
J Med Virol. 2020;92:2666–2674.wileyonlinelibrary.com/journal/jmv2666 | © 2020 Wiley Periodicals LLC

Received: 8 April 2020 | Accepted: 1 June 2020

DOI: 10.1002/jmv.26127

R E S E A RCH AR T I C L E

Lopinavir/ritonavir and interferon combination therapy may
help shorten the duration of viral shedding in patients with
COVID‐19: A retrospective study in two designated hospitals
in Anhui, China

Yan Zuo1 | Yunlei Liu2 | Qi Zhong3 | Ke Zhang1 | Yuanhong Xu1 | Zhongxin Wang1

1Department of Clinical Laboratory, The First

Affiliated Hospital of Anhui Medical University,

Hefei, Anhui Province, China

2Department of Clinical Laboratory, Second

People's Hospital of Fuyang, Fuyang,

Anhui Province, China

3Department of Epidemiology and

Biostatistics, School of Public Health, Anhui

Medical University, Hefei, Anhui Province,

China

Correspondence

Zhongxin Wang, Department of Clinical

Laboratory, The First Affiliated Hospital of

Anhui Medical University, No. 218 Jixi Rd,

Hefei, Anhui Province, China.

Email: aywzhx87@163.com

Abstract

Prolonged viral shedding may pose a threat to the control of coronavirus disease‐
2019 (COVID‐19), and data on the duration of severe acute respiratory syndrome

coronavirus 2 (SARS‐CoV‐2) shedding are still limited, with the associated factors

being unknown. All adult patients with laboratory‐confirmed COVID‐19 were in-

cluded in this retrospective cross‐sectional study in two designated hospitals during

21 January 2020 to 16 March 2020 in Anhui, China. In all patients, data on the

duration of SARS‐CoV‐2 RNA shedding were analyzed by reviewing all RNA de-

tection results during hospitalization. In addition, demographic, clinical, treatment,

laboratory, and outcome data were also collected from electronic medical records.

Factors associated with prolonged viral shedding were analyzed with the Cox pro-

portional hazards model. Among 181 patients, the mean age was 44.3 ± 13.2 years,

and 55.2% were male. The median duration of viral shedding from illness onset was

18.0 days (interquartile range [IQR], 15.0‐24.0). Prolonged viral shedding was as-

sociated with longer hospital stays (P < .001) and higher medical costs (P < .001). The

severity of COVID‐19 had nothing to do with prolonged shedding. Moreover, the

median time from onset to antiviral treatment initiation was 5.0 days (IQR, 3.0‐7.0).
Delayed antiviral treatment (hazard ratio [HR], 0.976; 95% confidence interval [CI],

0.962‐0.990]) and lopinavir/ritonavir + interferon‐α (IFN‐α) combination therapy as

the initial antiviral treatment (HR 1.649; 95% CI, 1.162‐2.339) were independent

factors associated with prolonged SARS‐CoV‐2 RNA shedding. SARS‐CoV‐2 showed

prolonged viral shedding, causing increased hospital stays and medical costs. Early

initiation of lopinavir/ritonavir + IFN‐α combination therapy may help shorten the

duration of SARS‐CoV‐2 shedding.
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1 | INTRODUCTION

Coronavirus disease‐2019 (COVID‐19) has become a global health

emergency, since the first outbreak reported in December 2019 in

Wuhan, China.1 COVID‐19 is caused by a novel coronavirus, severe acute

respiratory syndrome coronavirus 2 (SARS‐CoV‐2), which is described as

highly similar to SARS‐CoV, with 82% nucleotide sequence homology.2 As

of 19 May 2020, 4 735622 cases of COVID‐19 were recognized in 216

countries/regions worldwide, with nearly 316289 fatalities.3

The clinical and epidemiological characteristics of patients with

COVID‐19 have been well documented, and from current data, the

population seems to be generally susceptible to this virus.4‐6 The

fatality rate was ~5.5% in China. Separately, older age, high sequential

organ failure assessment scores, and elevated d‐dimer levels were

described as risk factors for mortality in patients with COVID‐19.7

However, although the clinical spectrum appears to be wide, 80% of

cases are mild.8

Patients in the viral replication stage, especially asymptomatic

patients, may increase the risk of viral transmission to a greater

extent. Prolonged viral shedding has been reported to be associated

with fatal or severe patient outcomes, and is critical for controlling

diseases caused by viral infection in several studies.9,10 A recent

study has shown that SARS‐CoV‐2 in the respiratory tract, especially

sputum, is associated with a prolonged viral shedding and high viral

load, compared with stool specimens.11 Zhou et al7 reported that the

median duration of viral shedding in surviving patients with COVID‐
19 was 20.0 days. These studies undoubtedly confirm that prolonged

SARS‐CoV‐2 shedding poses a huge challenge to the control of

COVID‐19, especially for countries or regions that fail to adopt

mandatory isolation measures. However, until now, data on the

duration of SARS‐CoV‐2 shedding are still limited, with associated

factors being unknown.

