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Clinical features in coronavirus disease 2019 (COVID-19) patients 
with early clearance and prolonged shedding of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA
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Background: Since the outbreak of coronavirus disease 2019 (COVID-19), the pattern of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA shedding has not been well characterized.
Methods: In our study, 652 patients in Wuhan Designated Hospital were recruited, and their clinical and 
laboratory findings were extracted and analyzed.
Results: The median duration of SARS-CoV-2 RNA detection was 23 days [interquartile range (IQR), 
18 days] from symptom onset. Compared to patients with early viral RNA clearance (<23 days after illness 
onset), we found that patients with late viral RNA clearance (≥23 days) had a higher proportion of clinical 
features, as follows: symptoms, including fever, dry cough, and sputum production; comorbidities, including 
hypertension, chronic kidney disease, uremia, chronic liver disease, anemia, hyperlipidemia, and bilateral 
lung involvement; complications, such as liver injury; delayed admission to hospital; laboratory parameters 
at baseline, including higher eosinophils, uric acid, cholesterol, triglycerides, and lower hemoglobin; and 
less treatment with arbidol, chloroquine, or any antivirals. After generalized linear regression, prolonged 
SARS-CoV-2 RNA shedding was independently associated with younger age; delayed admission to hospital; 
symptoms including fever, shivering, and sputum production; comorbidities including hypertension, 
diabetes, cardiovascular disease, anemia, hyperlipidemia, uremia, and lung involvement; and higher alanine 
aminotransferase (ALT), uric acid, and cholesterol levels at baseline.
Conclusions: In conclusion, the factors mentioned above are associated with the negative conversion 
of SARS-CoV-2 RNA. A deeper insight into virological dynamics will be helpful for establishing patient 
discharge and quarantine release criteria.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a type of beta-coronavirus that crossed species 
barriers and induced coronavirus disease 2019 (COVID-19) 
(1,2). At the time of writing the manuscript, the virus has 
infected 73 million patients and killed 1.62 million people 
worldwide. Unlike SARS or MERS (3,4), which occurred 
in the last decade with a higher mortality rate and were 
caused by the other 2 corona viruses [human severe acute 
respiratory syndrome coronavirus (SARS-CoV) and middle 
east respiratory syndrome coronavirus (MERS-CoV)], 
COVID-19 reportedly has a lower fatality rate, while its 
contagion has caused more casualties than either SARS 
or MERS. Several studies have reported that the median 
time of viral RNA shedding is 12-23 days, and the longest 
carrying history was 118 days in a study of 38 patients with 
COVID-19 (5-8). Further, it was proved that the long-term 
carriers still pose a transmission risk (8). The prolonged 
viral RNA shedding means a longer contagious period, 
requiring numerous tests and a longer isolation time, 
making it challenging to establish patient discharge and 
quarantine criteria.

The previous study showed outpatients who were old, 
had severe illness, and had severe underlying diseases had 
high viral RNA shedding (9). A recent study (10) suggested 
that male patients, delayed admission to hospital after 
illness onset, and invasive mechanical ventilation during 
hospitalization were associated with prolonged SARS-
CoV-2 RNA shedding. Fu et al. (11) reported that patients 
with coronary heart disease (CHD) comorbidity, decreased 
albumin levels, and delayed antiviral therapy experienced 
delays in SARS-CoV-2 RNA clearance. Another study 
included 251 patients showed patients with cough and/
or fever at the time of laboratory-confirmed COVID-19 
disease are more likely to have a persistent SARS-CoV-2 
PCR test result (7). Those with asthma or receiving 
immunosuppression are less likely to achieve cessation of 
viral RNA shedding (7). However, in these studies, the data 
was particularly focused on the correlation between the 
duration of viral RNA shedding and different severity, or 
symptoms alone, or comorbidities alone, or in outpatients 
alone, or in mild patients alone. The pattern of SARS-
CoV-2 RNA shedding during treatment has not been well 
characterized. There is limited information to predict which 
patients infected with SARS-CoV-2 RNA will need a longer 
time of viral RNA shedding.

