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Introduction: Coronavirus disease-2019 (COVID-19) caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) swept rapidly throughout the world. So far, no therapeutics have yet proven to be
effective. Ribavirin was recommended for the treatment of COVID-19 in China because of its in vitro
activity. However, evidence supporting its clinical use with good efficacy is still lacking.
Methods: A total of 208 confirmed severe COVID-19 patients who were hospitalized in Wuhan Union
West Campus between 1 February 2020 and 10 March 2020 were enrolled in the retrospective study.
Patients were divided into two groups based on the use of ribavirin. The primary endpoint was the time
to clinical improvement. The secondary endpoints included mortality, survival time, time to throat swab
SARS-CoV-2 nucleic acid negative conversion, and the length of hospital stay.
Results: 68 patients were treated with ribavirin while 140 not. There were no significant between-group
differences in demographic characteristics, baseline laboratory test results, treatment, and distribution of
ordinal scale scores at enrollment, except for coexisting diseases especially cancer (ribavirin group vs no
ribavirin group, P ¼ 0.01). Treatment with ribavirin was not associated with a difference in the time to
clinical improvement (P ¼ 0.48, HR ¼ 0.88, 95% CI ¼ 0.63e1.25). There were also no significant differ-
ences between-group in SARS-CoV-2 nucleic acid negative conversion, mortality, survival time, and the
length of hospital stay.
Conclusions: In hospitalized adult patients with severe COVID-19, no significant benefit was observed
with ribavirin treatment.

© 2021 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19), which was declared by
the World Health Organization (WHO) as a public health emer-
gency of international concern on 30 January 2020, was caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Symptoms of COVID-19 ranged from mild, self-limiting respiratory
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tract illness to severe progressive pneumonia, multiorgan failure,
and death [1]. It was very transmissible, with each new infected
case producing an average of 2.68 new secondary cases [2]. COVID-
19 was now a global pandemic. Up to 3 January 2021, almost every
country was struck by COVID-19 with 83,326,479 cases and
1,831,703 deaths [3].

With the increasing understanding of the disease and the
accumulation of treatment experience, the diagnosis and treatment
schemes for COVID-19 are continually updated. The National Health
Committee of the People’s Republic of China has issued 8 versions
of the New Coronavirus Infected Pneumonia Diagnosis and Treat-
ment Plan, which includes the usage of anti-viral drugs, antibiotics,
respiratory support, symptomatic support, and corticosteroids, etc.
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However, there are still no specific therapeutic agents for corona-
virus infections at present.

Ribavirin was prominent on the list of potential COVID-19
treatments from the 5th version of the New Coronavirus Infected
Pneumonia Diagnosis and Treatment Plan. Ribavirin was recom-
mended to usewith interferon alfa or lopinavir-ritonavir for COVID-
19 [4]. Ribavirin has activity both in vitro and in vivo against Middle
East respiratory syndrome coronavirus (MERS-CoV), and case re-
ports have suggested that the combination of ribavirin with inter-
feron alfa resulted in virologic clearance and survival [5,6]. The data
on the convincing evidence from clinical trials supporting the use of
ribavirin with good efficacy for the treatment of COVID-19 are still
lacking.

In the study, we explored the use of ribavirin in hospitalized
patients with severe COVID-19, committing to provide new testi-
mony for the clinical remedy of COVID-19.

2. Methods

2.1. Patient inclusion

There were 208 confirmed COVID-19 patients included in the
study. All subjects were enrolled from Union Hospital West
Campus, Tongji Medical College, Huazhong University of Science
and Technology between 1 February 2020 and 10 March 2020. The
inclusion criteria were: (1) diagnosed with COVID-19 by laboratory
confirmation of SARS-CoV2 via reverse transcriptase-polymerase
chain reaction assays on the throat, swabs; (2). Severe adult
COVID-19 infection met at least one of (a) respiratory distress,
respiratory rate � 30 times/min; (b) oxygen saturation � 93% at
rest; (c) PaO2/FiO2 � 300 mmHg; (d) the symptoms showed pro-
gressive aggravation, and chest X-ray or CT indicated that the le-
sions progressed more than 50% within 24e48 h [4]; (3). Patients
with clear clinical outcomes (discharged or dead); (4). For the
ribavirin group, 500 mg IV BID or TID for at least 3 days. The
exclusion criteria were: (1). Pregnancy; (2). Hospital length of
stay�48 h; (3). Age�18 years. The study was approved by the
institution of the research ethics committee of Union Hospital,
Tongji Medical College, Huazhong University of Science and Tech-
nology ([2020-0104]).

