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Abstract

Objective: To compare the efficacy of 3/4-drugs’ group with 1-drug’s or 2-drugs’ groups in coronavirus disease 2019
(COVID-19).

Methods: We included 207 patients confirmed with COVID-19. We compared the viral clearance rate and discharge rate at day
7, 14, 21 and 28, and median time of viral clearance and length of hospitalization in patients treated with 3/4, 1 or 2 drugs.

Results: The viral clearance rates of the 3/4-drugs group at day 7, 14 and 21 were significantly lower than those in the 1-drug’s or
2-drugs’ groups (P < 0.05). The median viral clearance days in 3/4-drugs group (13.5 days) were longer than 1-drug’s or 2-drugs’
groups (both were 9 days) (P < 0.001). The patients’ discharge rates in the 3/4-drugs group at day 14 and 21 were significantly
lower than that in the 1-drug’s or 2 drugs’ group (P < 0.05). The median length of hospitalization in the 3/4-drugs group was 17
days, which was significantly longer than 11 days in the 1-drug group and 13 days in the 2-drug group (P < 0.05).

Conclusion: The efficacy of 1 or 2 antiviral drugs was similar in COVID-19, and 3/4-drug regimens were not associated with
clinical improvement. Corticosteroid treatment and more serious disease were also risk factors for viral clearance and
patients’discharge.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by a novel

coronavirus named severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2). The virus emerged in Wuhan,1 China

in December 2019 and soon spread rapidly to every province in

China, and Hunan Province, whose location is closest to

Wuhan, became the second most affected area. After about 2

months, COVID-19 broke out in Korea, Japan, Europe and

America. According to the World Health Organization (WHO),

up to July 8, 2020, SARS-CoV-2 had infected >11 million

people, resulting in 539 906 deaths worldwide, and these fig-

ures are still increasing dramatically.2

Most of the antiviral therapies for COVID-19 are those

used for severe acute respiratory syndrome coronavirus

(SARS-CoV), influenza virus and Middle East respiratory syn-

drome coronavirus (MERS-CoV), such as lopinavir/ritonavir

(LPV/r),3,4 arbidol,5 interferon6 and ribavirin.7 The guidelines
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for COVID-19 in China do not suggest using�3 drugs,8 but the

reasons are unknown. We also have not found sufficient expla-

nation for this, so we carried the present study to compare �3

drugs with 1 or 2 drugs, and to identify risk factors associated

with viral clearance and length of hospitalization.

Methods

Patients and Ethics

This retrospective cohort study included patients from 2 centers

from Changsha Public Health Treatment Center and Xiangtan

Central Hospital. Inclusion criteria were: (1) laboratory con-

firmed inpatients of COVID-19; and (2) available data in med-

ical records, especially the time of diagnosis confirmation, viral

clearance, admission to and discharge from hospital, and types

of antiviral drugs. Exclusion criteria were: (1) unconfirmed and

nonhospitalized patients; and (2) lacking one of the following

records: time of diagnosis confirmation, viral clearance, admis-

sion to and discharge from hospital, or types of antiviral drugs.

This study was approved by the Institutional Review Board

and Ethics Commission of The Second Xiangya Hospital

(2020-017). Written informed consent was waived by the

Ethics Commission for retrospective analysis and emerging

infectious diseases.

Data Collection

We retrospectively collected the data for COVID-19 patients

from the above 2 medical centers. The first patient was admit-

ted to hospital on January 24, 2020 and the last patient was

discharged on March 14, 2020. The reviewed data included the

basic epidemiological, clinical and laboratory data.

Diagnosis of COIVD-19

Diagnosis and severity of COVID-19 were according to

“Diagnosis and Treatment Protocol for Novel Coronavirus

Infection-Induced Pneumonia (7th version)” in China.8 Confir-

mation of diagnosis was based on the following: (1) SARS-

CoV-2 nucleic acid assay of respiratory or blood specimens

was positive by real-time reverse transcription polymerase

chain reaction (RT-PCR); and (2) high throughput gene

sequencing was highly homologous with SARS-CoV-2 in

respiratory or blood specimens. RT-PCR was performed

according to the WHO protocol.9

Treatment

Antiviral drugs were given after diagnosis of COVID-19 was

confirmed: arbidol 200 mg every 8 h; LPV/r 400 mg/100 mg

every 12 h; interferon-a 5 MU in 2 ml normal saline via aerosol

inhalation every 12 h; and novaferon 20 mg injected intramus-

cularly every 12 h. All of the patients received the best suppor-

tive care and symptomatic treatment, if necessary, such as

oxygen support, mechanical ventilation, extracorporeal mem-

brane oxygenation, antibiotics, antifungals, and corticosteroids.

Outcomes

The primary outcomes were viral clearance rate at day 7, 14, 21

and 28 and median days of viral clearance. Viral clearance was

confirmed by 2 continuous negative detections of SARS-CoV-

2 by RT-PCR at a 24-h interval. If there were 2 continuous

negative detections, the first occasion was defined as the viral

clearance time. The secondary outcomes were the patients’

discharge rate at day 7, 14, 21 and 28 and median days of

hospitalization. The discharge criteria were:8 (1) at least 2 con-

tinuous negative detections of SARS-CoV-2 by RT-PCR at a

24-h interval; (2) no fever for at least 3 days; (3) obvious

improvement of respiratory symptoms; and (4) obvious

improvement of acute exudative lesions on computed

tomography.

Statistical Analysis

Continuous variables of non-normal distribution were

expressed as median (interquartile range); continuous variables

of 2 groups were compared by Mann–Whitney U test; and

continuous variables of �3 groups were compared by Krus-

kal–Wallis H test. Categorical variables were expressed as

number (%) and compared by w2 test or Fisher’s exact test. The

Kaplan–Meier curve was used to describe the course of viral

clearance and hospitalization. Univariate logistic analysis was

used to calculate odds ratio (OR), and multivariate logistic

analysis was used to adjust for confounding factors and identify

independent risk factors. The statistical analyses were per-

formed using SPSS version 25.0, and P < 0.05 was considered

to be statistically significant for all test methods.

Results

Patient Characteristics

We included 207 patients, and duration of viral clearance time

and length of hospitalization were recorded. There were 60

patients in the 1-drug group (group 1), 91 in the 2-drugs group

(group 2), 47 in the 3-drugs and 9 in the 4-drugs group. The

latter 2 groups were combined as group 3, owing to the small

number of patients in the 4-drugs group. The proportion of

mild, moderate, severe and critical patients were 4.3% (9/

207), 76.8% (159/207), 14.5% (30/207) and 4.3% (9/207),

respectively. In group 1, 18.3% of patients used arbidol,

43.3% LPV/r, and 18.3% novaferon. In group 2, 54.9% of

patients used interferon-a þ LPV/r, and 17.6% LPV/r þ nova-

feron. In group 3, 42.9% of patients used arbidolþ interferon-a
þ LPV/r, and 16.1%arbidol interferon-aþ LPV/rþ novaferon.