Here, we aim to determine the persistence and clearance 

time of SARS-CoV-2 RNA and describe the correlation of 
clinical features and candidate molecular markers with the 
negative conversion of SARS-CoV-2 RNA in a large patient 
cohort enrolled 652 COVID-19 patients with different 
severity. All patients were in the same center and all tests 
were performed according to the unified requirements and 
standardized methods, and nasopharyngeal swabs were 
collected on average every 3 to 7 days (serial time points). 
We take a more comprehensive view from the following 
aspects, including comorbidities, symptoms, laboratory 
tests, treatments, complications, and outcome data to 
evaluate negative conversion of SARS-CoV-2 RNA. We 
hope that our findings may be helpful for identifying the 
clinical characteristics of patients with a longer duration of 
viral RNA detection and inspire further clinical research on 
SARS-CoV-2 RNA infection.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-445).

Methods 

Study design and participants 

A total of 684 laboratory-confirmed symptomatic 
COVID-19 patients were recruited in this study from 
February 13 to April 6, 2020, in Wuhan Designated 
Hospital. All hospitalized patients received a standard 
diagnosis and treatment protocol based on the “Diagnosis 
and Treatment Protocol for Novel Coronavirus Pneumonia 
(Trial Version 7)” (12). Among the 684 SARS-CoV-2 RNA 
positive patients, 652 were analyzed while the other 32 
were excluded, as 20 were PCR negative and only specific 
IgM and IgG positive, and 12 had only 1 positive sample 
and died before further samples were collected (Figure 1). 
Ethics approval (No. 2020-LS04) was obtained from the 
Institutional Review Board of Shanghai General Hospital, 
Shanghai Jiao Tong University School of Medicine. All 
patients provided written informed consent. The study 
followed Declaration of Helsinki (as revised in 2013).

According to the “Diagnosis and Treatment Protocol 
for Novel Coronavirus Pneumonia (Trial Version 7)” (12), 
patients could be classified into 4 levels of severity: mild 
cases (mild clinical symptoms with no abnormal radiological 
findings), moderate cases [fever, cough, and other symptoms 
with pneumonia on chest computed tomography (CT)], 
severe cases (severe pneumonia with respiratory distress, 
oxygen saturation in room air at rest ≤93%, or partial 
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pressure of oxygen in arterial blood/fraction of inspired 
oxygen ≤300 mmHg), and critical cases (respiratory 
failure, shock, and other organ failure with intensive care 
or mechanical ventilation). We combined mild cases and 
moderate cases and categorized our COVID-19 patients 
into 3 groups: moderate, severe, and critical.

Demographic characteristics, comorbidities, symptoms, 
laboratory tests, treatments, complications, and outcome 
data were extracted using electronic medical records. 
Nasopharyngeal swabs were collected on average every 3 to 
7 days (serial time points). The definitions and descriptions 
related to the results are as follows: 

(I) Symptom onset was defined as the day when initial 
symptoms were noticed; 

(II) Diagnosis time was defined as the days from 
symptom onset (DFSO) to the first positive detection 
of viral RNA in respiratory tract specimens;

(III) Viral persistence time was defined as the DFSO 
to the last positive detection of respiratory tract 
specimens;

(IV) According to the “Diagnosis and Treatment 
Protocol for Novel Coronavirus Pneumonia (Trial 
Version 7)” (9), clinically recovered COVID-19 
patients may be released after 2 negative real-time 
reverse transcription PCR (rRT-PCR) tests from 
respiratory specimens after a 24-hour interval. Viral 
shedding time was defined as the DFSO to the first 
negative day of 2 persistent negative detections.