2.2. Data collection

All data including patients’ demographics, comorbidities,
symptoms, laboratory parameters, therapy regimens, oxygen-
support category, outcomes, were collected from the electronic
medical record system.

2.3. Outcome measures

The time to clinical improvement, defined as the time from
admission to an improvement of two points on the seven-category
ordinal scale, was used as the primary endpoint to assess the pri-
mary outcome of treatments [7]. Patients were assessed on a seven-
category ordinal scale on day 1, 7, 14, and 28. The seven-category
ordinal scale as following: 1. Not hospitalized with resumption of
normal activities; 2. Not hospitalized, but unable to resume normal
activities; 3. Hospitalized, not requiring supplemental oxygen; 4.
Hospitalized, requiring supplemental oxygen; 5. Hospitalized,
requiring nasal high-flow oxygen therapy, noninvasive mechanical
ventilation, or both; 6. Hospitalized, requiring ECMO, invasive
mechanical ventilation, or both; 7. Death [8]. Patientswith failure to
reach clinical improvement or death before day 28were considered
as right-censored at day 28. The secondary endpoints included
mortality, survival time, time to throat swab SARS-CoV-2 nucleic
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acid negative conversion, and the length of hospital stay. Time to
throat swab SARS-CoV-2 nucleic acid negative conversion was the
time from admission to the second time of two consecutive nega-
tive nucleic acid tests using respiratory tract samples (taken at least
24 h apart). The throat swab samples were usually obtained on day
5, 10, 14, 21, and 28 until discharge or death had occurred, and were
tested at Department of Clinical Laboratory, Union Hospital West
Campus, Tongji Medical College, Huazhong University of Science
and Technology.

2.4. Statistical analysis

Continuous variables were displayed as median (interquartile
range [IQR]), and categorical variables were expressed as number
(proportion). The Student t-test or one-way ANOVA was employed
for group comparison of continuous data that are normally
distributed; otherwise, the Mann-Whitney U test or Kruskal-Wallis
test was used. The Chi-square test or the Fisher exact test was used
to compare categorical data. The time to clinical improvement,
SARS-CoV-2 nucleic acid negative conversion, or survival curves
was portrayed by the Kaplan-Meier plot. Hazard ratios (HR) with
95% confidence intervals (CI) were calculated by means of the Cox
proportional-hazards model. Statistical analyses were performed
using SPSS (Version 23.0). All tests were 2-sided, and P < 0.05 was
considered statistically significant.

3. Result

3.1. Demographic and clinical characteristics

A total of 208 severe patients with COVID-19 were included in
this study. Based on whether treated with ribavirin, patients were
divided into two groups. The ribavirin group has 68 patients.
Among them, 29 patients were treated with the regimen of riba-
virin and interferon, and 26 patients received the regimen of
ribavirin and lopinavir/ritonavir. There were 140 patients without
ribavirin treatment. The median duration of ribavirin in the riba-
virin group was 10 days (IQR, 7e12 days). The median timing of
ribavirin treatment was 3 days (IQR, 1e7 days) after admission.

The median age of patients was 62 years (IQR, 52e70 years), and
51.4% of the patients were men. 121 (58.2%) patients had chronic
illnesses. The most common symptoms before admission were fe-
ver (78.4%), cough (70.2%), expectoration (30.8%), dyspnea (58.2%),
and diarrhea (13.5%). The demographic and clinical features are
shown in Table 1 and Supplementary Table 1. The median interval
time between symptom onset and admission was 12 days (IQR,
7e15 days). There were no significant between-group differences
in demographic characteristics, baseline laboratory test results,
distribution of ordinal scale scores at enrollment, except coexisting
diseases especially cancer (ribavirin group vs no ribavirin group,
P ¼ 0.01). In terms of treatment approaches, most of them received
the treatment of arbidol, respiratory support, antibiotic agents,
expectorants, and immunopotentiators. Some were given with
chloroquine, Lianhua Qingwen, XUE BI JING injection, and gluco-
corticoid. There were no between-group differences in treatment
(Table 1).

