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A B S T R A C T   

Background: The outbreak of COVID-19 has caused ever-increasing attention and public panic all over the world. 
Until now, data are limited about the risk factors to virus shedding in COVID-19 infected patients. 
Methods: In this retrospective study, data were collected from 87 patients hospitalized with COVID-19 infection 
in Suzhou. Using Cox proportional hazards regression and Kaplan-Meier survival analysis, the risk factors to 
COVID-19 RNA shedding was to be established according to demographic information, clinical characteristics, 
epidemiological history, antiviral medicine and corticosteroid administration. 
Results: The median duration of COVID-19 RNA shedding from admission was 13.11 ± 0.76 days. There was no 
significant difference in viral shedding duration in terms of gender, age, history of Hubei province stay, char-
acteristics of chest CT on admission, lymphocytopenia and clinical severity. By Cox proportional hazards model, 
excessive 200 mg cumulative corticosteroid (HR, 3.425 [95% CI, 1.339–7.143]), time from illness onset to 
hospitalization (<5 days) (HR, 2.503 [95% CI, 1.433–4.371]) and arbidol-included therapy (HR, 2.073 [95% CI, 
1.185–3.626]) were the independent risk factors to delay COVID-19 RNA shedding. Besides of excessive 200 mg 
of cumulative corticosteroid (HR, 2.825 [95% CI, 1.201–6.649]), admission within 5 days from illness onset (HR, 
2.493 [95% CI, 1.393–4.462]) and arbidol-included therapy (HR, 2.102 [95% CI, 1.073–4.120]), lymphocyto-
penia (HR, 2.153 [95% CI, 1.097–4.225]) was further identified as another unfavorable factor to 10-day viral 
shedding. 
Conclusions: The potential risk factors could help clinicians to identify patients with delayed viral shedding, 
thereby providing the rational strategy of treatment and optimal anti-viral interventions.   

1. Introduction 

Since last December, the outbreak of COVID-19 has caused ever- 
increasing attention and public panic all over the world [1–3]. China’s 
National Health Commission had released the seventh trial version of 
Diagnosis and Treatment Scheme for Pneumonitis with COVID-19 
Infection, and provided a systematic treatment strategy for cases. 

Unfortunately, there are still no specific antiviral medicines or vac-
cines recommended for COVID-19 infection. Without prior experience of 
therapy, the current treatment of COVID-19 infection is mainly empir-
ical and symptomatic, and a limited number of therapeutics in ongoing 

clinical trial were adopted from previous research with Severe Acute 
Respiratory Syndrome (SARS) and Middle East respiratory syndrome 
(MERS) [4–7]. Under the circumstances, studies of the association be-
tween duration of COVID-19 shedding and clinical factors may produce 
more interesting findings [8,9]. 

Here, we conducted a retrospective study of 87 hospitalized patients 
with laboratory-confirmed COVID-19 infection to assess the impact of 
treatment strategies and clinical features on the duration of COVID-19 
shedding. 
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2. Patients and methods 

2.1. Patients 

All 87 patients were admitted to The Fifth People’s Hospital of 
Suzhou and diagnosed with COVID-19 pneumonia from Jan 10 to Feb 
16, 2020. Diagnosis of COVID-19 infection in patients was made by 
positive test for viral RNA of respiratory secretions obtained by bron-
choalveolar lavage, sputum, nasopharyngeal swab, or oropharyngeal 
swab. Demographic information, clinical characteristics and chest CT 
scan results of each patient were obtained from the electronical medical 
record system of The Fifth People’s Hospital of Suzhou. Severity of 
COVID-19 was defined according to the diagnostic and treatment 
guideline for COVID-19 pneumonia issued by Chinese National Health 
Committee (Version 1–7). The study was approved by the Ethics Com-
mittee of the Fifth People’s Hospital of Suzhou (2020-005). 