Detection of SARS-CoV-2 RNA 

Nasopharyngeal and oropharyngeal samples were collected 
according to the manufacturer’s protocol, and SARS-CoV-2 
RNA was detected using rRT-PCR. The criteria for diagnosis 
followed the recommendation of the National Institute for 
Viral Disease Control and Prevention (China) (http://ivdc.

chinacdc.cn/kyjz/202001/t20200121_211337.html).

Statistical analysis 

Statistical analysis was performed using SPSS 25 (IBM, 
USA) and R software (Version 3.6.0). Continuous variables 
were expressed as median with interquartile range (IQR), 
and categorical variables were expressed as number (%). 
The Kruskal-Wallis H test or Mann-Whitney test were used 
to compare the differences between groups. Categorical 
variables were compared using the Chi-square (χ2) test 
or Fisher’s exact test (if more than 20% of the cells had 
an expected count <5). The data were analyzed through 
Spearman’s bivariate correlations to evaluate the covariation 
among viral shedding time, symptom alleviation time, and 
chest CT image improvement time. Negative conversion of 
viral RNA, as time-to-event data, was the outcome measure, 
and was presented with Kaplan-Meier curves. Significant risk 
factors identified on univariate analyses were further analyzed 
by the generalized linear regression (GLM) model to identify 
the independent risk factors associated with the prolonged 
duration of SARS-CoV-2 shedding. The significance level of 
the hypothesis tests was set at 0.05 (two-sided).

Results

Clinical characteristics

The median age of the 652 patients was 58 years (IQR, 19), 
and 52.1% were female (Table S1). The median time from 
symptom onset to hospital admission was 5 days (IQR, 8) 
and the median diagnosis time was 9 days (IQR, 12). The 
median viral persistence time was 13 days (IQR, 15), while 
the median duration of viral shedding was 23 days (IQR, 18).  
Nearly 75% showed a negative PCR for viral RNA within 
31 days, while the longest time was 69 days. The PCR 
negative conversion rate showed no differences across the 
different severity groups (data not shown). Furthermore, this 
cohort was divided into 2 groups: patients with viral RNA 
clearance <23 days (EC, n=312), and those with prolonged 
viral RNA shedding ≥23 days (LC, n=340). The median 
duration of viral RNA shedding was 15 days (IQR, 8)  
in the EC group, and 32 days (IQR, 14) in the LC group 
(Table S1).

Symptoms and related comorbidities

Fever (68.7%) and dry cough (68.4%) were the most 

Figure 1 Flow diagram for patients with confirmed coronavirus 
disease 2019 (COVID-19) included in the study.

684 laboratory-confirmed COVID-19 
patients were admitted in this study.

32 were excluded:
20 couldn’t show positive PCR results.
12 patients had only one positive sample 
and died before collecting other sample 
without knowing whether the viruses were 
cleared.

652 were included in this study.

http://ivdc.chinacdc.cn/kyjz/202001/t20200121_211337.html
http://ivdc.chinacdc.cn/kyjz/202001/t20200121_211337.html
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
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common symptoms. Other symptoms included fatigue, 
breathlessness, myalgia, shivering, and sputum production, 
amongst others. The percentage of patients with fever, 
dry cough, and sputum production in the LC group was 
significantly higher than the EC group (P<0.05, Table S1). 
After stratification, the percentage of patients with fever, 
shivering or dry cough at diagnosis in moderate group was 
higher in the LC group than in the EC group (P<0.05, 
Table S1), indicating patients with these symptoms are 
more difficult to achieve virus clearance. In severe group, 
the proportion of patients with sputum production, sore 
throat, thoracic tightness or fatigue at diagnosis was higher 
in the LC group than in the EC group (P<0.05, Table S1). 
In critical group, the proportion of patients with fever or 
fatigue was higher in the LC group than in the EC group 
(P<0.05, Table S1). In the moderate and critical groups, 
patients with fever were more likely with late viral RNA 
clearance. 