Here, we conducted a retrospective, multicenter study of

181 hospitalized patients with laboratory‐confirmed SARS‐CoV‐2
infection who were identified during 21 January 2020 to 16 March

2020. We aimed to assess the risk factors for and outcomes of

prolonged SARS‐CoV‐2 shedding, focusing on the impact of initial

antiviral treatment on viral shedding.

2 | MATERIALS AND METHODS

2.1 | Study design and data collection

This retrospective study included all adult hospitalized patients

(≥18 years old) diagnosed with COVID‐19 during 21 January 2020

to 16 March 2020 from the First Affiliated Hospital of Anhui

Medical University and Second People's Hospital of Fuyang (Anhui,

China). Patients aged less than 18 years old or with missing virologic

data were excluded from this study.

Epidemiological, demographic, clinical, laboratory, treatment, and

outcome data were extracted from electronic medical records. All

data were checked by two physicians (YZ and YL) and a third

researcher (QZ) adjudicated any difference in interpretation between

the two primary reviewers. This study was approved by the

Ethics Committees of the First Affiliated Hospital of Anhui Medical

University and Second People's Hospital of Fuyang.

2.2 | Virologic investigations

SARS‐CoV‐2 infection was confirmed in all patients by testing

respiratory specimens with real‐time reverse transcription‐
polymerase chain reaction (RT‐PCR). SARS‐CoV‐2 RNA was de-

tected by local Centers for Disease Control and Prevention, local

health institutions, the First Affiliated Hospital of Anhui Medical

University or the Fuyang Second People's Hospital. Respiratory

specimens (throat‐swab or sputum specimens) were usually col-

lected every day or every other day for SARS‐CoV‐2 PCR re‐
examination after clinical remission of symptoms. Cycle threshold

(Ct) values greater than 38 were considered as negative results,

and those less than or equal to 35 were considered positive.

Respiratory specimens with Ct values greater than 35 and less

than or equal to 38 underwent repeat testing, and the results

were judged as positive if they were consistent with the former.

Positive results of SARS‐CoV‐2 RNA were reported only when

RT‐PCR results for both ORF1ab and N were positive. The

duration of SARS‐CoV‐2 RNA shedding was defined as the time

from illness onset until the test was negative on two occasions,

without a positive test afterwards. Notably, for asymptomatic

patients, the start date of SARS‐CoV‐2 RNA shedding was

defined as the time of the first positive RNA detection.

2.3 | Definitions

Based on current data, we conducted a comparative analysis that

included two cohorts of patients: those with prolonged shedding

(≥21 days) and those with short‐term shedding (<21 days). In ad-

dition, the COVID‐19 illness severity was defined according to the

Chinese management guideline for COVID‐19, in which patients

were divided into four types, namely, mild, general, severe, and

critical.12 In this study, patients with severe or critical status were

defined as severe, while those with mild or general status were

defined as nonsevere. Separately, initial antiviral therapy was de-

fined as the antiviral agents that were used at the initial stage after

onset, so the adjusted therapy according to the development of the

disease afterwards was excluded. In addition, antiviral agents and

antibiotics used for less than 72 consecutive hours were excluded.

The immunoglobin agents used in this study was human im-

munoglobulin (pH 4) for intravenous injection. The criteria for

starting steroids and immunoglobulins in the patients were

according to the Chinese management guideline for COVID‐19
(version 7.0).12 Exposure history was defined as exposure to people

with confirmed SARS‐CoV‐2 infection or to the regions in or around

the city of Wuhan.
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2.4 | Statistical analysis

Continuous variables that were in line with normal distribution were

presented as the means ( ̅)x ± SD and compared by t test, while those

that were not in line with normal distribution were presented as medians

(interquartile range [IQR]) and compared by the Mann‐Whitney U test.

