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[Abstract] Objective: To study data about SARS-CoV-2 virus shedding and clarify the risk
factors for prolonged virus shedding. Methods: Data were retrospectively collected from adults
hospitalized with laboratory-confirmed coronavirus disease-19 (COVID-19) in Wuhan Union
Hospital. We compared clinical features among patients with prolonged (a positive SARS-CoV-2
RNA on day 23 after illness onset) and short virus shedding and evaluated risk factors associated
with prolonged virus shedding by multivariate regression analysis. Results: Among 238 patients,
the median age was 55.5 years, 57.1% were female, 92.9% (221/238) were administered with
arbidol, 58.4% (139/238) were given arbidol in combination with interferon. The median duration
of SARS-CoV-2 virus shedding was 23 days (IQR, 17.8–30 days) with a longest one of 51 days.
The patients with prolonged virus shedding had higher value of D-dimer (P=0.002), IL-6 (P<0.001),
CRP (P=0.005) and more lobes lung lesion (P=0.014) on admission, as well as older age (P=0.017)
and more patients with hypertension (P=0.044) than in those the virus shedding less than 23 days.
Multivariate regression analysis revealed that prolonged viral shedding was significantly associated
with initiation arbidol ≥8 days after symptom onset [OR: 2.447, 95% CI (1.351–4.431)], ≥3 days
from onset of symptoms to first medical visitation [OR: 1.880, 95% CI (1.035–3.416)], illness onset
before Jan. 31, 2020 [OR: 3.289, 95% CI (1.474–7.337)]. Arbidol in combination with interferon
was also significantly associated with shorter virus shedding [OR: 0.363, 95% CI (0.191–0.690)].
Conclusion: Duration of SARS-CoV-2 virus shedding was long. Early initiation of arbidol and
arbidol in combination with interferon as well as consulting doctor timely after illness onset were
helpful for SARS-CoV-2 clearance.
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Outbreak of the novel coronavirus disease-19
(COVID-19) caused by SARS-CoV-2 has been rapidly
spreading worldwide. Up to September 8, 2020, more
than 27 256 723 people with 891 308 deaths have
been infected by SARS-CoV-2 globally[1]. Building
programs and strategies including isolation and careful
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management based on the duration of virus shedding
and clinical characteristics of patients with COVID-19
is very important to control transmission of the SARSCoV-2 infection[2].
Viral replication in respiratory cells which is
related with virus shedding is the important factor
contributing to the pathogenesis of COVID-19[3, 4], more
importantly, virus shedding which is associated with
disease severity and course[5] was the most important
factors in guiding isolation of patients with COVID-19
and evaluating the risk of transmission. There are
many factors contributing to the prolonged respiratory
virus shedding, such as delayed initiation of antiviral
treatment[6–8], the corticosteroid administration[6, 8],
major comorbidities[7–9], older age[8], duration of
respiratory symptoms[7] and severity[5]. By now, the
therapeutic antivirals for COVID-19 including arbidol,
interferon, ribavirin, and chloroquine phosphate have
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been recommended to continue the clinical trial[10]
and FDA authorized remdesivir for emergency use for
severe patients with COVID-19[11]. In a retrospective
cohort study for 504 patients, arbidol showed lower
mortality and faster lesion absorption than ostalmovir
and lopinavir groups[12]. Remdesivir was better than
placebo in reducing the time to recovery in adults with
COVID-19[13]. Existing research on hydroxychloroquine
showed no benefit with shortening COVID-19 viral
shedding[14–16]. Besides, recent research showed that
among COVID-19 patients who were receiving either
invasive mechanical ventilation or oxygen alone, the
use of dexamethasone reduced 28-day mortality[17].
However, few studies have evaluated risk factors for
prolonged SARS-CoV-2 virus clearance and the effects
of delayed treatment on viral shedding in patients with
COVID-19.
Here, we conducted a retrospective cohort study
on 238 hospitalized patients with laboratory-confirmed
COVID-19 during January–May 2020 to identify
the detail virus shedding, the clinical characteristics
associated with the prolonged virus shedding and
the risk factors for prolonged SARS-CoV-2 virus
clearance, additionally, we estimated the effects of
antivirals on the SARS-CoV-2 virus clearance as well.
1 MATERIALS AND METHODS
1.1 Study Design and Participants
This was a retrospective observational cohort study
of patients with confirmed COVID-19 in Wuhan Union
Hospital. All patients were confirmed COVID-19 by
real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) according to WHO guidance[18].
Ethical approval was waived by the institutional
review board of the hospital since we collected and
analyzed all data from the patients according to the
policy for public health outbreak investigation of
emerging infectious diseases issued by the National
Health Commission of the People’s Republic of China.
1.2 Data Collection
Demographic information, comorbidities, symptoms,
date of symptom onset, radiological images, laboratory
results on admission, and treatment data of patients
with COVID-19 were extracted from electronic
medical records.
1.3 Laboratory Procedures
To identify SARS-CoV-2 infection, throat swab
samples were collected from all patients on admission
and tested by RT-PCR according to the protocol
described by us previously[19] (Supplementary). For
patients, throat swab specimens were collected for
SARS-CoV-2 PCR examination every other day after
admission. We deﬁned the duration of viral detection
as the number of days from illness onset until the
day of the first negative RT-PCR specimen when two