The rate of lymphocytopenia and corticosteroid treatment

were significantly higher in group 3 than in group 2 (Table 1).

Intensive care unit (ICU) admission and complications were

significantly higher in group 3 than groups 1 þ 2 (Supplemen-

tary Table 1). There were no other significant differences

among the groups. The general features of the groups are pre-

sented in Table 1.
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Table 1. General Features Among Groups.

Variables All patients (n ¼ 207) Group 1 (n ¼ 60) Group 2 (n ¼ 91) Group 3 (n ¼ 56) P

Ages
�60 49/207 (23.7%) 13/60 (21.7%) 24/91 (26.4%) 12/56 (21.4%) 0.720
<60 158/207 (86.3%) 47/60 (88.3%) 67/91 (73.6%) 44/56 (78.6%)
Sex
Male 98/207 (47.3%) 23/60 (38.3%) 50/91 (54.9%) 25/56 (44.6%) 0.121
Female 109/207 (52.7%) 37/60 (61.7%) 41/91 (45.1%) 31/56 (55.3%)
Body mass index
<18.5 7/132 (5.3%) 1/41 (2.4%) 4/91 (45.0%) 2/37 (5.4%) 0.123
18.5-24 68/132 (51.5%) 25/41 (61.0%) 30/91 (33.0%) 13/37 (35.1%)
>24 57/132 (43.2%) 15/41 (36.6%) 20/91 (22.0%) 22/37 (59.5%)
Smoking
Yes 9/207 (4.3%) 1/60 (1.7%) 7/91 (7.7%) 1/56 (1.8%) 0.166
No 198/207 (95.7%) 59/60 (88.3%) 84/91 (92.3%) 55/56 (98.2%)
Hypertension
Yes 29/207 (14.0%) 8/60 (13.3%) 15/91 (16.5%) 6/56 (10.7%) 0.610
No 178/207 (86.0%) 52/60 (86.7%) 76/91 (83.5%) 50/56 (89.3%)
Other comorbidity
Yes 47/207 (22.7%) 12/60 (20.0%) 23/91 (25.3%) 12/56 (21.4%) 0.725
No 160/207 (77.3%) 48/60 (80.0%) 68/91 (74.7%) 44/56 (78.6%)
Symptoms
Fever
Yes 141/207 (68.1%) 39/60 (65.0%) 60/91 (65.9%) 42/56 (75.0%) 0.430
No 66/207 (31.9%) 21/60 (35.0%) 31/91 (34.1%) 14/56 (25.0%)
Coughing
Yes 158/207 (76.3%) 45/60 (75.0%) 66/91 (72.5%) 47/56 (83.9%) 0.276
No 49/207 (23.7%) 15/60 (25.0%) 25/91 (27.5%) 9/56 (16.1%)
expectoration
Yes 81/207 (39.1%) 23/60 (38.3%) 31/91 (34.1%) 27/56 (48.2%) 0.230
No 126/207 (60.9%) 37/60 (61.7%) 60/91 (65.9%) 29/56 (51.8%)
dyspnea
Yes 47/207 (22.7%) 18/60 (30.0%) 16/91 (17.6%) 13/56 (23.2%) 0.203
No 160/207 (77.3%) 42/60 (70.0%) 75/91 (82.4%) 43/56 (76.8%)
Diarrhea
Yes 30/207 (14.5%) 12/60 (20.0%) 11/91 (12.1%) 7/56 (12.5%) 0.355
No 177/207 (85.5%) 48/60 (80.0%) 80/91 (87.9%) 49/56 (87.5%)
Nausea/Vomit
Yes 18/207 (8.7%) 6/60 (10.0%) 8/91 (8.8%) 4/56 (7.1%) 0.861
No 189/207 (91.3%) 54/60 (90.0%) 83/91 (91.2%) 52/56 (92.9%)
Poor appetite
Yes 24/207 (11.6%) 12/60 (20.0%) 7/91 (7.7%) 5/56 (8.9%) 0.053
No 183/207 (88.4%) 48/60 (80.0%) 84/91 (92.3%) 51/56 (91.1%)
Fatigue
Yes 74/207 (35.7%) 27/60 (45.0%) 28/91 (30.8%) 19/56 (33.9%) 0.192
No 133/207 (64.3%) 33/60 (55.0%) 63/91 (69.2%) 37/56 (66.1%)
Headache
Yes 20/207 (9.7%) 6/60 (10.0%) 7/91 (7.7%) 7/56 (12.5%) 0.628
No 187/207 (90.3%) 54/60 (90.0%) 84/91 (92.3%) 49/56 (87.5%)
Complications
Yes 31/207 (15.0%) 6/60 (10.0%) 12/91 (13.2%) 13/56 (23.2%) 0.112
No 176/207 (85.0%) 54/60 (90.0%) 79/91 (86.8%) 43/56 (76.8%)
Severe/critical type 39/207 (18.8%) 12/60 (20.0%) 15/91 (16.5%) 12/56 (37.5%) 0.730
Mild/moderate type 168/207 (81.2%) 48/60 (80.0%) 76/91 (83.5%) 44/56 (62.5%)
ICU 21/207 (10.1%) 5/60 (8.3%) 6/91 (6.6%) 10/56 (17.9%) 0.077
non-ICU 186/207 (89.9%) 55/60 (91.7%) 85/91 (93.4%) 46/56 (82.1%)
CT findings
Locations of lesions
Single lung 24/168 (14.3%) 3/45 (6.7%) 13/75 (17.3%) 8/48 (16.7%) 0.232
Bilateral lung 144/168 (85.7%) 42/45 (93.3%) 62/75 (22.7%) 40/48 (83.3%)

(continued)
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Table 1. (continued)

Variables All patients (n ¼ 207) Group 1 (n ¼ 60) Group 2 (n ¼ 91) Group 3 (n ¼ 56) P

Features of lesions
Ground glass opacities 151/162 (93.2%) 43/48 (89.6%) 66/71 (93.0%) 42/43 (97.7%) 0.322
Consolidative/
mixed opacities

11/162 (6.8%) 5/48 (10.4%) 5/71 (7.0%) 1/43 (2.3%)

Laboratory findings
White cell count
<4*109/L 74/207 (35.7%) 19/60 (31.7%) 29/91 (31.9%) 26/56 (46.4%) 0.108
4-10*109/L 127/207 (61.4%) 41/60 (68.3%) 57/91 (62.6%) 29/56 (51.8%)
>10*109/L 6/207 (2.9%) 0/60 (0.0%) 5/91 (5.5%) 1/56 (1.8%)
Neutrophil
<2*109/L 42/207 (20.3%) 9/60 (15.0%) 22/91 (24.2%) 11/56 (19.6%) 0.592
2-7*109/L 158/207 (76.3%) 50/60 (83.3%) 65/91 (71.4%) 43/56 (76.8%)
>7*109/L 7/207 (3.4%) 1/60 (1.7%) 4/91 (4.4%) 2/56 (3.6%)
Lymphocyte
<0.8*109/L 55/207 (26.6%) 15/60 (25.0%) 18/91 (19.8%) 22/56 (39.3%) 0.032#