Categorical variables were described as n (%) and compared by χ2 or

Fisher's exact test. To identify risk factors for prolonged duration of

SARS‐CoV‐2 RNA shedding, we conducted a Cox proportional hazards

model. Outcome was defined as the time from onset to SARS‐CoV‐2
RNA negativity (ie, duration of SARS‐CoV‐2 RNA shedding). The cov-

ariates included in this analysis were age, sex, current smokers, co-

morbidity, severity of disease, laboratory findings, treatment, and time

from onset to antiviral treatment initiation. What needs further ex-

planation is that variables that did not meet the proportional hazards

hypothesis were further analyzed using the time‐dependent Cox re-

gression model. Separately, we used Kaplan‐Meier survival analysis and

the log‐rank test to make initial comparisons between two groups

(ie, severe vs nonsevere patients, patients who started antiviral treat-

ment < 5 days from onset vs those who started antiviral treatment

≥5 days from onset, patients with lopinavir/ritonavir monotherapy as

the initial antiviral therapy vs those with lopinavir/ritonavir + interferon

[IFN]‐α, and patients with lopinavir/ritonavir + IFN‐α as the initial

antiviral treatment vs those with lopinavir/ritonavir + IFN‐α+ arbidol).

Statistical analyses were performed using Statistical Package for the

Social Sciences (SPSS), version 16.0 (SPSS Inc, Chicago, IL), and a two‐
tailed P< .05 was considered significant for all analyses.

3 | RESULTS

3.1 | Patients and demographics

From 21 January 2020 to 16 March 2020, a total of 203 hospitalized

patients with COVID‐19 were screened from the First Affiliated

Hospital of Anhui Medical University and the Second People's Hos-

pital of Fuyang (Anhui, China), of which 15 patients were aged less

than 18 years old and seven patients had missing virologic data. A

total of 181 adult hospitalized patients with virologic results were

included in the final analysis, and all of them had resolution of

SARS‐CoV‐2 shedding and had been discharged. The demographics

of the patients are presented in Table 1, and the mean age of the

181 patients was 44.3 ± 13.3 years, ranging from 18 years to

82 years, and 55.2% of them were male.

3.2 | Duration of SARS‐CoV‐2 RNA shedding

The median duration of SARS‐CoV‐2 shedding was 18.0 days (IQR,

15.0‐24.0), ranging from 5 days to 39 days. Only two (1.1%) patients

had undetectable SARS‐CoV‐2 RNA within 6 days after symptom

onset, 12 (6.6%) tested negative 7 to 10 days after onset, 102

(56.4%) tested negative 11 to 20 days after onset, 35 (19.3%) tested

negative 21 to 27 days after onset, and 30 (16.6%) tested positive

more than 27 days after onset. A total of 116 (64.1%) patients tested

negative within 20 days of illness onset, and they were included in

the short‐term viral shedding group. Notably, the median duration of

SARS‐CoV‐2 shedding from the first positive RNA detection in seven

asymptomatic patients was 9.0 days, ranging from 7.0 to 16.0 days.

In addition, all of them had been in close contact with patients with

confirmed COVID‐19, and three of them had exposure to family

clusters. However, it is worth mentioning that five of them experi-

enced brief nonspecific symptoms such as mild cough after

admission.

3.3 | Clinical characteristics and laboratory findings

A comparative study of clinical characteristics and laboratory findings

between the two groups is also shown in Table 1. A total of 152 (84.0%)

patients had an exposure history, and 19 (10.5%) patients were current

smokers. The differences in demographic and epidemiologic char-

acteristics between the two groups were not statistically significant.

Thirty‐eight (21.0%) patients had a baseline disease, with hypertension

(24/181, 13.3%) and diabetes (12/181, 6.6%) being more common,

and 48 (26.5%) patients were diagnosed with bacterial pneumonia. In

terms of symptoms, fever (150/181, 82.9%) and cough (95/181, 52.5%)

were the most common in this study. A total of 34 (18.8%) patients

had severe COVID‐19 status. The differences in comorbidities, symp-

toms, and severity were also not statistically significant. Leukopenia

occurred in 49 (27.1%) patients, while lymphocytopenia occurred in

41 (22.7%) patients. The median levels of lactate dehydrogenase,

creatine kinase, C‐reactive protein, and D‐dimer were 232.0 U/L (IQR,

195.0‐295.0), 65.0U/L (IQR, 43.5‐93.0), 9.9 pg/mL (IQR, 2.8‐30.0), and
0.3 μg/mL (IQR 0.2‐0.6), respectively. Separately, we also describe the

results of the T lymphocyte subset in Table 1, in which the CD4/CD8

ratio of patients with COVID‐19 was 1.6 ± 0.7. The differences in

laboratory findings between the two groups were not statistically

significant, except for interleukin‐6 (IL‐6) (P = .033). The median IL‐6
level of 17.5 pg/mL (IQR, 5.9‐43.2) in the prolonged group was higher

than the median level of 9.0 pg/mL (IQR, 4.0‐27.5) in the short‐term
group.