The common comorbidities included hypertension (230 
cases), diabetes (99 cases), cardiovascular disease (63 cases), 
anemia (50 cases), chronic kidney disease (40 cases, 18 of 
them were uremia), chronic liver disease (34 cases), chronic 
obstructive pulmonary disease (29 cases), hyperlipidemia (26 
cases), and cerebrovascular disease (20 cases), amongst others. 
The percentage of hypertension, chronic kidney disease, 
uremia, chronic liver disease, anemia, and hyperlipidemia 
was higher in the LC group than in the EC group (40.6% 
vs. 29.5%, 9.7% vs. 2.2%, 4.7% vs. 0.6%, 7.4% vs. 2.9%, 
12.9% vs. 1.9%, 5.9% vs. 1.9%, P<0.05, respectively, Table 
S1). After stratification, in moderate group the percentage 
of hypertension and anemia was higher in the LC group 
than in the EC group (P<0.05, Table S1). In severe group, 
the percentage of clinical factors, including hypertension, 
chronic kidney disease, uremia, chronic liver disease, 
anemia, hyperlipidemia, and bilateral lung involvement was 
increased in LC group than in EC group (P<0.05, Table S1). 
Moreover, in critical group the percentage of clinical factors, 
including hypertension, chronic kidney disease, chronic liver 
disease, and anemia was lower in the EC group than in the 
LC group (P<0.05, Table S1).

The percentage of patients treated with an angiotensin II 
receptor blocker (ARB) or angiotensin-converting enzyme 
inhibitors (ACEI) in the LC group was higher than in the 
EC group (P<0.05, Table S1).

Laboratory testing and CT findings on admission

The analysis of laboratory parameters on admission day 

showed that the level of hemoglobin was lower in the LC 
group than in the EC group (P<0.05). Other parameters, 
including eosinophils, uric acid, troponin I, albumin, 
cholesterol, and triglycerides were much higher in the LC 
group (P<0.05). Lung condition was assessed by chest CT 
scan. The LC group had a higher percentage of bilateral 
lung involvement than the EC group (P<0.05). After 
stratification, eosinophils, albumin and uric acid was higher 
in the LC group than in the EC group (P<0.05, Table S1). 
In severe group, eosinophils, uric acid at baseline and the 
percentage of bilateral lung involvement was higher in the 
LC group (P<0.05, Table S1). In critical group, urea and 
d-Dimer was higher in the LC group than in the EC group 
(P<0.05).

Treatment, complications, and outcomes

A total of 393 patients (60.3%) were treated with antiviral 
drugs, including chloroquine, lopinavir and ritonavir, 
arbidol, ribavirin, and interferon. Furthermore, 313 
patients (48.0%) received antibacterial therapy, including 
moxifloxacin, ceftriaxone, and azithromycin. The 
percentage of patients treated with arbidol, chloroquine or 
any antivirals was higher in the EC group than in the LC 
group (P<0.05). After stratification, there was no significant 
difference in treatment plan except that the percentage of 
patients treated with chloroquine was higher in the EC 
group than in the LC group (P<0.05, Table S1). In severe 
group the proportion of people receiving arbidol or any 
antivirals in LC group was lower than that in EC group 
(P<0.05, respectively, Table S1), while in critical group, the 
proportion of patients treated with any antivirals was higher 
in the EC group than in the LC group (P<0.05, Table S1). 
There was no difference in the percentage of 42 patients 
treated with corticosteroids (prednisone equivalent >40 mg) 
between the 2 groups (P>0.05).

The LC group had a longer time to symptom alleviation 
and chest CT imaging improvement. Viral RNA shedding 
was positively correlated with symptom alleviation time 
and chest CT image improvement time (r=0.588, P<0.001; 
r=0.605, P<0.001, respectively).  