�0.8*109/L 152/207 (73.4%) 45/60 (75.0%) 73/91 (80.2%) 34/56 (60.7%)
Hemoglobin
<110g/L 18/207 (8.7%) 6/60 (10.0%) 7/91 (7.7%) 5/56 (8.9%) 0.883
�110g/L 189/207 (91.3%) 54/60 (90.0%) 84/91 (92.3%) 51/56 (91.1%)
Platelet
<100*109/L 13/207 (5.8%) 2/60 (3.3%) 7/91 (7.7%) 4/56 (7.1%) 0.546
�100*109/L 194/207 (94.2%) 58/60 (96.7%) 84/91 (92.3%) 52/56 (92.9%)
CK
>170U/L 23/205 (11.2%) 6/59 (10.2%) 7/91 (7.7%) 10/55 (18.2%) 0.144
�170U/L 182/205 (88.8%) 53/59 (89.8%) 84/91 (92.3%) 45/55 (81.8%)
CK-MB
>23U/L 17/205 (8.3%) 3/60 (5.0%) 6/91 (6.6%) 8/54 (14.8%) 0.153
�23U/L 188/205 (91.7%) 57/60 (95.0%) 85/91 (93.4%) 46/54 (85.2%)
D-dmier >0.5mg/L
>0.5mg/L 63/207 (30.4%) 23/60 (38.3%) 20/91 (22%) 20/56 (35.7%) 0.061
�0.5mg/L 144/207 (69.6%) 37/60 (61.7%) 71/91 (78.0%) 36/56 (64.3%)
Albumin
<35g/L 44/178 (24.7%) 15/49 (30.6%) 14/91 (25.3%) 15/47 (31.9%) 0.091
�35g/L 134/178 (75.3%) 34/49 (69.4%) 68/91 (74.7%) 32/47 (68.1%)
ALT
>40U/L 32/207 (15.5%) 10/60 (16.7%) 12/91 (13.2%) 10/56 (17.9%) 0.714
�40U/L 175/207 (84.5%) 50/60 (83.3%) 79/91 (86.8%) 46/56 (82.1%)
AST
>40U/L 26/207 (12.6%) 9/60 (15.0%) 11/91 (12.1%) 6/56 (10.7%) 0.772
�40U/L 181/207 (87.4%) 51/60 (85.0%) 80/91 (87.9%) 50/56 (89.3%)
Total bilirubin
>17.1umol/L 44/207 (21.3%) 12/60 (20.0%) 21/91 (23.1%) 11/56 (19.6%) 0.850
�17.1umol/L 163/207 (78.7%) 48/60 (80.0%) 70/91 (76.9%) 45/56 (80.4%)
Creatinine
>133umol/L 4/207 (1.9%) 2/60 (3.3%) 1/91 (1.1%) 1/56 (1.8%) 0.815
�133umol/L 203/207 (98.1%) 58/60 (96.7%) 90/91 (98.9%) 55/56 (98.2%)
LDH
>250U/L 29/207 (14.0%) 9/60 (15.0%) 8/91 (8.8%) 12/56 (21.4%) 0.097
�250U/L 178/207 (86.0%) 51/60 (85.0%) 83/91 (91.2%) 44/56 (78.6%)
CRP
>10mg/L 115/198 (58.1%) 36/59 (59.3%) 47/83 (56.6%) 32/56 (57.1%) 0.860
�10mg/L 83/198 (41.9%) 23/59 (40.7%) 36/83 (43.4%) 24/56 (42.9%)
Procalcitonin
>0.5ug/L 5/205 (2.4%) 2/60 (3.3%) 2/89 (2.2%) 1/60 (1.7%) 1.000
�0.5ug/L 200/205 (97.6%) 58/60 (96.7%) 87/89 (97.8%) 55/60 (91.7%)
Therapy
Antibiotic
Yes 98/202 (48.5%) 30/57 (52.6%) 37/90 (31.1%) 31/55 (56.4%) 0.156

(continued)
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Viral Clearance and Patients’ Discharge Rate at Days 7,
14, 21 and 28

The viral clearance rate of group 3 at day 7, 14 and 21 was

significantly lower than in group 1 or group 2. At day 28, this

rate in group 3 was significantly lower than in groups 1 and 2 (P

< 0.05). The viral clearance time in group 3 of 13.5 (9.3–18)

days was significantly longer than 9 (6.3–11) days in group 1 and

9 (7–12) days in group 2 (P < 0.001) (Table 2 and Figure 1).

In the subgroup analysis of median viral clearance time,

there was no obvious difference among the group 1 subgroups:

arbidol (8 days), LPV/r (10 days) and novaferon (9 days) (P ¼
0.198). In group 2 subgroups, the median viral clearance time

for arbidol þ LPV/r was 15 days, which was significantly

longer than 9 days for interferon-a þ LPV/r and 8 days for

interferon-a þ novaferon (P < 0.05). In group 3 subgroups, the

median viral clearance time for arbidolþ interferon-aþ LPV/r

was 14.5 days and 14 days for arbidol þ interferon-a þ LPV/r

þ novaferon, which was significantly longer than 9.5 days for

arbidol þ LPV/r þ novaferon (P < 0.05) (Supplementary

Table 2).

The patients’ discharge rate in group 3 at days 14 and 21 was

significantly shorter than in groups 1 and 2, and at day 28, this

rate in group 3 was lower than in group 2 (P < 0.05). The length

of hospitalization in group 3 was 17 (12–23.8) days, which was

significantly longer than 13 (11–16) days in group 2 and 11

(10–14.5) days in group 1. The length of hospitalization in

group 2 was significantly longer than in group 1 (P < 0.05)

(Table 2 and Figure 2). The mortality rate did not differ signif-

icantly among the groups.

Factors Associated With Viral Clearance and Patients’
Discharge Rate

We chose day 14 to analyze risk factors associated with viral

clearance (79.7% of patients obtained viral clearance), and

chose day 21 to analyze risk factors associated with discharge

rate (time of hospitalization was longer than viral clearance).

Complications, severe/critical disease, ICU admission, lym-

phocytopenia, and antibiotic and corticosteroid treatment were

all associated with lower viral clearance rate and patients’ dis-

charge rate. Additionally, higher alanine aminotransferase and

lactate dehydrogenase were associated with significantly lower

viral clearance rate, and higher total bilirubin was associated

with significantly lower discharge rate (P < 0.05) (Table 3).

Univariate logistic regression showed that all of the above

variables were significant. After adjusting in multivariate logis-

tic model, group 3, ICU admission and corticosteroid treatment

were independent risk factors for viral clearance; and group 3,

complications, total bilirubin and corticosteroid treatment were

independent risk factors for patients’ discharge (Table 4).