3.4 | Treatment and outcomes

The main characteristics of the treatment and outcomes of patients

and the differences between the two groups are described in Table 2.

All patients received antiviral treatment in this study, and lopinavir/

ritonavir monotherapy (59.1%), lopinavir/ritonavir + IFN‐α (23.8%)

and lopinavir/ritonavir + IFN‐α + arbidol (10.5%) were most com-

monly used as the initial antiviral treatments. Moreover, lopinavir/

ritonavir + IFN‐α as the initial antiviral treatment (P = .007) and ear-

lier antiviral treatment initiation from onset (P = .006) seemed to be

associated with short‐term shedding duration. Forty‐six (25.4%) pa-

tients received systemic corticosteroids, while 22 (12.2%) patients
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received intravenous immunoglobin during their hospital stay. No-

tably, 99 (54.7%) patients received antibiotics, and patients in the

prolonged group were more likely to have been exposed to anti-

biotics (P = .045). Notably, traditional Chinese medicine (P = .009) and

chloroquine (P = .001) seem to be more likely to be used in patients

with prolonged shedding durations, especially when the initial anti-

viral drug has been used for more than 10 consecutive days. The

median time from illness onset to discharge was 23.0 days (IQR, 19.0‐
28.5). In terms of patient outcomes, the median length of hospital

stay was 17.0 days (IQR, 14.0‐21.0) and the median medical cost was

3027.0 dollars (IQR, 2286.0‐4730.5). A prolonged shedding duration

is associated with an increased length of hospital stay (P < .001) and

medical costs (P < .001).

3.5 | Factors associated with prolonged viral
shedding

In this study, 34 (18.8%) patients were included in the severe group,

and the results of the log‐rank test suggests that the severity of

TABLE 1 Comparative analysis of demographical, clinical, and laboratory findings between prolonged and short‐term groups of SARS‐CoV‐2
shedding duration

Variables Overall

Prolonged

group (n = 65)

Short‐term
group (n = 116) P

Demographics

Age, y 44.3 ± 13.2 46.5 ± 14.3 43.1 ± 12.5 .093

Male sex 100/181 (55.2) 42/65 (64.6) 58/116 (50.0) .058

Exposure history 152/181 (84.0) 54/65 (83.1) 98/116 (84.5) .805

Current smokers 19/181 (10.5) 10/65 (15.4) 9/116 (7.8) .108

Comorbidity

Baseline disease 38/181 (21.0) 17/65 (26.2) 21/116 (18.1) .202

Hypertension 24/181 (13.3) 8/65 (12.3) 16/116 (13.8) .777

Diabetes 12/181 (6.6) 5/65 (7.7) 7/116 (6.0) .667

Bacterial pneumonia 48/181 (26.5) 20/65 (30.8) 28/116 (24.1) .332

Symptoms

Fever 150/181 (82.9) 57/65 (87.7) 93/116 (80.2) .238

Cough 95/181 (52.5) 34/65 (52.3) 61/116 (52.6) .971

Sputum 29/181 (16.0) 12/65 (18.5) 17/116 (14.7) .503

Fatigue 21/181 (11.6) 6/65 (9.2) 15/116 (12.9) .456

Severe status of COVID‐19 34/181 (18.8) 15/65 (23.1) 19/116 (16.4) .268

Laboratory finding on admission

White blood cell count, ×109/L 5.0 (3.9‐6.4) 4.8 (3.8‐5.5) 5.2 (4.1‐6.8) .099

White blood cell count, <4 × 109/L 49/181 (27.1) 22/65 (33.8) 27/116 (23.3) .125

Lymphocyte count, ×109/L 1.2 (0.8‐1.5) 1.1 (0.7‐1.5) 1.2 (0.9‐1.5) .243

Lymphocyte count, <0.8 × 109/L 41/181 (22.7) 19/65 (29.2) 22/116 (19.0) .133

Hemoglobin, g/L 137.8 ± 13.5 138.5 ± 18.4 137.3 ± 15.5 .646

Platelet count, ×109/L 187.0 ± 65.8 175.9 ± 63.6 193.2 ± 66.4 .089

Albumin, g/L (180)a 41.1 ± 4.2 40.6 ± 4.2 41.4 ± 4.2 .232

ALT, U/L (180)a 23.0 (14.3‐36.8) 23.0 (14.5‐39.0) 23.0 (14.0‐34.0) .281

Creatinine, μmol/L (180)a 66.3 ± 15.3 67.7 ± 14.3 65.5 ± 15.9 .373

Lactate dehydrogenase, U/L (179)a 232.0 (195.0‐295.0) 234.0 (199.5‐311.5) 226.0 (193.8‐291.5) .493