3.2. Outcome

The median time to clinical improvement was 22 days in the
ribavirin group, 23 days in the ribavirin and lopinavir/ritonavir
group, 27 days in the ribavirin and interferon group, as compared
with 22 days in the no ribavirin group (P ¼ 0.48; P ¼ 0.56; P¼ 0.48)
(Table 2). There were no differences in the cumulative improve-
ment rate between-group (ribavirin group vs no ribavirin group:



Table 1
Demographic and clinical characteristics of the patients at baseline.

Characteristic Total (N ¼ 208) Ribavirin
(N ¼ 68)

Ribavirin þ Interferon
(N ¼ 29)

Ribavirin þ Lopinavir/
Ritonavir (N ¼ 26)

No Ribavirin
(N ¼ 140)

P
Valuea

P
Valueb

P
Valuec

Male sexdno. (%) 107(51.4) 38(55.9) 20(69.0) 17(65.4) 69(49.3) 0.37 0.05 0.13
Age, median(IQR) dyr 62(52,70) 63(53,70) 60(55,68) 62(48,71) 62(52,70) 0.42 0.71 0.84
Coexisting conditionsdno. (%) 121(58.2) 49(72.1) 17(58.6) 15(57.7) 72(51.4) 0.00 0.48 0.56
Clinical symptoms before admission
Fiverdno. %) 163(78.4) 56(82.4) 22(75.9) 19(73.1) 107(76.4) 0.33 0.95 0.71
Coughdno. (%) 146(70.2) 50(73.5) 23(79.3) 18(69.2) 96(68.6) 0.46 0.25 0.95
Expectorationdno. (%) 64(30.8) 15(22.1) 6(20.7) 7(26.9) 49(35.0) 0.06 0.13 0.42
Dyspneadno. (%) 121(58.2) 36(52.9) 18(62.1) 13(50.0) 85(60.7) 0.29 0.89 0.31
Diarrheadno. (%) 28(13.5) 12(17.6) 4(13.8) 7(26.9) 16(11.4) 0.22 0.72 0.04
White-cell count ( � 109/L) d median (IQR) 5.63(4.40,7.44) 5.44(4.40,7.59) 5.58(4.11,7.42) 5.56(4.50,7.80) 5.75(4.40,7.36) 0.53 0.59 0.20
Absolute Neutrophil count ( � 109/L) d

median (IQR)
4.00(2.96,5.84) 4.11(3.15,5.95) 3.85(2.71,5.88) 4.23(2.90,6.90) 3.99(2.94,5.56) 0.53 0.55 0.20

Lymphocyte count ( � 109/L) d median
(IQR)

0.97(0.66,1.31) 1.00(0.68,1.30) 1.08(0.67,1.35) 1.02(0.69,1.32) 0.96(0.64,1.33) 0.85 0.85 0.99

Eosinophil count ( � 109/L) d median (IQR) 0.04(0.01,0.11) 0.04(0.01,0.13) 0.06(0.00,0.15) 0.02(0.01,0.07) 0.04(0.01,0.10) 0.48 0.19 0.83
Hemoglobin (g/L) d median (IQR) 125(115,135) 126(120,134) 128(121,137) 126(120,142) 124(113,135) 0.26 0.06 0.20
Platelet count ( � 109/L) d median (IQR) 215(153,292) 214(159,286) 207(155,252) 211(120,142) 217(147,292) 0.94 0.39 0.73
C-reactive protein (mg/L)d median (IQR) 15.95(3.58,53.25) 16.69(3.75,67.09) 16.69(2.16,53.53) 16.23(4.34,70.08) 15.73(3.60,42.56) 0.31 0.89 0.28
Seven-category scale at day 1
3: Hospitalization, not requiring

supplemental oxygen d no. (%)
41(19.7) 10(14.7) 4(13.8) 2(7.7) 31(22.1) 0.07 0.42 0.08