consecutive negative specimens were tested. In our
current analysis, prolonged viral shedding was deﬁned
as viral shedding ≥23 days (median duration of SARSCoV-2 RNA shedding of 238 patients).
1.4 Statistical Analysis
We described continuous variables by using
median values with interquartile range (IQR), and
categorical variables by using absolute or relative
frequencies. Mann Whitney U test for analysis of
continuous variables and the χ2 test or Fisher exact test
for analysis of discrete variables were used in bivariate
analyses. To identify risk factors associated with
prolonged duration of SARS-CoV-2 RNA shedding,
we included indicators that were significantly different
between the two group (viral shedding ≥23 vs. <23
days) except of length of hospital stay to evaluate the
factors associated with virus shedding by univariable
regression analysis, and then the significantly
contributing factors in univariable regression analysis
were included to identify risk factors of prolonged
SARS-CoV-2 virus shedding by multivariable logistic
regression models. We used Kaplan-Meier survival
analysis to estimate the cumulative SARS-CoV-2
RNA-negativity rate and the stratified log-rank statistic
to compare the difference of SARS-CoV-2 clearance
between patients with and without risk factors.
The statistical analyses and graphics were
performed using IBM SPSS 22.0 (SPSS Inc.,USA) and
R 3.6.0 (The R Foundation for Statistical Computing,
Austria). For all the analyses, P<0.05 was considered
to be statistically significant and all tests were 2-tailed,
unless otherwise indicated.
2 RESULTS
2.1 Demographics and Characteristics
Among 242 adult patients who were confirmed
COVID-19 and hospitalized in Wuhan Union Hospital
from January 15, 2020 to May 15, 2020, 4 non-survivors
who were positive for SARS-CoV-2 RNA until death
(supplementary table 1) were excluded, 238 patients
with COVID-19 were enrolled in the final analysis.
The median age was 55.5 years (IQR, 35–67.3 years),
and 136 patients (57.1%) were female. Fever and
cough were the most common symptoms on admission.
A total of 88 patients (37.0%) had comorbidities and
the most common comorbidities were hypertension
(67, 28.2%), diabetes (22, 9.2%), and cardiovascular
disease (13, 5.5%), followed by chronic lung disease
(8, 3.4%), digestive system disease (5, 2.1%), nervous
system disease (3, 1.3%), hypothyroidism (3, 1.3%),
chronic kidney disease (2, 0.8%). The median time
from admission to discharge was 20 days (IQR, 14–
26 days), and the median time from illness onset to
first medical visitation was 3 days (IQR, 1–6.3 days).