Creatine kinase, U/L (165)a 65.0 (43.5‐93.0) 61.0 (44.0‐96.0) 66.0 (43.0‐91.5) .769

C‐reactive protein, pg/mL, (177)a 9.9 (2.8‐30.0) 9.0 (2.6‐33.1) 9.0 (4.0‐27.5) .865

D‐dimer, μg/mL (173)a 0.3 (0.2‐0.6) 0.3 (0.2‐0.7) 0.3 (0.2‐0.5) .289

IL‐6, pg/mL (179)a 12.5 (5.0‐29.7) 17.5 (5.9‐43.2) 9.0 (4.0‐27.5) .033

Procalcitonin, ≥0.1 ng/mL 21/181 (11.6) 8/65 (12.3) 13/116 (11.2) .824

CD3+ CD4+ T cell count/μL (162)a 467.5 ± 216.2 468.2 ± 244.1 467.0 ± 199.3 .974

CD3+CD8+ T cell count/μL (162)a 294.5 (194.5‐410.8) 271.5 (167.5‐409.0) 306.0 (223.5‐414.5) .364

CD4+/CD8+ ratio (162)a 1.6 ± 0.7 1.7 ± 0.7 1.6 ± 0.7 .250

Note: [x̄ ± SD/n(%)/M(IQR)].

Abbreviations: ALT, alanine aminotransferase; COVID‐19, coronavirus disease‐2019; IL‐6, interleukin‐6; IQR, interquartile range; M, median; SARS‐CoV‐
2, severe acute respiratory syndrome coronavirus 2.
aThe number of patients who conducted this laboratory examination on admission.
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COVID‐19 seems to have nothing to do with a prolonged duration of

SARS‐CoV‐2 shedding (P = .575; Figure 1A). Moreover, the median

time from illness onset to initial antiviral treatment was 5.0 days

(IQR, 3.0‐7.0), and RNA clearance was significantly faster in patients

who started antiviral treatment less tha 5 days after illness onset

than in patients who started antiviral treatment more than or equal

to 5 days after illness onset (P = .001; Figure 1B). However, lopinavir/

ritonavir + IFN‐α as the initial antiviral treatment may help shorten

the shedding duration compared with lopinavir/ritonavir mono-

therapy (P = .012; Figure 1C) and lopinavir/ritonavir + IFN‐α + arbidol

(P = .002; Figure 1D). In a multivariable Cox proportional hazards

model, the time from illness onset to antiviral treatment (hazard ratio

[HR], 0.976; 95% confidence interval [CI], 0.962‐0.990) and lopinavir/

ritonavir + IFN‐α as the initial antiviral therapy (HR 1.649; 95% CI,

1.162‐2.339) were ultimately identified as independent factors as-

sociated with the duration of SARS‐CoV‐2 RNA shedding (Table 3).

4 | DISCUSSION

Since December 2019, COVID‐19 has rapidly spread in China and

many countries around the world. As with SARS‐CoV and Middle

East respiratory syndrome‐coronavirus (MERS‐CoV), SARS‐CoV‐2 is

a member of the coronavirus family, being a β‐coronavirus. The

continued shedding of this virus in infected patients (especially

asymptomatic patients) will undoubtedly increase the risk of trans-

mission and viral clearance is one of the criteria for isolation release

and discharge in China. However, in light of current data, there is

limited knowledge about the duration of SARS‐CoV‐2 shedding, and

the associated factors remain unknown. This retrospective study

aimed to identify factors associated with a prolonged duration of

SARS‐CoV‐2 shedding, focusing on the impact of initial antiviral

treatment. Delayed antiviral treatment and lopinavir/ritonavir + IFN‐α
combination therapy as the initial antiviral treatment were ultimately

identified by the Cox proportional hazards model as independent as-

sociated factors in this study.