4: Hospitalization, requiring supplemental
oxygen d no. (%)

128(61.5) 41(60.3) 20(69.0) 15(57.7) 87(62.1)

5: Hospitalization, requiring HFNC or
noninvasive mechanical ventilation d

no. (%)

37(17.8) 16(23.5) 5(17.2) 8(30.8) 21(15.0)

6: Hospitalization, requiring ECMO, invasive
mechanical ventilation, or both d no. (%)

2(1.0) 1(1.5) 0(0.0) 1(3.8) 1(0.7)

Days from illness onset to inpatient d
median (IQR)

12(7,15) 12(7,15) 13(7,16) 12(7,15) 12(7,15) 0.58 0.55 0.88

Treatments during inpatient
Chloroquine d no. (%) 32(15.4) 12(17.6) 5(17.2) 5(19.2) 20(14.3) 0.53 0.68 0.52
Arbidol d no. (%) 188(90.4) 60(88.6) 22(75.9) 22(84.6) 128(91.4) 0.46 0.02 0.28
Lianhua Qingwen d no. (%) 84(40.4) 23(33.8) 5(17.2) 12(46.2) 61(43.6) 0.18 0.01 0.81
XUE BI JING injection d no. (%) 51(24.5) 17(25.0) 8(27.6) 7(26.9) 34(24.3) 0.91 0.71 0.78
Antibiotic agent d no. (%) 180(86.5) 58(85.3) 26(89.7) 20(76.9) 122(87.1) 0.71 0.71 0.17
Expectorants d no. (%) 127(61.1) 39(57.4) 20(69.0) 15(57.7) 88(62.9) 0.44 0.53 0.62
Immunopotentiator d no. (%) 106(51,0) 29(42.6) 12(41.4) 12(46.2) 77(55.0) 0.10 0.18 0.41
Anticoagulant drugs d no. (%) 41(19.7) 15(22.1) 7(24.1) 9(34.6) 26(18.6) 0.55 0.49 0.07
Anti-platelet drugs d no. (%) 13(6.2) 6(8.8) 1(3.4) 2(7.7) 7(5.0) 0.28 0.72 0.58
Glucocorticoid therapy d no. (%) 70(33.6) 28(41.2) 13(44.8) 12(46.2) 42(30.0) 0.11 0.12 0.11

IQR interquartile range.
a The ribavirin group compared with the no ribavirin group.
b The ribavirin þ interferon group compared with the no ribavirin group.
c The ribavirin þ lopinavir/ritonavir group compared with the no ribavirin group.
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P ¼ 0.48, HR ¼ 0.88, 95% CI ¼ 0.63e1.25; ribavirin and lopinavir/
ritonavir group vs no ribavirin group: P ¼ 0.56, HR ¼ 0.86, 95%
CI ¼ 0.52e1.42; ribavirin and interferon group vs no ribavirin
group: P ¼ 0.48, HR ¼ 0.24, 95% CI ¼ 0.46e1.22) (Fig. 1). No sig-
nificant differences were observed in the score on a seven-category
scale on day 7, 14 (Table 2).