In order to identify whether group 3 was actually indepen-

dently related to poor viral clearance, or it due to relate to the

Table 1. (continued)

Variables All patients (n ¼ 207) Group 1 (n ¼ 60) Group 2 (n ¼ 91) Group 3 (n ¼ 56) P

No 104/202 (51.5%) 27/57 (47.4%) 53/90 (58.9%) 24/55 (43.6%)
Corticosteroid
Yes 61/204 (29.9%) 18/59 (30.5%) 18/89 (20.2%) 25/56 (44.6%) 0.007#

No 143/204 (70.1%) 41/59 (69.5%) 71/89 (79.8%) 31/56 (55.4%)
Oxygen therapy
Yes 165/174 (%) 48/60 (96.7%) 73/77 (94.8%) 44/47 (93.6%) 0.912
No 9/174 (5.2%) 2/60 (3.3%) 4/77 (5.2%) 3/47 (6.4%)

Group 1: 1 drug.
Group 2: 2 drugs.
Group 3: 3/4 drugs.
CT: Computed tomography.
ALT: Alanine aminotransferase.
AST: Aspartate aminotransferase.
LDH: Lactate dehydrogenase.
CRP: C-responsive protein.
CK: Creatine kinase.
CK-MB: Creatine kinase-MB.
# Group 3 VS Group 2: P < 0.05.

Figure 1. The course of viral clearance after confirmation.
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patients type that is more serious, we carried out subgroup

analyses in the moderate COVID-19 group (accounted for

76.8% of patients). The viral clearance rate at day 14 and

median clearance time of the 3/4-drugs group (70% and 12

days) were still significantly poorer than those of the 1/2-

drugs groups (89.1% and 9 days) (P < 0.05). After adjusting

for lymphocytopenia and corticosteroid treatment (only 2 con-

founder factors in the moderate group), and type of drugs in the

logistic multivariate model, the 3/4-drugs group still existed

statistical significance (adjusted OR ¼ 3.14, P ¼ 0.013). Fur-

ther subgroup analysis of the 3/4-drugs group showed that

arbidol þ interferon-a þ LPV/r (median: 12 days) and arbidol

þ interferon-a þ LPV/ þ novaferon (median: 14 days) were

the main “culprits” leading to longer clearance time. The med-

ian time of the other 2 regimens arbidol þ LPV/r þ novaferon

and interferon-a þ LPV/r þ novaferon was both 9.5 days.

Discussion

We investigated the efficacy of different antiviral drugs in

COVID-19 and identified risk factors associated with viral

clearance or length of hospitalization. In group 1, there was

no significant difference in viral clearance or length of hospi-

talization among arbidol, LPV/r and novaferon. Novaferon is a

new type of interferon, which has been used for treatment of

hepatitis B.10 There were also no significant difference in viral

clearance between groups 1 and 2, but both of them were super-

ior to group 3. Previously, we thought that this situation was

because the patients in group 3 had more serious disease, but

after we analyzed the moderate COVID-19 group, we found

that the 3/4-drugs group still independently associated with

poor viral clearance. Furthermore, we found that arbidol þ
interferon-a þ LPV/r and 4-drugs regimens were the main

causes leading to longer viral clearance, and viral clearance

with the other 2 regimens was equivalent to that in the 1/2-

drugs groups. It is not clear why 3/4 drugs were not superior to

1 or 2 drugs, and we offer the following explanation.

Firstly, the present evidence at least does not favor treatment

with 3 drugs. One study compared hydroxychloroquine þ arbi-

dol þ interferon-a with LPV/arbidol þ interfere- on-a in 15

cases of COVID-19, and viral clearance rates at day 7 (86.7%
vs 93.3%) and day 14 (both 100%) were similar.11 Another

study in 75 cases compared hydroxylchloroquine þ standard-

of-care with standard-of-care; standard-of-care was according

Table 2. Viral Clearance and Discharged Rate Among Groups at Different Days.

Viral clearance rate Total (n ¼ 207) Group 1 (n ¼ 60) Group 2 (n ¼ 91) Group 3 (n ¼ 56) P

Day 7 49 (23.7%) 22 (36.7%) 23 (25.3%) 4 (7.1%) 0.001&

Day14 165 (79.7%) 53 (88.3%) 78 (85.7%) 34 (60.7%) <0.001&

Day21 190 (91.7%) 57 (95.0%) 87 (95.6%) 46 (82.1%) 0.017&

Day 28 202 (97.6%) 60 (100%) 90 (98.9%) 52 (92.9%) 0.0314

Days of clearance
median(IQR)

10 (8-13) 9 (6.3-11) 9 (7-12) 13.5 (9.3-18) <0.001#

Discharge rate
Day7 18 (8.7%) 7 (11.7%) 10 (11.0%) 1 (1.8%) 0.098
Day14 124 (59.9%) 45 (75.0%) 58 (63.7%) 21 (37.5%) <0.001&

Day21 174 (84.1%) 55 (91.7%) 80 (87.9%) 39 (69.6%) 0.002&

Day 28 197 (95.2%) 59 (98.3%) 89 (97.8%) 49 (87.5%) 0.014�

Days of hospitalization
median(IQR)

13 (11-18) 11 (10-14.5) 13 (11-16) 17 (12-23.8) <0.001*

Death 3 (4.7%) 0 (0%) 1 (1.1%) 2 (3.6%) 0.354

Group 1: 1 drug.
Group 2: 2 drugs.
Group 3: 3/4 drugs.
&: Group 3 VS Group 1/Group 2, both P < 0.05, Group 1 VS Group 2:P > 0.05.
4: Group 3 VS Group 1 þ group 2: P ¼ 0.029.
�: Group 3VS Group 2: P ¼ 0.030.
#Group 3 VS group 2/Group 1:P < 0.001.
*Group 3 VS Group 1, Group 3VS Group 2, Group 1 VS Group 2, all P < 0.05.
IQR: interquartile range.

Figure 2. The course of patients’ discharge after admission hospital.
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Table 3. Factors Associated Viral Clearance and Patients’ Discharged Rate Among Groups.