We evaluated the proportion of major complications 
such as acute respiratory distress syndrome (ARDS), acute 
cardiac injury (ACI), liver injury, acute kidney injury (AKI), 
shock, and disseminated intravascular coagulation (DIC). 
The results showed that the percentage of patients with 
liver injury in the LC group was higher than in the EC 
group (P<0.05).

https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-445-supplementary.pdf
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As of April 6, 2020, 624 (95.7%) patients had been 
discharged, 14 (2.1%) had died, and 14 (2.2%) were still 
hospitalized for complications or hypoxia with viral RNA 
clearance. The proportion of outcomes in the two groups 
was not significantly different (P>0.05). 

Negative conversion of SARS-CoV-2 RNA

From the Kaplan-Meier curves, the RNA positive 
proportional changes within 1–70 days among patients 
with different symptoms, comorbidities, treatments, and 
complications are shown in Figures 2-4. The RNA negative 
conversion rate showed no significant difference between 
the 3 different severity groups (data not shown). For the 
patients with fever, shivering, dry cough, and sputum 

production, it took more days to clear SARS-CoV-2 
RNA than for those without these symptoms (P<0.05,  
Figure 2A,B,C,D). SARS-CoV-2 RNA clearance was 
significantly delayed in patients with comorbidities, including 
hypertension, cardiovascular disease, chronic kidney disease, 
uremia, hyperlipidemia, chronic liver disease, and anemia 
(Figure 3A,B,C,D,E,F,G). Patients with complications, 
including liver injury, required a longer time for viral RNA 
clearance (P<0.05, Figure 3H). Patients treated with antivirals, 
including arbidol and chloroquine, and antibiotics had faster 
viral RNA clearance (P<0.05, Figure 4A,B,C,D).

Risk factors for negative conversion of SARS-CoV-2 RNA 

The effect of each factor on prolonged viral RNA shedding 

Figure 2 Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA shedding curves for coronavirus disease 2019 (COVID-19) 
patients according to symptom predictors. (A) Cumulative proportion of patients with detectable SARS-CoV-2 RNA by day from symptom 
onset between patients with and without fever (log-rank P=0.04). (B) Cumulative proportion of patients with detectable SARS-CoV-2 RNA 
by day from symptom onset between patients with and without shivering (log-rank P=0.014). (C) Cumulative proportion of patients with 
detectable SARS-CoV-2 RNA by day from symptom onset between patients with and without cough (log-rank P=0.0011). (D) Cumulative 
proportion of patients with detectable SARS-CoV-2 RNA by day from symptom onset between patients with and without sputum 
production (log-rank P=0.0011).
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Figure 3 Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA shedding curves for coronavirus disease 2019 (COVID-19) 
patients according to predictors of comorbidities and complications. Cumulative proportion of patients with detectable SARS-CoV-2 RNA 
by day from symptom onset between patients with and without hypertension (A, log-rank P=0.0022), cardiovascular disease (B, log-rank 
P=0.0022), chronic kidney disease (C, log-rank P<0.001), uremia (D, log-rank P<0.001), hyperlipidemia (E, log-rank P=0.026), chronic liver 
disease (F, log-rank P=0.025), anemia (G, log-rank P<0.001), and liver injury (H, log-rank P=0.027).
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Figure 4 Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA shedding curves for coronavirus disease 2019 (COVID-19) 
patients according to predictors of treatments. Patients treated with antivirals, including arbidol and chloroquine, and antibiotics had faster 
viral RNA clearance than patients without treatment. (A) Antiviral drugs (log-rank P<0.001); (B) antibiotics (log-rank P=0.075); (C) arbidol 
(log-rank P=0.00094); (D) chloroquine (log-rank P=0.00049).