Among the 238 patients, 92.9% (221/238) were given
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Table 1 Demographic and clinical characteristics of patients with COVID-19 on admission
Total
Viral shedding ≥23 days Viral shedding <23
Characteristics
(n=238)
(n=128)
(n=110)
Days of viral shedding
23 (17.8–30)
30 (25–34)
17 (14–20)
Age, years
55.5 (35–67.3)
60 (39.3–68.8)
51 (32–66)
<65
150 (6.3)
73 (57)
78 (70.9)
≥65
88 (37)
55 (43)
32 (29.1)
Gender
Male
102 (42.9)
61 (47.7)
41 (37.3)
Female
136 (57.1)
67 (52.3)
69 (62.7)
Current smoker
7 (2.9)
2 (1.6)
5 (4.5)
Date of illness onset
Before January 31*
190 (79.8)
109 (85.2)
82 (74.5)
After January 31
48 (20.2)
19 (14.8)
29 (25.5)
Disease severity status
Mild/General
202 (84.9)
111 (86.7)
91 (82.7)
Severe/Critical
36 (15.1)
17 (13.3)
19 (17.3)
Symptoms
Fever
188 (79)
98 (76.6)
90 (81.8)
Cough
154 (64.7)
86 (67.2)
68 (61.8)
Sputum
75 (31.5)
38 (29.7)
37 (20.9)
Myalgia
62 (26.1)
39 (30.5)
23 (20.9)
Dyspnea
101 (42.4)
58 (45.3)
43 (39.1)
Fatigue
114 (47.9)
62 (48.4)
52 (47.3)
Pharyngalgia
33 (13.9)
16 (12.5)
17 (15.5)
Digestive symptoms
73 (30.7)
36 (28.1)
37 (33.6)
Highest temperature (°C)
38.5 (38–39)
38.5 (38.1–39)
38.5 (37.9–39)
≥39.0
57 (23.9)
29 (22.7)
28 (25.5)
<39.0
181 (76.1)
99 (77.3)
82 (74.5)
Length of fever, days
10 (6–14)
13 (8– 20)
9 (5–12)
Comorbidities
88 (37)
54 (42.2)
34 (30.9)
Hypertension
67 (28.2)
43 (33.6)
24 (21.8)
Cardiovascular disease
13 (5.5)
7 (5.5)
6 (5.5)
Diabetes
22 (9.2)
9 (7)
13 (11.8)
Chronic lung disease
8 (3.4)
4 (3.1)
4 (3.6)
Chronic kidney disease
2 (0.8)
2 (1.6)
0 (0)
Nervous system disease
3 (1.3)
1 (0.8)
2 (1.8)
Digestive system disease
5 (2.1)
4 (3.1)
1 (0.9)
Immune system disease
2 (0.8)
2 (1.6)
0 (0)
Hypothyroidism
3 (1.3)
2 (1.6)
1 (0.9)
Co-infections
11 (4.6)
8 (6.3)
3 (2.7)
Treatment in hospital
Supplemental oxygen required
105 (44.1)
53 (41.4)
52 (47.3)
Nasal cannula
86 (36.1)
42 (32.8)
44 (40)
Mask
7 (2.9)
6 (4.7)
1 (0.9)
NMV/IMV/ECMO
12 (5.1)
5 (3.9)
7 (6.4)
Antibacterial
229 (96.2)
122 (95.3)
107 (97.3)
Corticosteroids
54 (22.7)
22 (17.2)
32 (29.1)
Dose, hydrocortisone equivalents per day, mg
150 (133–200)
165 (129–200)
144 (134–166)
Length of usage, days
3 (1–8)
5 (1.8–9)
2 (1–4.8)
Cumulative dose of hydrocortisone equivalents, mg 400 (200–1300)
697 (265–1450)
300 (196–734)
Antiviral treatment
Arbidol monotherapy
82 (34.4)
58 (45.3)
24 (21.8)
Interferon monotherapy
3 (1.3)
2 (1.6)
1 (0.9)
Lopinavir/ritonavir monotherapy
1 (0.4)
1 (0.8)
0 (0)
Arbidol-interferon combination
139 (58.4)
62 (48.4)
77 (70)
Interferon-lopinavir/ritonavir combination
5 (2.1)
3 (2.3)
2 (1.8)