Virologic detection can help us understand viral shedding,

especially molecular biology detection. Multiple previous studies

reported data on viral shedding by qualitative or quantitative RNA

detection using RT‐PCR.9‐11 Thus, the duration of SARS‐CoV‐2
RNA shedding was described in this study by reviewing the results

of RNA detection. The median duration of SARS‐CoV‐2 RNA shedding

in the respiratory tract was 18.0 days, which is consistent with the

result of a median of 20.0 days in an analysis of COVID‐19 by Zhou

et al.7 We must admit the bias of the results in this retrospective

study, especially for the results of patients whose RNA detection is

positive again after two negative tests. Regardless, these results may

provide theoretical value for the length of patient isolation and

TABLE 2 Comparative analysis of treatment and outcomes between prolonged and short‐term groups of SARS‐CoV‐2 RNA shedding
duration

Variables Overall Prolonged group (n = 65) Short‐term group (n = 116) P

Initial antiviral therapy

Lopinavir/ritonavir monotherapy 107/181 (59.1) 42/65 (64.6) 65/116 (56.0) .260

Lopinavir/ritonavir + IFN‐α 43/181 (23.8) 8/65 (12.3) 35/116 (30.2) .007

Lopinavir/ritonavir + IFN‐α + arbidol 19/181 (10.5) 10/65 (15.4) 9/116 (7.8) .108

Others 11/181 (6.1) 5/65 (7.7) 6/116 (5.2) .512

Time from illness onset to antiviral treatment

initiation, d

5.0 (3.0‐7.0) 6.0 (3.0‐10.0) 4.0 (3.0‐7.0) .006

Treatment in hospital stay

Corticosteroid 46/181 (25.4) 20/65 (30.8) 26/116 (22.4) .215

Antibiotics 99/181 (54.7) 42/65 (64.6) 57/116 (49.1) .045

Traditional Chinese medicine 139/181 (76.8) 57/65 (87.7) 82/116 (70.7) .009

Intravenous immunoglobin 22/181 (12.2) 12/65 (18.5) 10/116 (8.7) .052

Lopinavir/ritonavir 172/181 (95.0) 61/65 (93.8) 111/116 (95.7) .584

IFN‐α 106/181 (58.6) 44/65 (67.7) 62/116 (53.4) .062

Arbidol 53/181 (29.3) 20/65 (30.8) 33/116 (28.4) .742

Chloroquine 29/181 (16.0) 18/65 (27.7) 11/116 (9.5) .001

Ribavirin 9/181 (5.0) 6/65 (9.2) 3/116 (2.6) .049

Outcomes

Time from illness onset to discharge 23.0 (19.0‐28.5) 31.0 (27.5‐35.0) 20.0 (18.0‐23.0) <.001

Hospital length of stay, d 17.0 (14.0‐21.0) 26.0 (19.5‐30.0) 15.0 (12.0‐17.0) <.001

Hospitalization costs, dollars 3027.0 (2286.0‐4730.5) 4262.0 (3280.0‐6200.5) 2645.0 (2082.3‐3308.8) <.001

Note: [n(%)/M(IQR)].

Abbreviations: IFN, interferon; IQR, interquartile range; M, median; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2.
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antiviral treatment. Similarly, MERS‐CoV secretion from lower re-

spiratory specimens can be sustained for up to 18 to 27 days after

illness onset.13 Thus, these results indicated that SARS‐CoV‐2 had a

similar prolonged duration of viral shedding to MERS‐CoV. However,

the viral load profile of SARS‐CoV‐2 which peaked 4 to 7 days after

illness onset is similar to that of influenza,11,14 but contrasts with that

of SARS‐CoV at ~10 days and that of MERS‐CoV at the second week

after symptom onset.15,16 Thus, sufficient attention should be paid to

the risk of community transmission in the early stages of illness.

This study also confirmed that a prolonged duration of

SARS‐CoV‐2 RNA shedding was associated with increased hospital

stays and medical costs. In addition, SARS‐CoV‐2 RNA shedding was

also detected in seven asymptomatic patients, all of whom showed a

shorter duration of viral shedding. Since the start date for shedding

duration in asymptomatic patients is difficult to determine, their

shedding duration results may be underestimated. In fact, patients

with asymptomatic infection of SARS‐CoV‐2 have also been confirmed

in multiple studies.17,18 Theoretically, asymptomatic carriers might

arise when host antiviral defenses are either strong or decoupled.19

Viral shedding in the respiratory tract in asymptomatic patients will

be a huge challenge for controlling the transmission of COVID‐19, so
the pattern of SARS‐CoV‐2 shedding in asymptomatic patients will be

F IGURE 1 A, Cumulative proportion of patients who had severe status of COVID‐19 vs nonsevere ones, by day after illness onset.
B, Cumulative proportion of patients who started antiviral treatment less than 5 days vs more than or equal to 5 days, by day after illness onset.