was evaluated through a GLM model. Variables, including 
age, sex, smoking, symptoms, comorbidities, use of 
antivirals and corticosteroids, duration from illness onset 
to hospitalization, diagnosis time, major complications, and 
laboratory parameters at baseline, were tested. We found 
that younger age was associated with delayed virological 
clearance (P<0.05, Table 1, Figure 5). GLM analysis 
indicated that both the time from illness onset to admission 
and the diagnosis time were independent factors associated 
with SARS-CoV-2 RNA shedding time (P<0.05, Table 1, 
Figure 5). Symptoms including fever, shivering, sputum 
production, and lung involvement on chest CT scan were 
significantly related to prolonged viral RNA shedding 
(P<0.05, Table 1, Figure 5). Comorbidities including 
hypertension, diabetes, cardiovascular disease, anemia, 
hyperlipidemia, and uremia delayed virus clearance (P<0.05, 
Table 1, Figure 5). Higher expression levels of laboratory 
parameters including eosinophils, alanine aminotransferase 
(ALT), uric acid, and cholesterol at baseline were associated 

with prolonged viral RNA shedding (P<0.05).

Discussion 

There have been few studies on the correlations between 
clinical features and the duration of SARS-CoV-2 RNA 
shedding. A better understanding of the viral RNA 
shedding profile is crucial to establish a standard quarantine 
and discharge plan. 

In our study, the median time from symptom onset 
to viral RNA shedding was 23 days, which was similar to 
findings by Zhou et al. (13), who reported that the median 
time was 20 days for 137 cases, and Fu et al., who reported a 
median time of 19 days for 410 cases (11).

Generally, patients with prolonged viral RNA clearance 
were younger (p<0.05). The findings here are consistent 
with a recent study from Portugal, which stated that 
younger patients with mild disease severity need more 
time for viral RNA clearance (14). Furthermore, there was 
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Table 1 Results for the generalized linear model (GLM)

Coefficients Estimate Std. error z value Pr(>|z|) P

Age −0.05 0.01 −3.50 0.0005 <0.001

Admission time 0.17 0.04 4.26 2.02e-05 <0.001

Diagnosis time 0.61 0.03 18.04 <2e-16 <0.001

Fever 3.22 0.45 7.16 8.30e-13 <0.001

Shivering 1.79 0.59 3.03 0.002 <0.01

Sputum production 3.88 0.80 4.85 1.26e-06 <0.001

Hypertension 2.15 0.49 4.43 9.60e-06 <0.001

Diabetes  2.57 0.62 4.12 3.84e-05 <0.001

Cardiovascular disease 2.99 0.84 3.58 0.0003 <0.001

Anemia 3.85 1.15 3.34 0.0008 <0.001

Hyperlipidemia 3.40 1.18 2.89 0.004 <0.01

Uremia 28.00 3.67 7.64 2.24e-14 <0.001

Bilateral lung involvement 2.92 0.69 4.22 2.40e-05 <0.001

EOS count at baseline 10.31 1.97 5.23 1.70e-07 <0.001

Albumin at baseline 0.31 0.04 8.57 <2e-16 <0.001

ALT at baseline 0.02 0.006 3.96 7.63e-05 <0.001

Creatinine at baseline −0.02 0.005 −4.07 4.77e-05 <0.01

CK at baseline −0.002 0.0003 −5.20 2.03e-07 <0.001

Uric acid at baseline 0.008 0.002 3.08 0.002 <0.01

Lymphocytes at baseline −1.00 0.29 −3.45 0.0006 <0.001

PLT at baseline −0.01 0.002 −4.66 3.10e-06 <0.001

Lactate dehydrogenase at baseline −0.004 0.002 −2.58 0.01 <0.01

Cholesterol at baseline 0.77 0.21 3.63 0.0003 <0.001

Antibiotics treatment −1.54 0.43 −3.59 0.0003 <0.001

Shock 6.92 2.30 3.01 0.003 <0.01

no sex-related difference in viral clearance time, which is 
inconsistent with the study by Li et al. (10) who showed that 
male patients usually had longer viral RNA shedding. This 
may be due to the study population, in that all patients in Li 
et al.’s study were mild cases.