P value
<0.001
0.017

0.107

0.361
0.027

0.394

0.323
0.320
0.515
0.095
0.335
0.858
0.513
0.360
0.383

<0.001
0.073
0.044
0.389
0.205
0.828
0.190
0.477
0.236
0.190
0.654
0.198
0.363

0.431
0.011
0.406
0.058
0.023
<0.001
1.000
1.000
0.001
1.000

(Continued to the next page)

1099

Current Medical Science 41(6):2021
(Continued from the last page)

Total
Viral shedding ≥23 days Viral shedding <23
P value
(n=238)
(n=128)
(n=110)
Miss
8 (3.4)
2 (1.6)
6 (5.5)
0.194
Onset of symptoms to use arbidol, days
8 (5–14)
11 (7–16)
7 (2–11)
<0.001
Onset of symptoms to use interferon, days
11 (7–17)
13 (10–22)
8 (6–12.8)
<0.001
Onset of symptoms to first medical visitation, days
3 (1–6.3)
5 (2–8)
2 (0.8–4)
<0.001
Onset of symptoms to first admission, days
10 (6–16.3)
14 (9–21)
7 (5–10.3)
<0.001
Length of hospital, days
20 (14–26)
25 (18–27)
16 (11–21)
<0.001
Data are median (IQR) or n (%). P values were calculated by Mann-Whitney U test, χ2 test, or Fisher’s exact test, as appropriate.
Values in boldface indicate statistical significance (P<0.05). IQR, interquartile range; NMV, noninvasive ventilation; IMV, invasive
ventilation; ECMO, extracorporeal membrane oxygenation. *January 31 was included in the before January 31 group.
Characteristics

hypertension was higher (33.6%, P=0.044), age was
older (P=0.017), time of fever was longer (P<0.001),
hospital stay was longer (P<0.001) and first medical
visitation was later (P<0.001) than those with viral
shedding <23 days. More patients with prolonged
viral shedding had onset symptoms before January
31, 2020 than those with viral shedding <23 days
(85.2%, P=0.027). Less patients with prolonged viral
shedding received corticosteroids (17.2%, P=0.011),
but the cumulative doses of corticosteroid usage
were significantly greater (P=0.023) than those of
patients with viral shedding <23 days. The dose of
corticosteroids per day (165 mg vs. 144 mg) and use
length of corticosteroids (5 days vs. 2 days) were
increased in prolonged viral shedding group (P=0.406,
P=0.058). The median time from illness onset to
initiation of arbidol or interferon therapy was 11 days
(IQR, 7–16 days) vs. 7 days (IQR, 2–11 days) (P<0.001)
for arbidol and 13 days (IQR, 10–22 days) vs. 8 days
(IQR, 6–12.8 days) (P<0.001) for interferon in patients
with virus shedding ≥23 vs. <23 days. In prolonged
viral shedding group, the percentage of patients
using arbidol in combination with interferon was
significantly lower (P=0.001). As summarized in table
2, elevated C-reactive protein (CRP), interleukin-4 (IL4), IL-6 and D-dimer, and increased lobes lesions in

arbidol, and 61.7% (147/238) were given interferon.
The median time from illness onset to arbidol initiation
was 8 days (IQR, 5–14 days) and interferon initiation
was 11 days (IQR, 7–17 days). Among them, arbidol
monotherapy was given in 82 (34.4%); arbidol in
combination with interferon in 139 (58.4%); interferon
monotherapy in 3 (1.3%); interferon in combination
with lopinavir/ritonavir in 5 (2.1%); and lopinavir/
ritonavir monotherapy in 1 (0.4%); and miss in 8
(3.4%) (table 1).
2.2 SARS-CoV-2 Viral Shedding and Comparison
of Characteristics of Patients with Prolonged and
Short Viral Shedding
The median duration of viral shedding was 23
days (IQR, 17.8–30 days) from illness onset. The
longest observed duration of viral shedding was 51
days, whereas the shortest was 9 days. We found that
SARS-CoV-2 RNA was cleared in 23 patients (9.7%)
within 14 days, and 14 patients (5.9%) with up to 40
days (fig. 1).The data of patients with viral shedding
<23 days and ≥23 days groups were compared (table
1). There was no significant difference between the two
groups in sex, comorbidities (except hypertension),
symptoms (except length of fever), co-infection,
antibacterial therapy or supplemental oxygen required.
In patients with prolonged viral shedding, incidence of
10
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Fig. 1 Distribution of arbidol treatment and proportion of patients with undetectable SARS-CoV-2 RNA by day after onset of symptom
Among 238 patients, 221 patients (92.9%) received arbidol treatment, and 17 patients (7.1%) did not receive arbidol treatment.
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Table 2 Laboratory and radiographic findings of patients on admission
Total
Viral shedding ≥23 days Viral shedding <23
(n=238)
(n=128)
(n=110)