2.2. Virologic investigations 

COVID-19 infection was confirmed in all patients by testing respi-
ratory specimens with a real-time reverse transcription-polymerase 
chain reaction (RT-PCR) assay at the local laboratory of the Center for 
Disease Control and Prevention. During hospitalization, respiratory 
specimens (sputum, nasopharyngeal swab, or oropharyngeal swab) were 
collected every second day for detection of COVID-19 by real-time RT- 
PCR. We defined the interval from admission to the date of the first 
COVID-19 RNA-negative result before discharge as the COVID-19 RNA 
shedding duration. 

2.3. Clinical investigations 

Candidate clinical variables considered for analysis of prolonged 
duration of COVID-19 RNA shedding were sex, age, epidemiological 
history, clinical severity, lymphocytopenia, time from illness onset to 
hospitalization, specific antiviral medicine and corticosteroid adminis-
tration. Corticosteroid treatment was defined as administration of a 
cumulative dose equivalent to ≥200 mg of methylprednisolone during 
hospitalization. Among the 87 patients, antiviral treatments included 
Arbidol monotherapy (18/87, 20.69%), Kaletra (Lopinavir/Ritonavir) 
monotherapy (37/87, 42.53%), Arbidol and Kaletra (25/87, 28.74%) 
and naive antiviral treatment (7/87, 8.05%). Limited by the number of 
cases, antiviral treatment was defined as Arbidol-included and Arbidol- 
excluded sub-groups. 

2.4. Statistical analysis 

Statistical analyses were performed using SPSS, version 24.0 for 
Windows. Mean values and standard deviations or median values with 
interquartile range were used to describe continuous variables, and 
absolute or relative frequencies were used to describe categorical vari-
ables. We used the Student t-test and the Mann-Whitney U test for 
analysis of continuous variables and the χ2 test or Fisher exact test for 
analysis of discrete variables in bivariate analyses. Kaplan-Meier sur-
vival analysis was used to estimate the cumulative COVID-19 RNA- 
negativity rate. To identify risk factors associated with delayed duration 
of COVID-19 RNA shedding, we performed a time-dependent Cox pro-
portional hazards model that adjusted for baseline covariates. For all 
analyses, probabilities were 2-tailed, and a 2-tailed P value of <0.05 was 
considered significant. 

3. Results 

3.1. Virologic outcomes 

All patients had resolution of COVID-19 shedding and survived. Of 
the samples that yielded the COVID-19 RNA test results, all were from 

nasopharyngeal swab specimens before discharge. Only 21 patients 
(24.14%) had undetectable COVID-19 RNA within 7 days, 53 (60.92%) 
tested negative within 14 days, and 81 (93.10%) tested negative within 
28 days of hospitalization (Fig. 1). COVID-19 RNA was undetectable 
among all patients within 37 days after hospitalization, but it turned 
positive in convalescence in a small subset of patients (data not shown) 
[10]. 

3.2. Duration of COVID-19 RNA shedding 

The main characteristics of all patients are summarized in Table 1. 
The median duration of COVID-19 RNA shedding was 13.11 ± 0.76 days 
(3–37 days). In the analysis of subgroup, there was no significant dif-
ference in duration of viral RNA shedding in terms of gender, age, his-
tory of Hubei Province stay, characteristics of chest CT on admission, 
length of lymphopenia, and clinical severity. 

Interestingly, high dosage of cumulative corticosteroid (≥200 mg) 
administration could delay the duration of viral RNA shedding 
compared with low dosage of cumulative corticosteroid (P = 0.04), 
patients with no usage and low dosage of cumulative corticosteroid 
(<200 mg) exhibited comparable duration of viral RNA shedding (P =
0.73). In terms of anti-viral treatment, patients who received arbidol- 
included therapy displayed longer duration of viral RNA shedding 
than those who received arbidol-excluded therapy (P = 0.001). Unex-
pectedly, patients who admitted within 5 days after illness onset expe-
rienced more days of viral RNA shedding than those who admitted over 
5 days after illness onset (P = 0.005). 

