Xinjiang Uygur Autonomous Region, 
which is in the northwest part of China, and observed 
that a certain number of discharged patients showed 
repositive RT-PCR results. Our study will provide a 
reference for the management and follow-up of the 
COVID-19 pandemic. 

Methods 
Patients 

This retrospective study was conducted at the 
Sixth Affiliated Hospital of Xinjiang Medical 
University, China. Patients infected with COVID-19 
were divided into severe and non-severe (mild and 
moderate) groups according to the guidelines for 
“Diagnosis and Treatment of Pneumonia Caused by 
Novel Coronavirus (Trial Version 7)” [7]. Briefly, the 
severe patients were individuals who met any of the 
following criteria: respiratory failure and requiring 
mechanical ventilation; shock; or with other organ 
failure that requires ICU care. Non-severe patients 
were the other COVID-19 patients. All non-severe 
patients hospitalized in the Sixth Affiliated Hospital 
of Xinjiang Medical University were enrolled from 
July 15, 2020, when Urumqi started to have a 
COVID-19 pandemic, to Oct 22, 2020, with the 
approval of the Ethics Committee of the Sixth 
Affiliated Hospital of Xinjiang Medical University 
(No. LFYLLSC20210107-01). After written informed 
consent was obtained from each patient, a total of 599 
identified Chinese COVID-19 patients who met the 
discharge criteria were recruited. The discharge 
criteria were as follows: (1) body temperature below 
37 °C, lasting for at least three consecutive days; (2) 
resolved respiratory symptoms; (3) obvious 
amelioration on computed tomography (CT) images; 
and (4) two consecutive negative real-time PCR test 
results of nasopharyngeal swabs > 24 h apart [7]. 
According to the local policy, all the discharged 
patients were asked to stay in the medical isolation 
centre for an additional 14 days (a single room for 
every patient) to avoid cross-infection. 

Real-time PCR examination 
The results of this study were analysed and 

reported in accordance with the STROBE guidelines 
[8]. The real-time PCR test was performed as 

previously described with modification [9, 10], and 
was based on the criteria provided by the World 
Health Organization (WHO) [11]. Nasopharyngeal 
swabs were taken on the 1st, 7th and 14th days of 
medical isolation observation. Repositive patients 
were tested every day until turn to negative for 
consecutive two days during medical isolation. 

The nucleic acid kit, Daan novel coronavirus 
nucleic acid detection kit (real-time PCR kit, Da An 
Gene Co., Ltd. of Sun Yat-sen University, China) was 
recommended by the Chinese Center for Disease 
Control and Prevention (CDC), and extraction of 
nucleic acids from clinical samples (including 
negative controls) was performed as described by the 
manufacturer. To ensure that the real-time PCR 
results were accurate, the same sample was also 
checked using another nucleic acid kit, Liferiver novel 
coronavirus nucleic acid detection kit, following the 
instructions of the manufacturer (Shanghai ZJ 
Bio-Tech Co., Ltd., China). The limit of detection was 
defined as the lowest concentration level that can be 
detected with a specified kit. The limit of detection 
according to the manufacturer of each kit was 500 
copies/mL for the Daan kit and 1000 copies/mL for 
the Liferiver kit. According to a previous study, these 
two nucleic acid detection kits have similar quality. 
The sensitivity was 100% for the Daan kit and 90% for 
the Liferiver kit. The specificity was 100% for both of 
these kits [12]. 

Two target genes of SARS-CoV-2, including 
open reading frame 1ab (ORF1ab) and nucleocapsid 
protein (N), were simultaneously amplified and 
tested using the real-time PCR assay. Any of the 
positive results for ORF1ab or N were determined to 
be positive. Target 1 (ORF1ab): forward primer: 
5’-CCCTGTGGGTTTTACACTTAA-3’; reverse 
primer: 5’-ACGATTGTGCATCAGCTGA-3’; probe: 
5′-VIC-CCGTCTGCGGTATGTGGAAAGGTTATGG-
BHQ1-3′. Target 2 (N): forward primer: 5’-GGGGAAC 
TTCTCCTGCTAGAAT-3’; reverse primer: 5’-CAGAC 
ATTTTGCTCTCAAGCTG-3’; probe: 5′-FAM-TTGCT 
GCTGCTTGACAGATT-TAMRA-3′. A cycle threshold 
value (Ct-value) less than 37 was defined as positive, 
and a Ct-value no less than 40 was defined as 
negative. Weakly positive was defined as 37 ≤ Ct < 40, 
and this value was further confirmed by retesting. A 
positive result was reported if a Ct-value ≤ 40 was 
reported from the retest on the next day. If the results 
of the Daan kit and the Liferiver kit were discordant, a 
positive result for either the Daan kit or the Liferiver 
kit was reported as positive, while a negative result 
for both the Daan kit and the Liferiver kit was deemed 
negative. 
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Antibody detection 
Antibody detection was carried out on the first 

day after discharge. IgG and IgM were tested using 
the SARS-CoV-2 testing kit (AutoLumoA2000Plus, 
Autobio Diagnostics Co. Ltd., China) based on the 
chemiluminescence method, targeting the SARS-CoV- 
2 spike antigen. All tests were performed according to 
the manufacturer’s instructions. According to the 
manufacturer’s instructions, the IgG sensitivity and 
specificity were 93.3% and 98.8%, respectively, and 
the IgM sensitivity and specificity were 50.0% and 
100%, respectively. 