P value

Hematologic results
WBC, 109/mL
238
5.3 (4.1–6.7)
5.0 (3.8–6.8)
0.203
Neutrophils, 109/mL
238
3.3 (2.6–4.7)
3.3 (2.4–4.6)
0.522
Lymphocytes, 109/mL
238
1.2 (0.9–1.6)
1.0 (0.8–1.5)
0.051
Lymphocytes <0.8×109/mL
238
21 (16.4)
27 (24.5)
0.119
T lymphocytes
CD3+ (%)
194
74.1 (69.0–80.3)
74.1 (72.0–79.1)
0.656
CD4+ (%)
194
44.6 (40.2–51.0)
44.6 (37.9–45.9)
0.223
CD8+ (%)
194
24.9 (19.6–28.1)
24.9 (23.2–29.8)
0.081
CD4+/CD8+, ratio
194
2.0 (1.6–2.5)
1.9 (1.3–2.1)
0.054
Biochemical results
ALT >40 U/L
52/238 (21.8)
29 (22.7)
23 (20.9)
0.745
AST >40U/L
35/238 (14.7)
20 (15.6)
15 (13.6)
0.666
LDH >245 U/L
82/234 (35)
46 (36.8)
36 (33.0)
0.546
Urea nitrogen >8.2 mmol/L
6/238 (2.5)
5 (3.9)
1 (0.9)
0.221
Creatinine >133 μmol/L
2/238 (0.8)
2 (1.6)
0 (0)
0.501
Infection-related markers
CRP >8.0 mg/L
102/219 (46.6)
62 (55.9)
40 (37.0)
0.005
PCT >0.5 μg/L
3/222 (1.4)
1 (0.9)
2 (1.9)
0.610
IL-2 >4.1 pg/mL
5/196 (2.6)
4 (3.7)
1 (1.1)
0.382
IL-4 >3.2 pg/mL
12/196 (6.1)
11 (10.2)
1 (1.1)
0.013
IL-6 >2.9 pg/mL
154/213 (72.3)
114 (95.8)
40 (42.6)
<0.001
IL-10 >5.00 pg/mL
30/196 (15.3)
19 (17.6)
11 (12.5)
0.325
TNF-α >23.00 pg/mL
7/196 (3.6)
5 (4.6)
2 (2.3)
0.619
IFN-γ >18.00 pg/mL
1/196 (0.5)
1 (0.9)
0 (0)
D-dimer >0.5μg/L
79/219 (36.1)
51 (45.9)
28 (25.9)
0.002
Chest CT images
0.014
Normal
7/224 (3.1)
3 (2.4)
4 (4.0)
One lung lobs lesion
40/224 (17.9)
14 (11.4)
26 (25.7)
More lung lobs lesion
177/224 (79)
106 (86.2)
71 (70.3)
Data are median (IQR), n (%) or n/N (%). P values were calculated by Mann-Whitney U test, χ2 test, or Fisher’s exact test, as appropriate.
Values in boldface indicate statistical significance (P<0.05). WBC, white blood cells; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; LDH, lactate dehydrogenase; CRP, C-reactive protein; PCT, procalcitonin; IL-2, interleukin-2; IL-4, interleukin-4;
IL-6, interleukin-6; IL-10, interleukin-10; TNF-α, tumor necrosis factor-α; IFN-γ: interferon-γ; CT, computed tomography. Reference
range of laboratory test are summarized in Supplementary table 4.