Variables All patients Day 14 viral clearance rate P Day 21 discharge rate P

General features (n ¼ 207) Yes (n ¼ 165) No (n ¼ 42) Yes (n ¼ 174) No (n ¼ 33)
Ages
�60 49/207 (23.7%) 37/165 (22.4%) 12/42 (28.6%) 0.403 44/174 (25.3%) 5/33 (15.2%) 0.209
<60 158/207 (66.3%) 128/165 (77.6%) 30/42 (71.4%) 130/174 (74.7%) 28/33 (84.8%)
Sex
Male 98/207 (47.3%) 76/165 (46.1%) 22/42 (52.4%) 0.464 80/174 (46.0%) 18/33 (54.5%) 0.366
Female 109/207 (52.7%) 89/165 (53.9%) 20/42 (47.6%) 94/174 (54.0%) 15/33 (45.5%)
Body mass index
<18.5 7/132 (5.3%) 6/132 (4.5%) 1/25 (4.0%) 0.844 6/116 (5.2%) 1/16 (6.3%) 0.426
18.5-24 68/132 (51.5%) 56/132 (42.4%) 12/25 (48.0%) 62/116 (53.4%) 6/16 (37.5%)
>24 57/132 (43.2%) 45/132 (34.1%) 12/25 (48.0%) 48/116 (41.4%) 9/16 (56.3%)
Smoking
Yes 9/207 (4.3%) 8/165 (4.8%) 1/42 (2.4%) 0.782 9/174 (5.2%) 0/33 (0%) 0.384
No 198/207 (95.7%) 157/165 (95.2%) 41/42 (97.6%) 165/174 (94.8%) 33/33 (100%)
Hypertension
Yes 29/207 (14.0%) 24/165 (14.5%) 5/42 (11.9%) 0.660 25/174 (14.4%) 4/33 (12.1%) 0.946
No 178/207 (86.0%) 141/165 (85.5%) 37/42 (88.1%) 149/174 (85.6%) 29/33 (87.9%)
Other comorbidity
Yes 47/207 (22.7%) 38/165 (23.0%) 9/42 (21.4%) 0.825 39/174 (22.4%) 8/33 (24.2%) 0.818
No 160/207 (77.3%) 127/165 (77.0%) 33/42 (78.6%) 135/174 (77.6%) 25/33 (75.8%)
Symptoms
Fever
Yes 141/207 (68.1%) 111/165 (67.3%) 30/42 (71.4%) 0.606 117/174 (67.2%) 24/33 (72.7%) 0.535
No 66/207 (31.9%) 54/165 (32.7%) 12/42 (28.6%) 57/174 (32.8%) 9/33 (27.3%)
Coughing
Yes 158/207 (76.3%) 126/165 (76.4%) 32/42 (76.2%) 0.981 133/174 (76.4%) 25/33 (75.8%) 0.933
No 49/207 (23.7%) 39/165 (23.6%) 10/42 (23.8%) 41/174 (23.6%) 8/33 (24.2%)
Expectoration
Yes 81/207 (39.1%) 62/165 (37.6%) 19/42 (45.2%) 0.364 67/174 (38.5%) 14/33 (42.4%) 0.672
No 126/207 (60.9%) 103/165 (62.4%) 23/42 (54.8%) 107/174 (61.5%) 19/33 (57.6%)
Dyspnea
Yes 47/207 (22.7%) 35/165 (21.2%) 12/42 (28.6%) 0.309 37/174 (21.3%) 10/33 (30.3%) 0.256
No 160/207 (77.3%) 130/165 (18.2%) 30/42 (71.4%) 137/174 (78.7%) 23/33 (69.7%)
Diarrhea
Yes 30/207 (14.5%) 25/165 (15.2%) 5/42 (11.9%) 0.594 23/174 (13.2%) 7/33 (21.2%) 0.354
No 177/207 (85.5%) 140/165 (84.8%) 37/42 (88.2%) 151/174 (86.8%) 26/33 (78.8%)
Nausea/Vomit
Yes 18/207 (8.7%) 16/165 (9.7%) 2/42 (4.8%) 0.480 16/174 (9.2%) 2/33 (6.1%) 0.803
No 189/207 (91.3%) 149/165 (90.3%) 40/42 (95.2%) 158/174 (80.8%) 31/33 (93.9%)
Poor appetite
Yes 24/207 (11.6%) 18/165 (10.9%) 6/42 (14.3%) 0.734 21/174 (12.1%) 3/33 (10.0%) 0.847
No 183/207 (88.4%) 147/165 (89.1%) 36/42 (85.7%) 153/174 (87.9%) 30/33 (90.0%)
Fatigue
Yes 74/207 (35.7%) 62/165 (37.6%) 12/42 (28.6%) 0.277 64/174 (38.5%) 10/33 (30.3%) 0.476
No 133/207 (64.3%) 103/165 (62.4%) 30/42 (71.4%) 110/174 (61.5%) 23/33 (69.7%)
Headache
Yes 20/207 (9.7%) 18/165 (10.9%) 2/42 (4.8%) 0.362 18/174 (10.3%) 2/33 (6.1%) 0.658
No 187/207 (90.3%) 147/165 (89.1%) 40/42 (95.2%) 156/174 (89.7%) 31/33 (93.9%)
Complications
Yes 31/207 (15.0%) 17/165 (10.3%) 14/42 (33.3%) <0.001 16/174 (9.2%) 15/33 (45.5%) <0.001
No 176/207 (85.0%) 148/165 (89.7%) 28/42 (66.7%) 158/174 (90.8%) 18/33 (54.5%)
Severe/critical type 39/207 (18.8%) 23/207 (59.0%) 16/42 (38.1%) <0.001 28/174 (16.1%) 11/33 (33.3%) 0.020
Mild/moderate type 168/207 (81.2%) 142/207 (83.9%) 26/42 (61.9%) 146/174 (83.9%) 22/33 (66.7%)
ICU 21/207 (10.1%) 9/165 (5.5%) 12/42 (28.6%) <0.001 11/174 (6.3%) 10/33 (30.7%) <0.001
non-ICU 186/207 (89.9%) 156/165 (94.5%) 30/42 (71.4%) 163/174 (93.7%) 23/33 (69.7%)
CT findings
Locations of lesions
Single lung 24/168 (14.3%) 20/131 (15.3%) 4/37 (10.8%) 22/143 (15.4%) 2/25 (8.0%) 0.507
Bilateral lung 144/168 (85.7%) 111/131 (84.7%) 33/37 (89.2%) 0.494 121/143 (84.6%) 23/25 (92.0%)

(continued)
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Table 3. (continued)

Variables All patients Day 14 viral clearance rate P Day 21 discharge rate P

Features of lesions
Ground glass
opacities

151/162 (93.2%) 122/131 (93.1%) 29/31 (93.5%) 1.000 131/141 (92.9%) 20/21 (95.2%) 1.000

Consolidative/
mixed opacities

11/162 (6.8%) 9/131 (6.9%) 2/31 (6.5%) 10/141 (7.1%) 1/21 (4.8%)