Data collection 
Data on demographic and clinical characteristics 

and course of disease were extracted. Symptoms of 
the observed subjects in and out of the medical 
isolation centre and comprehensive intervention were 
also recorded. If the relevant information was 
missing, we directly contacted the patient’s family. 

Statistical analysis 
Numerical variables were summarized as 

median with interquartile range (IQR). The 
categorical variables are described as counts and 
percentages. The Pearson chi-square (χ2) test was used 
to compare the frequency distribution of categorical 
variables. The Mann-Whitney U test or Kruskal- 
Wallis test was used to compare the difference among 
different groups as previously used [13]. The 
statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS Inc., Chicago, IL, 
USA) Version 20. A p-value <0.05 was considered 
statistically significant. 

Results 
Demographic and clinical characteristics 

A total of 599 identified COVID-19 patients 
recovered and were discharged. Four hundred forty- 
nine patients (75.0%) were Uyghur individuals, and 
106 patients (17.7%) were Han Chinese individuals. 
The median age of the patients was 34.0 (IQR 
22.0-48.0) years. Two hundred and sixty-eight (44.7%) 
patients were males, and 331 (55.3%) were females. 
Since the National Health Commission of China 
recommended the Lian-Hua Qing-Wen Granule, a 
traditional Chinese medicine, as a therapeutic drug in 
the guidelines for the treatment of COVID-19 [7], all 
patients were prescribed the Lian-Hua Qing-Wen 
Granule after diagnosis. Nonsteroidal anti- 
inflammatory drugs, such as ibuprofen and 
acetaminophen, were only used in patients whose 
body temperatures were over 38.0 °C. No other 
medications were given. The median length of 

hospitalization of the 599 patients was 34.0 (IQR 
15.0-34.0) days. The demographic characteristics are 
shown in Table 1. 

 

Table 1. Clinical features of the patients enrolled in the study 

 Number Age (years) 
(median, IQR) 

Male: 
Female 

Length of 
hospitalization 
(days) (median, 
IQR) 

Days of turn 
to negativea 
(median, 
IQR) 

Total 
patients 

599 34.0 (22.0-48.0) 268:331 34.0 (15.0-34.0) - 

24-h 
repositive 

94 33.0 (24.0-47.0) 39:55 16.0 (14.0-19.0) 4.0 (3.0-5.0) 

7-day 
repositive 

28 23.0 (17.5-43.5) 14:14 18.5 (16.0-23.0) 3.0 (3.0-4.0) 

Repositive 122 32.0 (21.0-47.0) 53:69 17.0 (15.0-21.0) 4.0 (3.0-5.0) 
Non- 
repositive 

477 35.0 (22.0-49.0) 215:262 34.0 (14.0-34.0) - 

aDays of turn to negative: Days of repositive patients from real-time PCR repositive 
to become negative during medical isolation. 

 

Repositive patients 
COVID-19 patients from the Sixth Affiliated 

Hospital of Xinjiang Medical University who met all 
of the hospital discharge criteria were recommended 
to stay in a medical centre with strict medical isolation 
for an additional 14 days. During the 14-day isolation, 
all the discharged patients were retested for 
SARS-CoV-2 with nasopharyngeal swabs by real-time 
PCR at day 1, day 7 and day 14. In addition, if patients 
were tested repositive during medical isolation, these 
patients were retested every day until they tested 
negative twice consecutively. During medical 
isolation after discharge, positive real-time PCR 
results were reported as repositive. 

Ninety-four patients (15.7%) out of 599 patients 
retested positive within 24 h of discharge. Thirty-nine 
(41.5%) were males, and 55 (58.5%) were females. The 
median age was 33.0 (IQR 24.0-47.0) years. The 
median length of hospitalization before discharge was 
16.0 (IQR 14.0-19.0) days. Among all the positive 
retest patients, 70 patients were asymptomatic, and 
the remaining positive retest patients showed slight 
symptoms such as fatigue, sneezing and high normal 
temperature (lower than 37.4 °C). All the symptomatic 
repositive patients did not worsen after treatment 
with Lian-Hua Qing-Wen granules. The retest 
patients were retested every day after repositivity. 
The median length of time before the positive retest 
patients became real-time PCR negative was 4.0 (IQR 
3.0-5.0) days (Table 1). 