lung CT were significantly related with the prolonged
viral shedding of COVID-19.
2.3 Risk Factors for Prolonged Viral Shedding
To identify risk factors associated with prolonged
duration of SARS-CoV-2 RNA shedding, we included
indicators that were significantly different between
the two groups (viral shedding ≥23 vs. <23 days). The
results demonstrated that age older than 65 years, date
of illness onset (before or after January 31, 2020),
the time from illness onset to first medical visitation,
hypertension, arbidol in combination with interferon,
lesions in lung CT images, and the time from illness
onset to arbidol treatment initiation were significantly
associated with the duration of SARS-CoV-2 RNA
shedding by univariable regression analysis. Other
indicators including cumulative dose of corticosteroids
≥400 mg was not associated with prolonged viral
shedding significantly (table 3).
The multivariable logistic regression showed the

time from illness onset to arbidol initiation ≥8 days,
first medical visitation after illness onset ≥3 days, and
illness onset before January 31, 2020 were independent
factors associated with the duration of SARS-CoV-2
RNA shedding. Importantly, arbidol in combination
with interferon was also significantly associated with
shorter virus shedding (table 3).
2.4 Impact of Antiviral Treatment Regimens
The median time from illness onset to arbidol
initiation was 8 days (IQR, 5–14 days). The median
duration of SARS-CoV-2 virus shedding was 20 days
(IQR, 16–25 days) in the patients with initiation of
arbidol <8 days from illness onset and 28 days (IQR,
21–33) in patients with initiation arbidol ≥8 days
from illness onset. SARS-CoV-2 RNA clearance was
significantly delayed in patients who received arbidol
beginning ≥8 days after illness onset as compared with
those in whom arbidol was started <8 days after illness
onset (HR=1.675, 95% CI: 1.240–2.262, P<0.001; fig.
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Table 3 Univariate and multivariate Logistic regression analysis for prolonged viral shedding of patients with COVID-19
Univariate
Multivariate
OR (95% CI)
P-value
OR (95% CI)
P-value
Age ≥65 years old
1.836 (1.070–3.152)
0.027
1.242 (0.633–2.437)
0.528
Hypertension
1.813 (1.012–3.246)
0.045
1.411 (0.709–2.808)
0.327
Length of fever ≥10 days
1.544 (0.917–2.600)
0.102
Date of illness onset before Jan. 31
2.054 (1.077–3.919)
0.029
3.289 (1.474–7.337)
0.004
Onset of symptoms to first medical visitation ≥3
2.842 (1.667–4.845)
<0.001
1.880 (1.035–3.416)
0.038
days
Cumulative dose of corticosteroids ≥400 mg
1.066 (0.488–2.327)
0.873
Starting arbidol ≥8 days from illness onset
3.062 (1.791–5.234)
<0.001
2.447 (1.351–4.431)
0.003
Interferon and arbidol combination
0.403 (0.236–0.688)
0.001
0.363 (0.191–0.690)
0.002
Starting interferon ≥11 days from illness onset
1.077 (0.282–4.115)
0.913
CRP >8.0 mg/L
0.803 (0.474–1.359)
0.413
IL-4 >3.2 pg/mL
3.353 (0.911–12.344)
0.069
IL-6 >2.9 pg/mL
1.382 (0.450–4.242)
0.572
D-dimer >0.5 μg/L
1.577 (0.943–2.636)
0.082
More lung lobs lesion in chest CT images
2.448 (1.366–4.387)
0.003
1.743 (0.894–3.396)
0.103
CI, confidence interval; OR, odds ratio; CRP, C-reactive protein; IL-4, interleukin-4; IL-6, interleukin-6; CT, computed tomography
B
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Fig. 2 A: Cumulative proportion of between patients who started arbidol therapy <8 days and ≥8 days after illness onset with detectable
SARS-CoV-2 RNA, by day after onset of illness. B: Cumulative proportion of patients who firstly visited medical staff <3
days from symptoms onset versus ≥3 days who had detectable SARS-CoV-2 RNA, by day after onset of illness. C: Cumulative
proportion of patients treated with arbidol versus combination of arbidol and interferon who had detectable SARS-CoV-2 RNA,
by day after onset of illness. D: Cumulative proportion of patients after onset illness before Jan. 31 versus after Feb. 1 who had
detectable SARS-CoV-2 RNA, by day after onset of illness. HR, hazard ratio; CI, confidence interval. Jan. 31 was included in
before January 31 group and Feb. 1 was included in after Feb. 1 group.