3.3. Risk factors for delayed viral shedding in a multivariable model 

Then, we extended the data to time-dependent Cox proportional 
hazards model (Tables 2 and 3). Excessive 14 days were defined as 
delayed COVID-19 RNA shedding. Univariate analysis revealed that 
gender, age, history of Hubei province stay, characteristics of chest CT 
on admission, lymphocytopenia and clinical severity were not risk fac-
tors for delaying viral shedding. After multivariate logistic regression, 
only high dosage (≥200 mg) of cumulative corticosteroid administration 
(HR, 3.425 [95% CI, 1.339–7.143]), time from illness onset to hospi-
talization (<5 days) (HR, 2.503 [95% CI, 1.433–4.371]) and arbidol- 
included therapy (HR, 2.073 [95% CI, 1.185–3.626]) were the inde-
pendent predictors of delaying COVID-19 viral shedding. 

Fig. 1. Overview of duration of viral shedding in hospitalized COVID-19 
infected patients. 
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3.4. Influencing factors on 10-day viral shedding 

We chose 10-day COVID-19 RNA clearance as early virologic out-
comes. Kaplan-Meier survival analysis was used to estimate the cumu-
lative COVID-19 RNA-negativity rate (Fig. 2). In according to 
multivariable model, duration of viral shedding was significantly 
decreased in patients who received ≥200 mg of cumulative corticoste-
roid administration (HR, 2.825 [95% CI, 1.201–6.649]), arbidol- 
included therapy (HR, 2.102 [95% CI, 1.073–4.120]) or admitted 
within 5 days after illness onset (HR, 2.493 [95% CI, 1.393–4.462]). 
Interestingly, lymphocytopenia (HR, 2.153 [95% CI, 1.097–4.225]) was 
additionally identified as an unfavorable factor to 10-day viral shedding. 

4. Discussion 

To our knowledge, few previous studies have been done among pa-
tients with COVID-19 viral shedding [11]. Additionally, details of the 
clinical and virological course of illness have not yet been well 
described. Under the circumstances, the estimation of risk factors for 
viral shedding in cases series was very meaningful. 

In the current study of 87 hospitalized COVID-19-infected patients, 
we identified independent risk factors for delayed viral shedding and 
examined the impact of clinical treatment regimens on COVID-19 RNA 
shedding. It should be noted that, as the incubation period for individual 
case increased uncertainty in the intervals of exposure and symptom 
onset [12,13], and almost half of all cases were admitted over 5 days 
after illness onset, we defined the interval from admission to the date of 
the first COVID-19 RNA negative result before discharge as the 
COVID-19 RNA shedding duration, which might also over-represent 
hospitalized impact on viral shedding. 

Until now, there have been no effective antiviral treatments for the 
COVID-19 infection, although some medicines (Arbidol, Kaletra) have 

Table 1 
Duration of COVID-19 RNA shedding.  

Variable n Duration of viral RNA 
shedding (days) 

P-value 

Age (yrs)   0.50 
<50 53 12.70 ± 1.05  
≥50 34 13.76 ± 1.07  

Gender   0.33 
Male 46 13.83 ± 1.13  
Female 41 12.32 ± 1.00  

History of Hubei Province stay   0.59 
No 40 12.48 ± 1.06  
Yes 47 13.66 ± 1.09  

Characteristics of chest CT on 
admission   

>0.05 

No sign of pneumonia 7 12.14 ± 2.45  
GGOs 31 13.94 ± 1.42  
Crazy-paving pattern 24 12.79 ± 1.39  
Consolidative 25 12.68 ± 1.36  

Time from illness onset to 
hospitalization   

0.005 

<5 days 48 15.02 ± 1.06  
≥5 days 39 10.77 ± 0.98  

Cumulative corticosteroids 
dosage    
No 61 12.56 ± 0.97 *<0.05 
<200 mg 11 11.73 ± 1.78  
≥200 mg 15 16.40 ± 1.33*  

Antiviral therapy   0.001 
Arbidol-included 43 15.58 ± 1.18  
Arbidol-excluded 44 10.70 ± 0.83  

Length of lymphopenia   0.46 
No 43 12.53 ± 1.20  
Yes 44 13.68 ± 0.95  

Clinical severity   0.30 
Non-severe 66 12.67 ± 0.90  
Severe 21 14.52 ± 1.38   

Table 2 
Clinical characteristics and duration of COVID-19 RNA shedding.  