A total of 167 patients reached a negative conversion of the
SARS-CoV-2 virus. The median duration for a patient with positive
SARS-CoV-2 from admission was 10 days in the ribavirin group, 13
days in the ribavirin and lopinavir/ritonavir group, 13 days in the
ribavirin and interferon group, as compared with 10 days in the no
ribavirin group (P ¼ 0.53; P ¼ 0.76; P ¼ 0.26) (Table 2). There were
no differences in the cumulative conversion of SARS-CoV-2 nucleic
acid between-group (ribavirin group vs no ribavirin group:
P ¼ 0.53, HR ¼ 1.11, 95% CI ¼ 0.78e1.55; ribavirin and lopinavir/
ritonavir group vs no ribavirin group: P ¼ 0.76, HR ¼ 1.08, 95%
CI ¼ 0.65e1.79; ribavirin and interferon group vs no ribavirin
group: P ¼ 0.25, HR ¼ 0.77, 95% CI ¼ 0.48e1.21) (Fig. 2). No sig-
nificant differences were observed between-group in the number
of patients with SARS-CoV-2 nucleic acid negative conversion at
day 7, 14 and 28 (Table 2).
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There were 16 (23.5%) deaths in the ribavirin group, 8 (30.8%)
deaths in the ribavirin and lopinavir/ritonavir group, 6 (20.7%)
deaths in the ribavirin and interferon group, and 25 (17.9%) deaths
in the no ribavirin group. There were no differences in the survival
rate (ribavirin group vs no ribavirin group: P ¼ 0.44, HR ¼ 1.28, 95%
CI ¼ 0.68e2.40; ribavirin and lopinavir/ritonavir group vs no
ribavirin group: P ¼ 0.196, HR ¼ 1.69, 95% CI ¼ 0.76e3.75; ribavirin
and interferon group vs no ribavirin group: P¼ 0.79, HR¼ 1.13, 95%
CI ¼ 0.46e2.74) (Fig. 3). The mortality at day 7, 14 and 28, duration
of hospitalization and clinical symptoms during inpatient were no
differences between-group (Table 2).

4. Discussion

This retrospective study included 208 patients who were hos-
pitalized in the designed hospital for severe COVID-19 patients.
Among them, 68 patients were treated with ribavirin. The finding
did not provide evidence to support an increase in the probability
of clinical improvement, negative conversion of SARS-CoV-2
conferred by ribavirin treatment even the combination of riba-
virin and lopinavir/ritonavir or interferon. The use of ribavirin



Table 2
Outcomes of the treatment.

Characteristic Total(N ¼ 208) Ribavirin
(N ¼ 68)

Ribavirin þ Interferon
(N ¼ 29)

Ribavirin þ Lopinavir/
Ritonavir (N ¼ 26)

No Ribavirin
(N ¼ 140)

P
Valuea

P
Valueb

P
Valuec

Time to clinical improvement d median no. of
days (IQR)

22(19,28) 22(19,28) 27(19,28) 23(19,28) 22(19,28) 0.48 0.56 0.48

Score on seven-category scale at day 7 d no. of patients (%) 0.14 0.47 0.08
2: Not hospitalized, but unable to resumenormal

activities
0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

3: Hospitalization, not requiring supplemental
oxygen

25(12.0) 5(7.4) 3(10.3) 2(7.7) 20(14.3)

4: Hospitalization, requiring supplemental oxygen 130(62.5) 43(63.2) 18(62.1) 14(53.8) 87(62.1)
5: Hospitalization, requiring HFNC ornoninvasive

mechanical ventilation
40(19.2) 14(20.6) 5(17.2) 6(23.1) 26(18.6)

6: Hospitalization, requiring ECMO, invasive
mechanical ventilation, or both

11(5.3) 6(8.8) 3(10.3) 4(15.4) 5(3.6)

7: Death 2(1.0) 0(0.0) 0(0.0) 0(0.0) 2(1.4)
Score on seven-category scale at day 14 d no. of patients (%)
2: Not hospitalized, but unable to resumenormal

activities
20(9.6) 9(13.2) 3(10.3) 4(15.4) 11(7.9) 0.79 0.75 0.51

3: Hospitalization, not requiring supple-mental
oxygen

39(18.8) 9(13.2) 4(13.8) 2(7.7) 30(21.4)

4: Hospitalization, requiring supplemental oxygen 102(49.0) 33(48.5) 15(51.7) 12(46.2) 69(49.3)
5: Hospitalization, requiring HFNC ornoninvasive

mechanical ventilation
13(6.2) 4(5.9) 2(6.9) 1(3.8) 9(6.4)

6: Hospitalization, requiring ECMO, invasive
mechanical ventilation, or both

15(7.2) 9(13.2) 4(13.8) 6(23.1) 6(4.3)