2A). The characteristics of patients of the two groups
were summarized in supplementary table 2. We further
compared characteristics of patients within 65 years
with COVID-19 who started arbidol within 7 days and

more than 7 days (supplementary table 3).
As compared with arbidol monotherapy (28 days,
IQR, 16–28 days), the median durations of SARSCoV-2 shedding in patients with arbidol-interferon
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combination therapy (21 days, IQR, 21.8–33 days) were
significantly shortened (P<0.001). As compared with
those who received arbidol-interferon combination
therapy, the virus clearance was also delayed in patients
given arbidol monotherapy in Kaplan-Meier survival
analysis (fig. 2C). The main characteristics of patients
who received arbidol monotherapy and arbidolinterferon combination therapy were summarized in
supplementary table 2.
3 DISCUSSION
In the current cohort study of 238 hospitalized
patients with COVID-19, we found that the duration
of SARS-CoV-2 RNA shedding was long, and
patients with prolonged virus shedding had higher
value of D-dimer, inflammation markers, more lobes
lesions in lung CT images and older age as well as
more hypertension. We also found that initiation of
arbidol less than 8 days after illness onset as well as
combination with arbidol and interferon were helpful
for SARS-CoV-2 RNA clearance. Additionally,
the time from onset of symptoms to first medical
visitation more than 3 days was also an independent
risk factor for prolonged SARS-CoV-2 RNA detection.
Interestingly, compared with illness onset after Jan. 31,
2020, illness onset before Jan. 31, 2020 was associated
with prolonged SARS-CoV-2 RNA shedding.
We detected SARS-CoV-2 RNA in the respiratory
tract for a median duration of 23 days, which was longer
than 20 days reported by an early study[20]. The SARSCoV-2 RNA was detected for more than 40 days
in 14 patients, with a longest 51 days in a 75 years
old man with severe COVID-19. The much longer
SARS-CoV-2 virus shedding may contribute to the
COVID-19 pandemic around the world, and indicate
more time may be needed to isolate the patients with
COVID-19 and the length of antiviral treatment may
be longer. The prolonged virus shedding duration of A
(H1N1) pdm09 and highly pathogenic avian influenza
A (H5N1) virus shedding were associated with
severity of disease[5, 6, 21, 22]. The SARS-CoV-2 virus
shedding of the critical female patients with ARDS
who received the ECMO therapy was up to 49 days
and we detected the virus RNA in 4 deaths until they
died (supplemental table 1). Additionally, compared to
patients with virus shedding less than 23 days, more
patients with prolonged virus shedding had higher
values of D-dimer, IL-4, IL-6, CRP, more lobes lesions
in lung images, older age and more hypertension.
Previous studies have reported that the older age
and D-dimer were risk factors for death and acute
respiratory distress syndrome (ARDS) in COVID-19
patients[20, 23]. Besides, comorbidities, more lung lobes
lesions and higher levels of inflammation markers were
related with severity of COVID-19[10]. Those results
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combined with our present findings demonstrated that
patients with prolonged virus shedding were more
likely to develop to severe disease.
Antiviral treatment especially early initiated
antiviral treatment has been proven to shorten the
viral shedding of epidemic and seasonal influenza
as well as H7N9 avian influenza[6, 7, 24–26]. In this
retrospective study, most patients (221/238, 92.9%)
were administrated with arbidol, among them, arbidol
was initiated >5 days after illness onset in most
patients (fig. 1). Our results showed that initiation of
arbidol treatment before the 8 days of illness onset was
associated with a shorter duration of SARS-CoV-2
RNA shedding. Multivariate regression analysis
revealed that delayed arbidol antiviral therapy was
an independent risk factor of the prolonged SARSCoV-2 RNA shedding, which were consistent with
other study[27]. Arbidol, a small indole-derivative
molecule, as a broad-spectrum antiviral drug to treat
influenza and other respiratory viral infections[28, 29]
was recommended to treat COVID-19[10]. The antiviral
mechanism of arbidol involves inhibition of virusmediated fusion with target membrane and a resulting