Variable Viral shedding 
(≥14 days) 

Viral shedding 
(<14 days) 

P- 
value 

Age (yrs)    
<50 19(55.9) 34(64.2) 0.441 
≥50 15(44.1) 19(35.8)  

Gender    
Male 19(55.9) 27(50.9) 0.652 
Female 15(44.1) 26(49.1)  

History of Hubei Province 
stay   

0.246 

No 13(38.2) 27(50.9)  
Yes 21(61.8) 26(49.1)  

Characteristics of chest CT 
on admission   

0.724 

No sign of pneumonia 2(5.9) 5(9.4)  
GGOs 13(38.2) 18(44.0)  
Crazy-paving pattern 11(32.4) 13(24.5)  
Consolidative 8(23.5) 17(32.1)  

Time from illness onset to 
hospitalization   

0.006 

<5 days 25(73.5) 23(43.4)  
≥5 days 9(26.5) 30(56.6)  

Cumulative corticosteroids 
dosage   

0.056 

No 21(61.8) 40(75.5)*  
<200 mg 3(8.8) 8(15.1)**  
≥200 mg 10(29.4) 5(9.4)***  

Antiviral therapy   0.006 
Arbidol-included 23(67.6) 20(37.7)  
Arbidol-excluded 11(32.4) 33(62.3)  

Lymphopenia   0.428 
No 15(44.1) 28(52.8)  
Yes 19(55.9) 25(47.2)  

Clinical severity   0.357 
Non-severe 24(70.6) 42(79.2)  
Severe 10(29.4) 11(20.8)  

Note: *, P = 0.908, “No” with “<200 mg”; **, P = 0.023, “No” with “≥200 mg”; 
***, P = 0.047, “<200 mg” with “≥200 mg”. 

Table 3 
Multi-variate analysis of risk factor associated with prolonged viral shedding 
(≥14 days) in patients with COVID-19 infection.  

Variable Unadjusted HR 
(95% CI) 

P- 
value 

Adjusted HR (95% 
CI) 

P- 
value 

Age 
≥50 (yrs) 1.345 

(0.767–2.359) 
0.302   

Gender 
Male 1.216 

(0.709–2.085) 
0.477   

History of Hubei Province stay 
Yes 1.337 

(0.779–2.293) 
0.292   

Time from illness onset to hospitalization 
<5 days 2.235 

(1.294–3.860) 
0.004 2.503 

(1.433–4.371) 
0.001 

Cumulative corticosteroids dosage 
<200 mg 0.894 

(0.418–1.912) 
0.771 0.852 

(0.396–1.835) 
0.683 

≥200 mg 2.976 
(1.172–7.576) 

0.022 3.425 
(1.339–7.143) 

0.010 

Antiviral therapy 
Arbidol- 

included 
2.211 
(1.266–3.862) 

0.005 2.073 
(1.185–3.626) 

0.011 

Lymphopenia 
Yes 1.488 

(0.866–2.556) 
0.150   

Clinical severity 
Severe 1.500 

(0.771–2.918) 
0.232    
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been most commonly used, no controlled trials have demonstrated their 
benefits. Our study is earlier to assess the impact of different anti-viral 
regimens, including combination treatment on viral shedding. Due to 
the deficiency of sample size and an un-matched control group, we could 
not draw an accurate conclusion about the role of anti-viral regimens in 
patients with COVID-19. In spite of that, our finding strongly indicated 
that arbidol did not provide an additional virologic benefit as compared 
with baseline treatment. 