Laboratory findings
White cell count
<4*109/L 74/207 (35.7%) 56/165 (33.9%) 18/42 (42.9%) 0.573 58/174 (33.3%) 16/33 (48.5%) 0.182
4-10*109/L 127/207 (61.4%) 104/165 (64.2%) 23/42 (54.8%) 111/174 (63.8%) 16/33 (48.5%)
>10*109/L 6/207 (2.9%) 5/165 (3.0%) 1/42 (2.4%) 5/174 (2.9%) 1/33 (3.0%)
Neutrophil
<2*109/L 42/207 (20.3%) 35/165 (21.2%) 7/42 (16.7%) 0.714 33/174 (19.0%) 9/33 (27.3%) 0.324
2-7*109/L 158/207 (76.3%) 125/165 (75.8%) 33/42 (78.6%) 136/174 (78.2%) 22/33 (69.7%)
>7*109/L 7/207 (3.4%) 5/165 (3.0%) 2/42 (4.8%) 5/174 (2.8%) 2/33 (6.1%)
Lymphocyte
<0.8*109/L 55/207 (26.6%) 38/165 (23.0%) 17/42 (40.5%) 0.022 37/174 (21.3%) 18/33 (54.5%) <0.001
�0.8*109/L 152/207 (73.4%) 127/165 (77.0%) 25/42 (59.5%) 137/174 (78.7%) 15/33 (45.5%)
Hemoglobin
<110g/L18 18/207 (8.7%) 12/165 (7.3%) 6/42 (14.3%) 0.257 13/174 (7.5%) 5/33 (15.2%) 0.272
�110g/L189 189/207 (91.3%) 153/165 (92.7%) 36/42 (85.7%) 161/174 (92.5%) 28/33 (84.8%)
Platelet
<100*109/L 13/207 (6.3%) 8/165 (4.8%) 5/42 (11.9%) 0.185 9/174 (5.2%) 4/33 (12.1%) 0.264
�100*109/L 194/207 (93.7%) 157/165 (95.2%) 37/42 (88.1%) 165/174 (94.8%) 29/33 (87.9%)
CK
>170U/L 23/205 (11.2%) 17/165 (10.3%) 6/41 (14.6%) 0.619 19/174 (10.9%) 4/33 (12.1%) 1.000
�170U/L 182/205 (88.8%) 147/165 (89.7%) 35/41 (85.4%) 153/174 (89.1%) 29/33 (87.9%)
CK-MB
>23U/L 17/205 (8.2%) 12/165 (7.3%) 5/39 (12.8%) 0.414 13/174 (7.5%) 4/33 (12.1%) 0.599
�23U/L 188/205 (91.8%) 154/165 (92.7%) 34/39 (87.2%) 159/174 (92.5%) 29/33 (87.9%)
D-dmier
>0.5mg/L 63/207 (30.4%) 50/165 (30.3%) 13/40 (32.5%) 0.752 51/174 (29.3%) 12/33 (36.4%) 0.419
�0.5mg/L 144/207 (69.6%) 117/165 (69.7%) 27/40 (67.5%) 123/174 (70.7%) 21/33 (63.6%)
Albumin
<35g/L 44/178 (24.7%) 32/140 (21.9%) 12/38 (38.1%) 0.269 35/152 (23.0%) 9/26 (34.6%) 0.206
�35g/L 134/178 (75.3%) 108/140 (78.1%) 26/38 (61.9%) 117/152 (77.0%) 17/26 (65.4%)
ALT
>40U/L 32/207 (15.5%) 21/165 (65.6%) 11/42 (26.2%) 0.031 25/174 (14.4%) 7/33 (21.2%) 0.319
�40U/L 175/207 (84.5%) 144/165 (82.3%) 31/42 (73.8%) 149/174 (85.6%) 26/33 (78.8%)
AST
>40U/L 26/207 (12.6%) 19/165 (11.5%) 7/42 (16.7%) 0.330 22/174 (12.6%) 4/33 (12.1%) 1.000
�40U/L 181/207 (87.4%) 147/165 (88.5%) 34/42 (83.3%) 152/174 (87.4%) 29/33 (87.9%)
Total bilirubin
>17.1umol/L 44/207 (21.3%) 35/165 (21.2%) 9/42 (21.4%) 0.976 32/174 (18.4%) 12/33 (36.4%) 0.021
�17.1umol/L 163/207 (78.7%) 130/165 (78.8%) 33/42 (78.6%) 142/174 (71.6%) 21/33 (63.6%)
Creatinine
>133umol/L 4/207 (1.9%) 2/165 (1.2%) 2/42 (4.8%) 0.182 2/174 (1.1%) 2/33 (6.1%) 0.120
�133umol/L 203/207 (98.1%) 163/165 (88.8%) 40/42 (95.2%) 172/174 (98.9%) 31/33 (93.9%)
LDH
>250 U/L 29/207 (14.0%) 19/165 (11.5%) 10/42 (23.8%) <0.001 22/174 (12.6%) 7/33 (21.2%) 0.305
�250U/L 178/207 (86.0%) 146/165 (88.5%) 32/42 (76.2%) 152/174 (87.4%) 26/33 (78.8%)
CRP
>10mg/L 115/198 (58.1%) 92/156 (59.0%) 23/42 (54.8%) 0.623 94/169 (55.6%) 21/30 (73.7%) 0.090
�10mg/L 83/198 (41.9%) 64/156 (41.0%) 19/42 (45.2%) 75/169 (44.4%) 8/30 (26.7%)
Procalcitonin
>0.5ug/L 5/205 (2.4%) 4/165 (2.4%) 1/40 (2.5%) 1.000 3/172 (1.7%) 2/33 (6.1%) 0.184
�0.5ug/L 200/205 (97.6%) 161/165 (97.6%) 39/40 (97.5%) 169/172 (98.3%) 31/33 (93.9%)
Therapy
Antibiotic
Yes 98/202 (48.5%) 72/161 (44.7%) 26/41 (63.4%) 0.032 75/169 (44.4%) 23/33 (69.7%) 0.008
No 104/202 (51.5%) 89/161 (55.3%) 15/41 (36.6%) 94/169 (55.6%) 10/33 (30.3%)

(continued)
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to COVID-19 guidelines in China (1 or 2 antiviral drugs).12

The viral clearance rates at day 4, 7, 10, 14, 21 and 28 (85.4%
vs 81.3%), median clearance time (8 days vs 7 days) and

symptom alleviation rate at day 28 (59.9% vs 66.6%) were all

similar. Another trial in 199 cases of LPV/r in addition to

standard care showed that the median time to clinical improve-

ment (both 16 days), mortality at 28 days (19.2% vs 25.0%) and

viral clearance rate were all similar.13

Secondly, both SARS and COVID-19 are acute virus infec-

tions that have self-limiting features in some mild/moderate

cases.14 A recent clinical trial compared LPV/r or arbidol with

no antiviral treatment.15 The mean time to viral clearance (9.0

vs 9.1 vs 9.3 days), viral clearance rate at different times, and

clinical improvement were all similar among the 3 groups.15

Thirdly, adding more antiviral drugs may bring more risk to

patients. In one study of COVID-19, median viral clearance

time of 3 drugs was longer than for 2 drugs (4 vs 2 days).11

In a retrospective study of MERS, interferon þ ribavirin com-

pared with no ribavirin/interferon increased 90-day mortality

rate (73.6% vs 61.5%), and the adjusted hazard ratio in the Cox

model remained significant.16

Fourthly, interferon is also an inflammatory factor and can

enhance immunoreactivity. It has been shown that adding inter-

feron to treatment of middle- and late-stage SARS patients may

cause disease deterioration,14 and interferon can stimulate

expression of angiotensin-converting enzyme 2, which can

accelerate replication and spread of COVID-19.17

Fifthly, patients in different studies have diverse character-

istics. For example, in China, remdesivir did not have a signif-

icant effect on time to clinical improvement,18 but in the US, it

significantly shortened recovery time.19 Nevertheless, in

China, time to clinical improvement was faster in patients with

symptom duration �10 days.18

Our study showed that corticosteroid treatment delayed

viral clearance and length of hospitalization. On January

28, 2020, WHO had already declared that present evidence

did not support corticosteroid treatment for COVID-19 lung

injury.20 Corticosteroids may prevent viral clearance and

delay hospitalization through inhibiting immunity. One

study of patients with critical MERS showed that corticos-

teroid treatment delayed viral clearance, and patients

Table 3. (continued)