By comparing clinical symptoms between the EC and 
LC groups, we found that fever, dry cough, and sputum 
production were correlated with prolonged viral RNA 
shedding. Patients with fever, dry cough, shivering and 
sputum production at diagnosis were more likely to have 
a persistently positive SARS-CoV-2 PCR result if tested 
within 3 weeks of symptom onset from the Kaplan-Meier 

curves. However, dry cough was not a significant factor after 
GLM. We hypothesize that these patients are more severely 
affected by the SARS-CoV-2 infection in the lungs. After 
we scored all the lung imaging of these patients, we found 
that bilateral lung involvement was higher in the LC group. 
Our results also suggest that viral RNA shedding time was 
positively correlated with symptom alleviation time and 
chest CT image improvement time.

Delayed hospital admission, delayed diagnosis time, 
and comorbidities, including hypertension, cardiovascular 
disease, diabetes, hyperlipidemia, uremia, and anemia, were 
independent risk factors for prolonged SARS-CoV-2 RNA 
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Figure 5 Results for the generalized linear model (GLM). GLM indicated that the time from illness onset to admission and diagnosis 
were independent factors associated with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA shedding time (P<0.05). 
Symptoms, including fever, shivering, sputum production, and lung involvement on chest CT scan, were significantly related to longer viral 
RNA conversion time (P<0.05). Comorbidities including hypertension, diabetes, cardiovascular disease, anemia, hyperlipidemia, and uremia 
could delay virus clearance (P<0.05). Higher expression levels of laboratory parameters, including eosinophils, alanine aminotransferase 
(ALT), uric acid, and cholesterol, were associated with prolonged viral RNA shedding time (P<0.05).

shedding.
Our findings showed delayed hospital admission and 

diagnosis time were relevant to longer viral RNA clearance, 
suggesting that symptomatic patients should be admitted 
to hospital as soon as possible if they have SARS-CoV-2 
contact history. Although no specific antiviral drug for 
SARS-CoV-2 has been proven effective (15,16), our study 
showed that chloroquine and arbidor could improve virus 
clearance in the EC group, while chloroquine and arbidor 
were not significant risk factors after the GLM model. After 
early hospital admission, general supportive treatment, 

including oxygen inhalation and nutritional support, may 
help in early viral clearance.  

As previously reported (10), the proportion of patients 
with hypertension was higher in the longer viral RNA 
shedding population. We also found a higher proportion 
of patients with hypertension in the LC group, and in 
the GLM model hypertension was also a significant risk 
factor. Cardiovascular disease was also proven to be an 
independent risk factor for prolonged viral RNA shedding, 
which is consistent with the findings of Fu et al. (11).

Uremia has been proven to be a risk factor for viral RNA 
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clearance. A recent study (17) reported that ACE2 receptor 
expression in kidney tissue is higher compared to that in 
lung tissue. ACE2 and TMPRSS genes are potential targets 
for SARS-CoV-2, and are co-expressed on podocytes and 
proximal convoluted tubule cells. There is growing concern 
that the use of renin-angiotensin-aldosterone system (RAAS) 
inhibitors may alter ACE2 expression and play a role in 
disease virulence (18). We found that the proportion of 
patients who previously used ACEIs or ARBs in the LC 
group was higher. This change could partially explain why 
SARS-CoV-2 tends to infect patients with chronic kidney 
disease and is harder to remove, though further studies 
are required to clarify the mechanisms. Another possible 
explanation of these findings is that patients with kidney 
dysfunction have deficits in immune cell populations (19), 
leading to increased lung inflammation. 