Corticosteroids are widely used to prevent lung injury caused by 
severe community-acquired pneumonia (sCAP) [14]. More importantly, 
the severe H1N1-illness benefited from adjunctive treatment with low 
dose of corticosteroids [15]. However, most observational studies have 
reported that usage of corticosteroids was associated with persistent 
viral shedding in patients with seasonal influenza, MERS and SARS [7, 
16–18]. 

Nowadays, systematic corticosteroids treatment (methylpredniso-
lone, <1–2 mg per kg body weight, for 3–5 days) was recommended to 
be an adjuvant therapy, which immediately raised concerns about 
whether COVID-19 infected patients could benefit from corticosteroids 
therapy. This present study indicated that over 200 mg of 
methylprednisolone-equivalent dose or an excessive cumulative dose 
was a risk factor associated with delayed viral clearance. In addition, a 
further study found that less 200 mg of methylprednisolone-equivalent 
dose or a cumulative dose was not considered as unfavorable factor to 
viral shedding compared with no usage of corticosteroids. Notably, we 
did not focus on the impact of duration of corticosteroids therapy on 

viral shedding, as almost all of cases received corticosteroids over 200 
mg were corresponding to those received corticosteroids over 5 days. 
Hence, lower dose and short duration of corticosteroids treatment, along 
with adverse drug reaction monitoring, would be more beneficial in 
clinical management of critical patients with COVID-19 [19]. 

The presence of lymphocytopenia as a signature of severe COVID-19 
was confirmed by Wang D et al., reported that ICU patients had a median 
lymphocyte count of 800 cells/mm3 [3]. The presence of lymphocyto-
penia suggested the existence of immunological dysregulation serve as 
an accompanying event of the critical illness [20,21]. In this study, 
although cases presented with lymphocytopenia displayed the impaired 
viral shedding within the initial 10 days during hospitalization, lym-
phocytopenia was not considered to be able to generate delayed viral 
shedding across whole disease course. 

All the patients confirmed to have COVID-19 infection have identi-
fiable epidemiological connections. Of the index cases imported from 
Hubei province, they resulted in the occurrence of secondary infections 
in Suzhou. It was important to analyze and determinate the difference of 
viral shedding between index cases and their next-generation cases [13]. 
So far, of those with secondary infection, they displayed comparable 
duration of viral shedding with those who had the history of Hubei 
province stay. 

As reported in H7N9 infection, it was reinforced guidance that NAI 
treatment should be started as soon as possible in patients [17]. 
Nevertheless, our data showed that time from illness onset to hospital-
ization (<5 days) was an independent predictor of delayed viral 

Fig. 2. Kaplan-Meier survival analysis was used to 
estimate the 10-day COVID-19 RNA clearance. A, 
Cumulative proportion of patients between who 
received arbidol-included therapy and those received 
arbidol-excluded therapy. B, Cumulative proportion 
of patients presented with or without lymphocytope-
nia. C, Cumulative proportion of patients admitted 
<5 days versus ≥5 days after illness onset. D, Cu-
mulative proportion of non-severe and severe group. 
E, Cumulative proportion of patients treated with 
≥200 mg, <200 mg of cumulative corticosteroid and 
no usage of corticosteroid.   
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shedding, which meant early hospitalization and therapy could not alter 
the virologic outcomes in patients with COVID-10 infection. It is sug-
gested that pathophysiology and natural history of COVID-19 itself 
impact the virologic process [22,23]. 

Finally, limited by the deficiency of sample size and retrospective 
nature, we could not draw an accurate conclusion about the risk factors 
to the delayed viral shedding. Whatever, our clinical experiences and 
available descriptive data were prone to support clinicians to identify 
patients with delayed viral shedding, thereby providing the rational 
treatment and optimal anti-viral strategy [11]. 
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