Another 28 patients (4.7%) were repositive on 
day 7 after discharge. Fourteen (50.0%) were males, 
and 14 (50.0%) were females. The median age was 23.0 
(IQR 17.5-43.5) years. The median length of 
hospitalization before discharge was 3.0 (IQR 3.0-4.0) 
days. The length of hospitalization for 24-h repositive 
was shorter than that for 7-day repositive (Figure 1). 
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Among the positive retest patients, all were 
asymptomatic. The median length of time before the 
positive retest patients became real-time PCR 
negative was 4.0 (IQR 3.0-5.0) days (Table 1). The 
length of time for repositive patients to become 
negative was not significantly different between the 
24-h repositive patients and 7-day repositive patients 
(Figure 2). 
 

 
Figure 1. Length of hospitalization. The length of hospitalization of negative 
retest, 24-h positive retest, and 7-day positive retest patients is shown. Nonrepositive 
patients had a longer hospitalization than 24-h repositive and 7-day repositive patients 
(p < 0.001 and 0.01, respectively). Twenty-four-hour repositive patients had a shorter 
hospitalization than 7-day repositive patients (p < 0.05). The median, quantile and 
extreme values were indicated. *p < 0.05, **p < 0.01, and ***p < 0.001 by the 
Kruskal-Wallis test followed by Dunn's multiple comparison test. 

 
Figure 2. Number of days required for the repositive patients to become 
negative. All the discharged patients were retested for SARS-CoV-2 at day 1, day 7 
and day 14. If patients were tested repositive, these patients were retested every day 
until they tested negative twice consecutively. No significant differences between the 
time required for the 24-h repositive and 7-day repositive patients to become 
negative (p = 0.051). The median, quantile and extreme values are indicated. N.S., not 
significant by the Mann-Whitney U test. 

 

Non-repositive patients 
A total of 477 patients were negative upon retest 

during further isolation. Two hundred and fifteen 
(45.1%) were males, and 262 (54.9%) were females. 
The median age was 35.0 (IQR 22.0-49.0) years. The 
median length of hospitalization before discharge was 
34.0 (IQR 14.0-34.0) days (Table 1). The length of 
hospitalization of non-repositive patients was longer 
than that of 24-h repositive patients and 7-day 
repositive patients (Figure 1). Furthermore, the 
repositivity was correlated with the length of 
hospitalization before discharge (Spearman’s 
correlation coefficient, r = -0.28, p < 0.001). 

Re-positives and non-repositives have similar 
patterns of IgG and IgM 

All the 599 discharged patients were tested for 

IgG and IgM on the first day after admission into the 
isolation centre. There were no significant differences 
in IgG and IgM patterns between the 122 repositive 
recovered COVID-19 patients and the 477 non- 
repositive patients (Table 2). 

 

Table 2. Antibody detection of IgG in positive retest 
SARS-CoV-2 viral RNA patients and negative retest patients 

 IgG 
Positive 

IgG 
Negative 

Percent 
positive 
(%) 

IgM 
Positive 

IgM 
Negative 

Percent 
positive 
(%) 

Repositive 114 8 93.4 85 37 69.7 
Non-repositive 427 50 89.5 335 142 70.2 
p-value   0.191   0.906 

 

Discussion 
In the current research, we found that 20.4% of 

discharged COVID-19 patients still tested positive 
after discharge, which is in line with the previously 
reported incidence of positivity in patients with 
recurrent SARS-CoV-2 RNA [14]. Although several 
single centres have already reported positive results 
in retested recovered COVID-19 patients, the current 
study has some unique characteristics [15]. First, to 
our knowledge, this is the largest cohort for the 
repositive patients. Second, unlike other studies, our 
discharged patients were strictly medically isolated in 
a medical centre, which excluded the possibility of 
reinfection [16]. Third, to minimize the mistake of 
real-time PCR detection techniques, all patients 
received double-checked tests with two different 
approved detection kits (one from Da An Gene Co., 
Ltd. of Sun Yat-sen University and another from 
Shanghai ZJ Bio-Tech Co., Ltd.). Our research 
provides a more accurate rate of repositivity in 
discharged COVID-19 patients. 

None of the 122 positive retest patients showed 
any recurrence of typical COVID-19-related clinical 
symptoms, such as fever, cough or respiratory tract 
disease. These data indicate that the repositive 
phenomenon is likely due to the presence of virus 
residues in the body during recovery. Besides, debris 
of the virus may also be a possible reason for 
repositivity. The repositivity of SARS-CoV-2 could be 
a sign of active viral replication, and the repositive 
patients may still be infectious, although the 
infectiousness of repositivity requires further 
evaluation. 