Variables All patients Day 14 viral clearance rate P Day 21 discharge rate P

Corticosteroid
Yes 61/204 (30.3%) 38/163 (62.3%) 23/41 (48.8%) <0.001 42/171 (24.6%) 19/33 (57.6%) <0.001
No 143/204 (69.7%) 125/163 (37.7%) 18/41 (43.9%) 129/171 (75.4%) 14/33 (42.4%)
Oxygen support
Yes 165/174 (94.8%) 132/139 (95.0%) 33/35 (94.3%) 1.000 143/152 (94.1%) 22/22 (100%) 0.511
No 9/174 (5.2%) 7/139 (5.0%) 2/35 (5.7%) 9/152 (5.9%) 0/22 (0.0%)

CT: Computed tomography.
ALT: Alanine aminotransferase.
AST: Aspartate aminotransferase.
LDH: Lactate dehydrogenase.
CRP: C-responsive protein.
CK: Creatine kinase.
CK-MB: Creatine kinase-MB.

Table 4. Logistic Analysis of Factors Associated Viral Clearance and
Patients’ Discharged Rate.

Factors associated viral clearance at day 14

Variables

Univariate
analysis

OR (95%CI) P

Multivariate
analysis

OR (95%CI) P

3/4 drugs 4.24 (2.08-8.65) <0.001 3.07 (1.42-6.65) 0.004
Complications 4.35 (1.93-9.83) <0.001 - 0.402
Severe/critical 3.80 (1.77-8.15) 0.001 - 0.855
ICU admission 6.93 (2.69-17.90) <0.001 3.83 (1.31-11.16) 0.014
Lymphocyte
<0.8*109/L

2.60 (1.27-5.29) 0.009 - 0.633

ALT>40U/L 2.43 (1.07-5.56) 0.035 - 0.330
LDH>250U/L 2.40 (1.02-5.65) 0.045 - 0.834
Antibiotic 2.14 (1.06-4.35) 0.035 - 0.928
Corticosteroid 4.20 (2.06-8.20) <0.001 2.52 (1.12-5.67) 0.026

Factors associated patients’ discharge at day 21.

Variables

Univariate
analysis

OR (95%CI) P

Multivariate
analysis

OR (95%CI) P

3/4 drugs 3.68 (1.70-7.94) 0.010 2.99 (1.26-7.14) 0.013
Complications 8.23 (3.49-19.38) <0.001 5.10 (1.96-13.25) 0.001
Severe/critical 2.61 (1.14-5.97) 0.023 - 0.118
ICU admission 6.44 (2.46-16.85) <0.001 - 0.910
Lymphocyte
<0.8*109/L

4.44 (2.04-9.65) <0.001 - 0.134

Total bilirubin
>17.1umol/L

2.54 (1.13-5.68) 0.024 2.89 (1.14-7.35) 0.025

Antibiotic 2.88 (1.29-6.43) 0.010 - 0.307
Corticosteroid 4.17 (1.90-9.03) <0.001 2.56 (1.03-6.19) 0.043

ALT: Alanine aminotransferase.
LDH: Lactate dehydrogenase.
ICU: Intensive care unit.
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required more mechanical ventilation, vasopressors, and

renal replacement therapy.21 A meta-analysis showed that

corticosteroid treatment was harmful in SARS patients,

including more viremia, complications, and psychosis.22 A

systematic review and meta-analysis of influenza found that

corticosteroid treatment increased mortality and length of

stay in ICU.23

We found no significant relationship between total bilirubin

and disease severity (Supplementary Table 6), so higher total

bilirubin was an independent risk factor for prolonged hospi-

talization. However, complications were associated with

patients who had more serious disease.

Our study had several limitations. (1) Although we used a

multivariate logistic model to adjust confounders, we could not

exclude potential confounding factors. (2) The limited number

of patients in the 3/4-drugs group restricted the statistical

power of the subgroup analysis. (3) We did not analyze adverse

effect of drugs, owing to insufficient data. Most cases of adult

respiratory distress syndrome occurred within 4 days (median 1

day) after admission to hospital in our study, so it did not relate

to drug efficacy. (4) There were few fatal cases in our study, so

there were insufficient data to analyze mortality. (5) The cur-

rent study did not involve remdesivir, which was not approved

in China. Remdesivir can inhibit formation of viral RNA in

many viruses such as Ebola virus, Nipah virus, MERS-CoV,

SARS-CoV and SARS-CoV-2.24

In conclusion, our study showed that the efficacy of 1 or 2

antiviral drugs was similar in COVID-19, and 3/4-drug regi-

mens were not associated with clinical improvement. Conver-

sely, some regimens of 3/4 drugs might bring poor clinical

outcomes. Corticosteroid treatment and more serious disease

conditions were both risk factors for viral clearance and length

of hospitalization. The current study may provide some refer-

ence values for clinicians, and changed the thinking that more

antiviral drugs may bring better efficacy. It also benefits

patients and reduces hospitalization cost, thus saving medical

resources.

Authors’ Note

Xingsheng Hu and Chunhong Hu contributed equally. The primary

data of this article are available from the corresponding author upon

reasonable request.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Xiangyu Chen https://orcid.org/0000-0002-4233-8822

Supplemental Material

Supplemental material for this article is available online.

References

1. Lu R, Zhao X, Li J, et al. Genomic characterisation and epide-

miology of 2019 novel coronavirus: implications for virus origins

and receptor binding. Lancet. 2020;395(10224):565-574.

2. World Health Organization. Published 2020. Accessed July 8, 2020.

https://www.who.int/docs/default-source/coronaviruse/situation-re

ports/20200708-covid-19-sitrep-170.pdf?sfvrsn¼bca86036_2.

3. Chan KS, Lai ST, Chu CM, et al. Treatment of severe acute

respiratory syndrome with lopinavir/ritonavir: a multicentere ret-

rospective matched cohort study. Hong Kong Me d J. 2003;9(6):

399-406.

4. Chu CM, Cheng VC, Hung IF, et al. Role of lopinavir/ritonavir in

the treatment of SAR- S: initial virologycal and clinical findings.

Thorax. 2004;59(3):252-256.

5. Kiselev OI, Maleev VV, Deeva EG, et al. Clinical efficacy of

arbidol (umifenovir) in the therapy of influenza in adults: prelim-

inary results of the multicenter double-blind randomized placebo-

controlled study ARBITR. Ter Arkh. 2015;87(1):88-96.