block of virus entry into target cells was revealed to
effectively inhibit SARS-CoV in vitro[30]. Additionally,
arbidol showed effect to improve rate of discharging
and reduce mortality of patients with COVID-19[31].
These results combined with our present findings
suggested that arbidol exerts a therapeutic effect on
SARS-CoV-2 infections, however, further research
is needed to clarify the effects of additional arbidol
treatment for COVID-19.
Interferon, which was found to inhibit SARS-CoV
virus reproduction in vitro[32], is also a broad-spectrum
antiviral drug and is recommended to treat coronavirus
infection[33]. In the present study, about 147 patients
(61.8%) used interferon, among them, up to 94.6%
(139/147) was administrated in combination with
arbidol. Our findings showed arbidol combination with
interferon can help to clear SARS-CoV-2 RNA. The
effects of arbidol combination with interferon treatment
for COVID-19 are worth further study. Previous studies
demonstrated that low to middle dose of corticosteroid
can reduce the risk of death and shorten hospitalization
stay in severe SARS-pneumonia and COVID-19
pneumonia[23, 34]. However, most observational studies
have reported that use of corticosteroids was associated
with persistent viral shedding[6, 7, 16, 35]. In the present
study, 22.7% used corticosteroids and most of them
used in a short duration, which was not associated
with prolonged SARS-CoV-2 RNA shedding and
was in accordance with other study[36]. However, the
length and cumulative dose of corticosteroids usage
were increased in prolonged shedding group, which
demonstrated the long-term use of corticosteroids
to a certain dose may have a tendency to delay viral
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clearance.
Our present finding showed that the time from
onset of symptoms to first medical visitation more than
8 days was an independent risk factor for prolonged
SARS-CoV-2 RNA detection, which suggested
consultation of a doctor as soon as possible after illness
onset helped to clear SARS-CoV-2 (table 3, fig. 2B).
Interestingly, illness onset before Jan. 31, 2020 was
also associated with prolonged SARS-CoV-2 RNA
shedding, compared with illness onset after Jan. 31,
2020 (table 3, fig. 2D). This may be associated with
shortage of medical resources in January, 2020 in
Wuhan and a large number of patients with COVID-19
could not consult doctor and receive treatment timely.
Additionally, genomic-level and expression changes
during passage of viruses through transmissibility
may lead to the changes of transmissibility and
pathogenicity[37].
Some limitations of this study should be
acknowledged. First, the retrospective single-center
design leads to missing data and unavoidable biases
and the sample size is relatively small. Second, owing
to limited medical resources, most patients with
COVID-19 cannot visit hospital timely, leading to
the laboratory tests on admission reflecting different
disease stages. Third, because most of patients
received the antivirals therapy, we were not able
to get the natural virus shedding of patients with
COVID-19. Finally, because our study did not carry
out virus culture, patients with longer virus shedding
may not mean to spread the virus (because patients
may shed non-transmissible virus fragments, rather
than viable virus). Despite these limitations, the study
was designed to reflect the “real life” clinical situation.
Clinical information was meticulously gathered using
standard protocols by admitted medical team. This
has important implications for both patient isolation
decision making and guidance around the length of
antiviral treatment and the choice of antivirals.
To the best of our knowledge, we found that the
detectable SARS-CoV-2 RNA persisted for a median
of 23 days with longest 51 days, and initiation of
arbidol and/or combination with interferon as soon as
possible after illness onset were helpful for clearance
of SARS-CoV-2 RNA. Additionally, prolonged
SARS-CoV-2 RNA shedding in the respiratory tract
was independently associated with delayed medical
visitation and correlated with the illness onset day
(before or after Jan. 31, 2020). These results reinforce
consulting a doctor and receiving treatments timely
helps for SARS-CoV-2 clearance in patients with
COVID-19.
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