The observed length of hospitalization in this 
study was longer than that in some previous studies 
[17-19]. The following reasons may explain this 
observation. First, the Chinese government asked all 
people from Urumqi to undergo a PCR screening test 
after Urumqi experienced the COVID-19 pandemic. 
Because of the different policies of different 
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governments, almost 85% of the patients enrolled in 
our current study were diagnosed by PCR screening 
after the first patient was found in Urumqi, when the 
enrolled patients were still at a very early stage of 
disease without obvious symptoms. COVID-19 
patients have similar clinical manifestations as those 
with other viral infections, such as fever, cough, and 
fatigue, leading to a delay in visiting a doctor during 
early illness [20]. Indeed, the median duration of time 
from illness onset to admission was 11 (IQR 8-14) days 
[21], leading to a relatively longer length of 
hospitalization in our study. 

Second, a systematic review of COVID-19 
hospitalizations that analysed 41 studies from China 
and four studies from the rest of the world [22] 
reported that the length of hospitalization was much 
longer for patients in China than for patients in the 
rest of the world, which is probably attributable to the 
fact that other countries set less strict criteria for 
hospitalization and discharge. Third, we could not 
totally exclude the possibility that some of our 
patients may be immunocompromised, which may 
prolong the length of hospitalization. Although all the 
patients from our study did not receive a transplant 
and were not using immunosuppressors, we did not 
examine whether they had malignant cancer or HIV. 
Fourth, comorbidity also affects the length of 
hospitalization. Patients with comorbidities have a 
longer length of hospitalization [23]. In our current 
study, 52 patients (8.7%) had diabetes mellitus or 
hypertension, which was relatively lower than 
previous report, partly due to the omission of other 
comorbidities. The neglected comorbidities may 
partly explain the longer length of hospitalization. 
Last, we diagnosed RNA positivity according to the 
viral RNA cycle threshold value, which did not 
distinguish dead viruses from active viruses.The 
Ct-value ≤ 40 were reported as positive in our study, 
specifically, the 37 ≤ Ct < 40 may not be able to detect 
the infectious virus and may lead to false-positive 
results, partially explaining the long duration of 
positivity. 

The reasons for repositivity after discharge 
remain unclear. There are several possibilities. First, 
viruses severely damage the immune function of 
patients, especially when accompanied by 
comorbidities in patients, so the virus is not 
completely cleared [24]. Second, since no antiviral 
drug was used, and the effect of the traditional 
Chinese medicine, Lian-Hua Qing-Wen Granule, 
might be limited, so virus replication was only partly 
inhibited [21]. Third, the duration of SARS-CoV-2 
RNA detection has not been well characterized, and 
its duration may be longer than that currently known 
[25]. 

Previous studies have reported several factors 
that prolong viral shedding [26]. One systematic 
review and meta-analysis concluded that 
corticosteroid treatment was associated with delayed 
viral clearing [27]. Another study found that clearance 
of SARS-CoV-2 took a longer time in paediatric 
patients with gastrointestinal disease than in those 
with only respiratory disease [28]. In the current 
study, we found that the length of hospitalization was 
also a determinant of viral shedding, which should be 
considered in discharge timing. 

Due to technique limitations, we could only 
identify anti-SARS-CoV-2 antibodies as positive or 
negative. Previous studies detected that the median 
seroconversion time of IgM and IgG against 
SARS-CoV-2 varies differently, ranging from 5 to 13 
days, 11 to 14 days, respectively, after symptom onset 
[29]. In this study, we found that both repositive and 
nonrepositive patients had similar patterns of IgG and 
IgM, which is in accordance with previous reports. 
Yuan et al. analysed the total antibody, IgM, IgG, and 
IgA, but no significant differences between repositive 
recovered COVID-19 patients and nonrepositive 
patients were found [5]. Furthermore, they did not 
find an association between viral load and antibody 
titre. Our research, together with previous research, 
suggests that the repositive patients shed viral RNA 
segments, and repositive patients were not associated 
with antibody level fluctuations. 

There are several limitations in the present 
study. First, all the enrolled patients in our study had 
mild or moderate symptoms of COVID-19 during 
hospitalization and none showed severe symptoms 
during hospitalization. Second, further follow-up 
studies, such as those that involve more than 14 days 
of isolation, need to be conducted among these 
patients to elucidate the possible mechanisms of the 
repositive phenomenon. Third, all patients in this 
study were from monocentre. Multicentre research on 
a larger cohort is needed in future studies. 

Conclusions 
In summary, our research found that a 

proportion of discharged patients still can have a 
positive result by real-time PCR test of SARS-CoV-2. 
Further studies are still important to elucidate the 
infectiveness of individuals who are RNA repositive. 
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