6. Loutfy MR, Blatt LM, Siminovitch KA, et al. Interferon alfacon-1

plus corticosteroids in severe acute respiratory syndrome: a pre-

liminary study. JAMA. 2003;290(24):3222-3228.

7. Omrani AS, Saad MM, Baig K, et al. Ribavirin and interferon

alfa-2a for severe Middle East respiratory syndrome coronavirus

infection: a retrospective cohort study. Lancet Infect Dis. 2014;

14(11):1090-1095.

8. Chinese Government. Diagnosis and treatment protocol for novel

coronavirus pneumonia (7th interim edited). China NHCOTPSRO.

Published 2020. Accessed June 29, 2020. http://www.gov.cn/zhe

ngce/zhengceku/2020-03/04/con-tent_5486705.htm.

9. World Health Organization. Coronavirus disease (COVID-19)

technical guidance: laboratory testing for 2019-nCoV in humans.

Published 2019. Accessed May 15, 2020. https://www.who.int/

publications/m/item/molecular-assays-to-diagnose-covid-19-

summary-table-of-available-protocols.

10. Li M, Rao C, Pei D, et al. Novaferon a novel recombinant protein

produced by DNA-shuffling of IFN-a, shows antitumor effect in

vitro and in vivo. Cancer Cell Int. 2014;14(1):8.

11. Chen J, Liu D, Liu L, et al. A pilot study of hydroxychloroquine in

treatment of patients with moderate COVID-19. Zhejiang Da Xue

Xue Bao Yi Xue Ban. 2020;49(2):215-219.

12. Tang W, Cao ZJ, Han MF, et al. Hydroxychloroquine in patients

with COVID-19: an open-label, randomized, controlled trial. Med

Rxiv [Preprint]. Published 2020. Accessed May 15, 2020. https://

www.medrxiv.org/content/10.1101/2020.04.10.20060558v2.

13. Cao B, Wang Y, Wen D, et al. A trial of lopinavir-ritonavir in

adults hospitalized with severe covid-19. N Engl J Med. 2020;

382(19):1787-1799.

14. Mou XH, Zhou XZ. Several suggests for SARS treatment drugs.

Chin J infect Dis. 2004;22(1):66-68.

15. Li YP, Xie ZW, Lin WY, et al. An exploratory randomized con-

trolled study on the efficacy and safety of lopinavir/ritonavir or

arbidol treating adult patients hospitalized with mild/moderate

COVID-19 (ELACOI). Med Rxiv [Preprint]. Published 2020.

Accessed May 15, 2020. https://www.medrxiv.org/content/10.

1101/2020.03.19.20038984v2.

10 Dose-Response: An International Journal

https://orcid.org/0000-0002-4233-8822
https://orcid.org/0000-0002-4233-8822
https://orcid.org/0000-0002-4233-8822
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200708-covid-19-sitrep-170.pdf?sfvrsn=bca86036_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200708-covid-19-sitrep-170.pdf?sfvrsn=bca86036_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200708-covid-19-sitrep-170.pdf?sfvrsn=bca86036_2
http://www.gov.cn/zhengce/zhengceku/2020-03/04/con-tent_5486705.htm
http://www.gov.cn/zhengce/zhengceku/2020-03/04/con-tent_5486705.htm
https://www.who.int/publications/m/item/molecular-assays-to-diagnose-covid-19-summary-table-of-available-protocols
https://www.who.int/publications/m/item/molecular-assays-to-diagnose-covid-19-summary-table-of-available-protocols
https://www.who.int/publications/m/item/molecular-assays-to-diagnose-covid-19-summary-table-of-available-protocols
https://www.medrxiv.org/content/10.1101/2020.04.10.20060558v2
https://www.medrxiv.org/content/10.1101/2020.04.10.20060558v2
https://www.medrxiv.org/content/10.1101/2020.03.19.20038984v2
https://www.medrxiv.org/content/10.1101/2020.03.19.20038984v2


16. Arabi YM, Shalhoub S, Mandourah Y, et al. Ribavirin and inter-

feron therapy for critically ill patients with Middle East respira-

tory syndrome: a multicenter observational study. Clin Infect Dis.

2019;70(9):1837-1844.

17. Zhuang MW, Cheng Y, Zhang J, et al. Increasing host cellular

receptor-angiotensin-converting enzyme 2 (ACE2) expression by

coronavirus may facilitate 2019-nCoV (Or SARS-CoV-2). Infec-

tion J Med Virol [Preprint]. Published 2020. doi:10.1002/jmv.

26139. Accessed June 29, 2020. https://onlinelibrary.wiley.com/

doi/abs/10.1002/jmv.26139.

18. Wang Y, Zhang D, Guanhua Du, et al. Remdesivir in

adults with severe COVID-19: a randomised, double-blind,

placebo-controlled, multicentre trial. Lancet. 2020;395(10236):

1569-1578.

19. Back of obtaining of urgent right to use of remdesivir: how to

view different outcomes between China and America? Published

2020. Accessed May 15, 2020. https://baijiahao.baidu.com/s?i

d¼1665574582573807627&wfr¼spider&for¼pc.

20. Russell CD, Millar JE, Baillie JK. Clinical evidence does not

support corticosteroid treatment for 2019-nCoV lung injury. Lan-

cet. 2020;395(10223):473-475.

21. Arabi YM, Mandourah Y, Al-Hameed F, et al. Corticosteroid

therapy for critically ill patients with middle east respiratory syn-

drome. Am J Respir Crit Care Med. 2018;197(6):757-767.

22. Stockman LJ, Bellamy R, Garner P. SARS: systematic review of

treatment effects. PLoS Med. 2006;3(9):e343.

23. Ni YN, Chen G, Sun J, Bin-Miao L, Zong-An L. The effect of

corticosteroids on mortality of patients with influenza pneumo-

nia: a systematic review and meta-analysis. Crit Care. 2019;

23(1):99.

24. Saha A, Sharma AR, Bhattacharya M, Sharma G, Sang-Soo L,

Chakraborty C. Probable molecular mechanism of remdesivir for

the treatment of COVID-19: need to know more. Arch Med Res

[preprint]. 2020:S0188-4409(20)30699-8. Accessed June 8,

2020. https://www.Sciencedirect.com/science/article/pii/

S0188440920306998?via%3Dihub.

Hu et al 11

https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.26139
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.26139
https://baijiahao.baidu.com/s?id=1665574582573807627&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1665574582573807627&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1665574582573807627&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1665574582573807627&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1665574582573807627&wfr=spider&for=pc
https://www.Sciencedirect.com/science/article/pii/S0188440920306998?via&percnt;3Dihub
https://www.Sciencedirect.com/science/article/pii/S0188440920306998?via&percnt;3Dihub
https://www.Sciencedirect.com/science/article/pii/S0188440920306998?via&percnt;3Dihub


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