C, Cumulative proportion of patients who received lopinavir/ritonavir +interferon (IFN) combination therapy as the initial antiviral treatment vs
lopinavir/ritonavir monotherapy, by day after illness onset. D, Cumulative proportion of patients who received lopinavir/ritonavir + IFN
combination therapy as the initial antiviral treatment vs lopinavir/ritonavir + IFN + arbidol combination therapy, by day after illness onset.

COVID‐19, coronavirus disease‐2019
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the focus of further study. In summary, for countries that could adopt

compulsory isolation measures such as China, increased hospital stays

and medical costs may place a greater burden on limited medical re-

sources, while for countries that could not, the continued shedding of

SARS‐CoV‐2 may increase the risk of community transmissions.

Therefore, further research is needed to identify factors associated

with prolonged shedding duration.

The severity of COVID‐19 seems to have no correlation with

shedding duration, which was not in line with our expectations. On

the one hand, in this study, no fatal cases and more than two negative

RNA detections from all patients may have helped minimize the bias

of results of the shedding duration results. On the other hand, the

limitation of no fatal cases, two categories of severity (severe and

nonsevere) and the sample size may help explain the bias of the

interpretation of severity. Limited data imply that the duration of

SARS‐CoV‐2 shedding in nonsevere patients was not significantly

different from that in severe patients.7 These results may provide a

certain theoretical basis for clinicians. However, a meta‐analysis
showed that the mean duration of A(H1N1)pdm09 shedding gen-

erally increased with the severity of the clinical presentation.20

Differences in the methods and patients of studies may help explain

these conflicting results. In this study, early laboratory findings do

not seem to help identify patients with prolonged SARS‐CoV‐2
shedding. A retrospective study on COVID‐19 implied that the RNA

clearance ratio was correlated with a decline in creatine kinase and

lactate dehydrogenase levels.21 These results may imply that the

creatine kinase and lactate dehydrogenase levels of patients at ad-

mission do not help to identify patients as high risk of prolonged

SARS‐CoV‐2 shedding duration, although the decline of these levels

may help RNA clearance.

Delayed initiation of antiviral treatment was an independent risk

factor associated with prolonged SARS‐CoV‐2 shedding. Similarly, in

studies of the influenza, early oseltamivir treatment was reported to

be significantly associated with survival benefit and shorter virus

shedding duration, compared with later treatment.10,22,23 The med-

ian time from onset to antiviral treatment was 5.0 days among the

181 patients in our study. However, more than half of the patients

received antiviral therapy more than 5 days after the onset, and their

viral shedding duration was obviously longer. Most patients initiated

antiviral treatment at the time of laboratory confirmation, and earlier

administration of optimal treatment might help reduce viral shed-

ding, the hospital stay length, and medical costs.

Due to the lack of undeveloped vaccines, unknown effective

antiviral agents, and high risk of transmission, optimal treatment

strategies for COVID‐19 with available antiviral agents urgently need

to be investigated. In this study, lopinavir/ritonavir, IFN‐α, and arbi-

dol were the most commonly used initial treatment options for pa-

tients with COVID‐19, while chloroquine and traditional Chinese

medicine were more likely used for patients in the prolonged shed-

ding group. Statistical analysis can only emphasize association and

cannot explain causality. By reviewing the patient data, we believe

that this phenomenon may be the result of the empirical option that

TABLE 3 Multivariable analysis of factors associated with duration of SARS‐CoV‐2 RNA shedding in 181 patients during 21 Jan 2020 to
16 Mar 2020 from Anhui, China