7: Death 19(9.1) 4(5.9) 1(3.4) 1(3.8) 15(10.7)
Time to SARS-CoV-2 nucleic acid negative d

median no. of days (IQR)
10(7,14) 10(7,13) 13(10,16) 13(9,14) 10(7,15) 0.53 0.76 0.26

SARS-CoV-2 nucleic acid negative d no. (%) 167(80.3) 52(76.5) 23(79.3) 18(69.2) 115(82.1) 0.25 0.72 0.27
Day 7 46(27.5) 14(26.9) 4(17.4) 3(16.7) 32(27.8) 0.71 0.28 0.19
Day 14 130(82.8) 45(86.5) 16(69.6) 16(88.9) 85(73.9) 0.44 0.58 0.94
Day 28 166(99.4) 51(98.1) 22(95.6) 18(100.0) 115(100.0) 0.23 0.43 0.24
Time from admission to death d medianno. of

days (IQR)
16(11,20) 20(16,23) 18(16,20) 20(19,23) 14(11,17) 0.04 0.36 0.05

Mortality d no. (%) 41(19.7) 16(23.5) 6(20.7) 8(30.8) 25(17.9) 0.25 0.72 0.27
Day 7 2(4.9) 0(0.0) 0(0.0) 0(0.0) 2(8.0) 0.99 0.99 0.99
Day 14 19(46.3) 4(25.0) 1(16.7) 1(14.3) 15(60.0) 0.26 0.31 0.47
Day 28 40(97.6) 15(93.8) 6(100.0) 7(100.0) 25(100.0) 0.47 0.72 0.59
Hospital stay d median no. of days (IQR) 20(16,24) 20(17,23) 20(18,27) 20(17,23) 20(16,24) 0.41 0.14 0.77
Clinical symptoms During inpatient
Fiver-no. (%) 33(15.9) 11(16.2) 6(20.7) 2(7.7) 22(15.7) 0.93 0.51 0.28
Cough-no. (%) 120(57.7) 38(55.9) 17(58.6) 12(46.2) 82(58.6) 0.71 0.99 0.24
Expectoration -no. (%) 57(27.4) 13(19.1) 4(13.8) 5(19.2) 44(31.4) 0.06 0.06 0.21
Dyspnea-no. (%) 90(43.3) 29(42.6) 8(27.6) 10(38.5) 61(43.6) 0.90 0.11 0.63
Diarrhea-no. (%) 16(7.7) 6(8.8) 2(6.9) 4(8.2) 10(7.1) 0.67 0.96 0.16

a The ribavirin group compared with the no ribavirin group.
b The ribavirin þ interferon group compared with the no ribavirin group.
c The ribavirin þ lopinavir/ritonavir group compared with the no ribavirin group.

Fig. 1. Time to clinical improvement for hospitalized COVID-19 patients from admission. (a) Ribavirin Group vs. No Ribavirin Group; (b) Ribavirin þ Lopinavir/Ritonavir Group vs. No
Ribavirin Group; (c) Ribavirin þ Interferon Group vs. No Ribavirin Group.
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might not decrease the probability of mortality or the length of
hospital stay either.
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Ribavirin, a guanosine analog, not only interferes with the
replication of RNA and DNA viruses and RNA capping but also
promotes the destabilization of viral RNA. Ribavirin was combined



Fig. 2. Overall negative conversion curve in COVID-19 patients from admission. (a) Ribavirin Group vs. No Ribavirin Group; (b) Ribavirin þ Lopinavir/Ritonavir Group vs. No
Ribavirin Group; (c) Ribavirin þ Interferon Group vs. No Ribavirin Group.