We also found that virus clearance was delayed in 
hyperlipidemia patients, which is consistent with the result 
that high cholesterol levels on admission were associated 
with prolonged viral RNA shedding time. The reason we 
took this into consideration is due to the role of cholesterol 
during viral RNA infection. The entry of flaviviruses and 
coronaviruses into human cells is via lipids and cholesterol-
rich membrane microdomains, which is facilitated by the 
interaction between the surface glycoprotein S of SARS-
CoV and the cellular receptor ACE2 (20). Moreover, after 
cellular entry, a high amount of intracellular cholesterol and 
fatty acids are required for the formation of the replication 
complex of the RNA virus (21,22). The high level of 
cholesterol may exacerbate cardiovascular risk, which was 
proven to be an independent risk factor of prolonged viral 
RNA shedding, consistent with Fu et al. (11). Further 
studies are needed to evaluate the impact of these lipids in 
hyperlipidemia patients infected with SARS-CoV-2.

Patients with anemia had more difficulty achieving 
viral clearance, and lower hemoglobin was more common 
in the LC group. As yet, there is no solid evidence that 
SARS-CoV-2 attacks blood cells. However, patients with 
hemoglobin disorders are generally more prone to viral 
and bacterial infections, including the current global 
health situation (23-25). Two potential pathophysiological 
mechanisms are as follows:

(I) SARS-CoV-2 interacts with the hemoglobin 
molecule through CD147, CD26, and other 
receptors located on erythrocytes; 

(II) Hepcidin-mimetic action of a viral spike protein, 
inducing ferroportin blockage.

A hemoglobinopathy, hypoxia, and cell iron overload 

might play additional roles. Oxygen-deprived blood disease 
should also be considered. Anemia and hypertension are 
common in patients with chronic kidney disease. These 
factors may partially explain why uremic patients had 
delayed virus clearance.

COVID-19 patients with diabetes had greater difficulty 
achieving viral clearance in our study. This is similar to 
the finding that diabetes was related to prolonged viral 
clearance in patients with SARS or influenza A (26,27).

Severa l  s tudies  have  reported  that  the  use  o f 
corticosteroids is linked to persistent viral RNA shedding in 
patients with avian influenza A (H7N9), MERS, and SARS 
(28-30). However, there was no statistical difference in the 
proportion of patients using corticosteroids in the 2 groups 
(7.4% vs. 6.8%, P=0.544). Thus, we cannot conclude that 
the use of corticosteroids is associated with the negative 
conversion of SARS-CoV-2 RNA. 

ALT elevation was a risk factor after GLM. Liver injury 
in COVID-19 patients could be the result of direct viral 
hepatitis or the immune-mediated inflammatory response. 
ACE2 receptors are present on cholangiocytes and 
hepatocytes, providing a plausible mechanism of SARS-
CoV-2 related hepatotoxicity (31). Additionally, etiologies 
including drug toxicity, sepsis, and congestion cannot 
be ruled out. SARS-CoV-2 related viral hepatitis and its 
corresponding immune-mediated inflammatory response 
are possible reasons for slower viral clearance (32,33). 
However, further in-depth studies are needed to understand 
liver injury-related prolonged viral RNA shedding.

One limitation of our study is that the virus was only 
detected by rRT-PCR without virus culture. The rRT-
PCR test is used to amplify the virus gene for detection, 
and a positive result does not mean the virus is alive. It is 
not known whether individuals with persistent positive 
results are transmissible. Even though the intervals between 
specimen collection were fixed, the virological clearance 
time could not be exactly identical to viral conversion. 
Additionally, this study was performed at a single center. 
Therefore, the results must be confirmed in other settings 
or in a prospective study.

In conclusion, prolonged SARS-CoV-2 RNA shedding is 
independently associated with delayed admission; symptoms 
including fever, shivering, and sputum production; and 
comorbidities such as hypertension, cardiovascular disease, 
diabetes, hyperlipidemia, uremia, and anemia. Higher 
ALT, uric acid, and cholesterol were also associated with 
the negative conversion of SARS-CoV-2 RNA. A more in-
depth insight into virological dynamics will be helpful for 
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managing patients with COVID-19.
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