Variable Unadjusted HR (95% CI) P Adjusted HR (95% CI) P

Age 0.995 (0.984‐1.006) .347 0.999 (0.988‐1.011) .896

Male sex 0.831 (0.618‐1.118) .222 0.759 (0.559‐1.031) .078

Current smokers 0.930 (0.577‐1.499) .767 … …

Hypertension 0.984 (0.639‐1.516) .943 … …

Diabetes 0.854 (0.475‐1.535) .598 … …

Bacterial pneumonia 0.929 (0.667‐1.293) .663 … …

Severe status of COVID‐19 0.903 (0.621‐1.314) .595 … …

White blood cell count, ×109/L 1.026 (0.961‐1.096) .440 … …

IL‐6, pg/mL 1.000 (0.998‐1.001) .578 … …

Corticosteroids 0.829 (0.593‐1.159) .272 … …

Antibiotics 0.802 (0.597‐1.076) .141 0.761 (0.561‐1.032) .079

Lopinavir/ritonavir monotherapy 0.868 (0.645‐1.170) .353 … …

Lopinavir/ritonavir + IFN‐α combination therapy 1.645 (1.163‐2.327) .005 1.649 (1.162‐2.339) .005

Lopinavir/ritonavir + IFN‐α + arbidol combination therapy 0.636 (0.394‐1.027) .064 0.648 (0.380‐1.105) .111

Time from illness onset to antiviral treatment in da 0.982 (0.968‐0.995) .008 0.976 (0.962‐0.990) .001

Note: Variables with HR < 1 increase the duration of SARS‐CoV‐2 shedding. HRs in multivariable analysis were adjusted for age and sex.

Abbreviations: CI, confidence interval; COVID‐19, coronavirus disease‐2019; HR, hazard ratio; IFN, interferon; IL‐6, interleukin‐6; SARS‐CoV‐2, severe
acute respiratory syndrome coronavirus 2.
aBy use of the time‐dependent Cox regression model.
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clinicians made, so chloroquine and traditional Chinese medicine are

not suitable as factors for prolonged shedding duration. Thus, to

minimize bias as much as possible, in this study, we only included

antiviral agents, which were used as the initial antiviral treatments,

as factors for prolonged shedding duration. Compared with lopinavir/

ritonavir monotherapy and lopinavir/ritonavir + IFN‐α + arbidol,

lopinavir/ritonavir + IFN‐α combination therapy was significantly

helpful to shorten the duration of SARS‐CoV‐2 RNA shedding and

was eventually identified as an independent protective factor for

prolonged viral shedding. Lopinavir/ritonavir as the treatment for

patients with COVID‐19 has been widely reported.7,21 A study con-

ducted in Korea pointed out that the viral load of SARS‐CoV‐2 was

significantly reduced after lopinavir/ritonavir administration,24 but

there are also studies indicating that lopinavir/ritonavir treatment

does not help improve virus clearance and mortality.25 Thus, this

result may imply that lopinavir/ritonavir and interferon combination

therapy could help shorten the shedding duration, while lopinavir/

ritonavir monotherapy may have no association with virus clearance.

In summary, this conclusion may provide a rationale for clinicians to

make optimal antiviral treatment decisions. It is worth noting that

corticosteroid therapy was not associated with a prolonged SARS‐
CoV‐2 shedding duration in this study, although it was reported to be

associated with a prolonged duration of viral shedding in two studies

on critically ill patients with MERS‐CoV and transplant recipients

with human coronavirus.26,27 Differences in the underlying condi-

tions of patients may help explain this phenomenon.

There are some limitations in this study. First and foremost is the

design of a retrospective study, so the estimated duration of SARS‐
CoV‐2 RNA shedding is limited by the frequency of respiratory spe-

cimens collected and the lack of quantitative data on viral loads.

Second, not all laboratory tests, such as creatine kinase and T lym-

phocyte subset, were performed in all patients, so their roles in the

duration of SARS‐CoV‐2 RNA shedding might be underestimated.

Third, the interpretation of this study is also limited by the sample size.

However, by including all adult patients from the two larger desig-

nated hospitals in this province, we think patients in this study are

representative of cases diagnosed with COVID‐19 in Anhui, China.

In conclusion, to the best of our knowledge, this is the first study

on the risk factors for prolonged SARS‐CoV‐2 shedding. A significant

finding of this study is that delayed antiviral treatment and lopinavir/

ritonavir + IFN‐α combination therapy as the initial antiviral treat-

ment are independent factors associated with a prolonged duration

of SARS‐CoV‐2 RNA shedding. A prolonged duration of SARS‐CoV‐2
shedding is associated with increased hospital stays and medical

costs. Notably, RNA detection of SARS‐CoV‐2 in seven asymptomatic

patients was also described, and the viral shedding duration of these

patients was lower than that of symptomatic patients. Therefore, the

pattern of SARS‐CoV‐2 shedding in asymptomatic patients should be

the focus of future studies.
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