Fig. 3. Kaplan-Meier curve for hospitalized COVID-19 patients from admission. (a) Ribavirin Group vs. No Ribavirin Group; (b) Ribavirin þ Lopinavir/Ritonavir Group vs. No Ribavirin
Group; (c) Ribavirin þ Interferon Group vs. No Ribavirin Group.
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with lopinavir/ritonavir for the treatment of SARS-Cov patients,
who showed a favorable clinical response [9]. The combination of
ribavirin and interferon-a2b or -a2a was found to block MERS-CoV
viral replication and reduce ICU admission [10,11]. The pathology of
COVID-19 resembles that of the 2013 MERS-CoV and 2003 SARS-
CoV infections. Ribavirin showed in vitro direct-acting anti-viral
activity by binding to the RNA-dependent RNA polymerase of SARS-
CoV-2, which established the basis for its clinical use against the
SARS-CoV-2 [12,13]. With its potency toward SARS-CoV-2 and
availability, ribavirin was recommended for the treatment of
COVID-19 by the National Health Commission of the People’s Re-
public of China. However, WHO, IDSA, and NIH did not recommend
the drug for the treatment of COVID-19. What’s more, the clinical
evidence supporting the use of ribavirin for COVID-19 was still
lacking. Our study did not support that ribavirin significantly
improved clinical symptoms, decrease the time to SARS-CoV-2
nucleic acid negative conversion and mortality. Tong et al.
showed that intravenous ribavirin therapy was not associated with
improved negative conversion time for the SARS-CoV-2 test or a
reduced mortality rate in a retrospective cohort study of 115 severe
COVID-19 patients, which were consistent with our results. Eslami
et al. found that treatment of patients with severe COVID-19 with
sofosbuvir/daclatasvir was significantly more effective than riba-
virin through improved clinical symptoms, lower mortality rates, a
shorter duration of both ICU and hospital stays, and fewer side
effects in an open-label study [14]. Those studies indicated that the
use of ribavirin made no significant contribution to the prognosis of
patients with severe COVID-19. Ribavirin was recommended to use
with interferon alfa or lopinavir-ritonavir for COVID-19 in China.
We compared the outcomes of the combination of ribavirin and
interferon alfa or lopinavir-ritonavir with no ribavirin. However, no
880
significant differences were found. So far, few drugs were proved to
be effective for severe COVID-19. A number of studies found that no
evidence of a strong antiviral activity or clinical benefit of
hydroxychloroquine for the treatment of our hospitalized patients
with severe COVID-19 despite its strong antiviral activity against
SARS-CoV-2 in vitro [15e17]. Cao B et al. found that no benefit was
observed with lopinavir/ritonavir treatment beyond standard care
for those adult patients with severe COVID-19 [7]. Remdesivir was
not associated with statistically significant clinical benefits in adult
patients admitted to the hospital for severe COVID-19 [18]. Though
tocilizumab and administration of convalescent plasma containing
neutralizing antibodymight improve the clinical outcome in severe
and critical COVID-19 patients, the sample size was so small that
these observations required further evaluations in clinical trials
[19,20].

It should not be ignored that the present study had some limi-
tations. First, the study was retrospective and non-randomized. It
was inevitable that selection and unmeasured confounding bias
might exist. Only severe patients were hospitalized in the designed
hospital, which might affect the therapy regimen. The timing and
duration of ribavirin treatment o varied because of a lack of expe-
rience for the treatment of COVID-19. Though we carefully selected
control patients to ensure their clinical characteristics and treat-
ment interventions other than ribavirin, the comorbidities espe-
cially cancer were higher in the ribavirin group. Second, because of
the lack of serial viral load measurement in lower respiratory tract
samples, it was impossible to explore the association between
temporal viral load changes and antiviral therapy. Third, the side
effects of ribavirin in COVID-19 patients were missing. The com-
bined drugs and complicated diseasemade it hard to assess the side
effects of ribavirin in a retrospective study. Hung er al. Showed the
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triple combination of interferon beta-1b, lopinavir-ritonavir, and
ribavirin was safe in patients with mild to moderate COVID-19 [21].
Last but not least, the sample of the study was relatively small,
which might limit the interpretation of our findings.

In conclusion, we found that ribavirin treatment did not
significantly accelerate clinical improvement, reduce mortality, the
time to SARS-CoV-2 nucleic acid negative conversion, or the length
of hospital stay in patients with severe COVID-19. New treatment
strategies may be urgently needed for the treatment of severe
COVID-19.
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