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Abstract Despite aggressive efforts on containment measures for the coronavirus disease
2019 (COVID-19) pandemic around the world, severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is continuously spreading. Therefore, there is an urgent need for an effective
antiviral agent. To date, considerable research has been conducted to develop different ap-
proaches to COVID-19 therapy. In addition to early observational studies, which could be
limited by study design, small sample size, non-randomized design, or different timings of
treatment, an increasing number of randomized controlled trials (RCTs) investigating the clin-
ical efficacy and safety of antiviral agents are being carried out. This study reviews the up-
dated findings of RCTs regarding the clinical efficacy of eight antiviral agents against COVID-
19, including remdesivir, lopinavir/ritonavir, favipiravir, sofosbuvir/daclatasvir, sofosbuvir/le-
dipasvir, baloxavir, umifenovir, darunavir/cobicistat, and their combinations. Treatment with
remdesivir could accelerate clinical improvement; however, it lacked additional survival ben-
efits. Moreover, 5-day regimen of remdesivir might show adequate effectiveness in patients
with mild to moderate COVID-19. Favipiravir was only marginally effective regarding clinical
improvement and virological assessment based on the results of small RCTs. The present evi-
dence suggests that sofosbuvir/daclatasvir may improve survival and clinical outcomes in pa-
tients with COVID-19. However, the sample sizes for analysis were relatively small, and all
studies were exclusively conducted in Iran. Further larger RCTs in other countries are war-
ranted to support these findings. In contrast, the present findings of limited RCTs did not
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indicate the use of lopinavir/ritonavir, sofosbuvir/ledipasvir, baloxavir, umifenovir, and daru-
navir/cobicistat in the treatment of patients hospitalized for COVID-19.
Copyright ª 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Since the end of 2019, when coronavirus disease 2019
(COVID-19) was first identified, more than 123 million
people have been infected by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2).1e3 Moreover, more
than 2.7 million deaths have been caused by the COVID-19
pandemic.3 Despite aggressive efforts on containment
measures for the COVID-19 pandemic around the world,
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is continuously spreading.4e9 Therefore, there is an
urgent need for effective antiviral agents.10 To date, many
studies have been performed to develop different ap-
proaches to COVID-19 therapy. In addition to early obser-
vational studies, which could be limited by study design,
small sample size, non-randomized design, or different
treatment timings, an increasing number of randomized
controlled trials (RCTs) investigating the clinical efficacy of
antiviral agents, including remdesivir, lopinavir/ritonavir,
favipiravir, sofosbuvir/daclatasvir, sofosbuvir/ledipasvir,
baloxavir, umifenovir, darunavir/cobicistat, and their
combinations, are being carried out. Most of these drugs
repurpose per se and do not explore off-target secondary
pharmacology. Among them, remdesivir, favipiravir, sofos-
buvir/daclatasvir, and sofosbuvir/ledipasvir act as nucleo-
side analogs. Lopinavir/ritonavir and darunavir/cobicistat
belonged to protease inhibitors. Baloxavir is new endonu-
clease inhibitor and umifenovir is a hemagglutinin inhibitor.
In this study, we systematically searched the literature for
phase III RCTs on antiviral agents for the treatment of
COVID-19 and aimed to provide an update on the most
effective antiviral agents among those currently available.

Remdesivir

Remdesivir is an RNA polymerase inhibitor that shows ac-
tivity against RNA viruses belonging to Coronaviridae and
Flaviviridae.11 Therefore, it has been proposed as a po-
tential anti-SARS-CoV-2 agent. Six RCTs12e17 have been
conducted to assess its efficacy and safety in the treatment
of patients with COVID-19. First, Wang et al. conducted a
randomized, double-blind, placebo-controlled, multicenter
trial in Hubei, China, in which 237 adults with severe
COVID-19 were enrolled and randomly assigned to remde-
sivir (n Z 158) and control (n Z 79) groups. In this study,
remdesivir use was not associated with a difference in time
to clinical improvement (hazard ratio, 1.23; 95% confidence
interval [CI], 0$87e1$75).17 Second, a multicenter and
multinational RCT included a total of 1062 adult patients
hospitalized due to evident lower respiratory tract infec-
tion. The patients were randomly assigned to remdesivir
(541 patients under treatment for 10 days) and placebo
768
(521 patients) groups for evaluation.12 The remdesivir
group had a shorter median recovery time (10 days vs. 15
days; ratio for recovery rate, 1.29; 95% CI, 1.12e1.49;
p < 0.001, using a log-rank test) than the placebo group;
nevertheless, no significant difference was observed be-
tween the remdesivir and placebo groups with respect to
mortality on day 15 (6.7% vs. 11.9%) and day 29 (11.4% vs.
15.2%) (hazard ratio, 0.73; 95% CI, 0.52e1.03).12 Third,
Goldman et al. compared the clinical efficacy of 5- and 10-
day remdesivir regimens in the treatment of hospitalized
patients with severe COVID-19.13 A total of 397 patients
underwent randomization and received remdesivir treat-
ment (200 patients for 5 days and 197 for 10 days) in this
study. No significant difference was observed between a 5-
day and a 10-day course of remdesivir concerning clinical
improvement of two points or more on the ordinal scale
(64% vs. 54%, p Z 0.14). Fourth, Spinner et al. conducted a
randomized, open-label trial of hospitalized patients with
moderate COVID-19 pneumonia to compare the efficacy of
5 or 10 days of remdesivir treatment with that of standard
care, as determined by clinical status distribution on day 11
after initiation of treatment.16 In this study, a total of 596
patients were randomized in a 1:1:1 ratio to receive a 10-
day course of remdesivir (n Z 197), a 5-day course of
remdesivir (n Z 199), and standard care (n Z 200),
respectively. On day 11, the 5-day remdesivir group had
statistically significantly higher odds of a better clinical
status distribution than the group receiving standard care
(odds ratio, 1.65; 95% CI, 1.09e2.48), but the clinical status
distribution on day 11 between the 10-day remdesivir and
standard care groups was not significantly different
(p Z 0.18). Moreover, all-cause mortality on day 28 was 1%
for the 5-day remdesivir group (log-rank test, p Z 0.43 vs.
standard care), 2% for the 10-day remdesivir group
(p Z 0.72 vs. standard care), and 2% for the standard care
group.16 Fifth, according to the interim report of the World
Health Organization Solidarity trial, in which 11,330 adults
underwent randomization and 2750 were assigned to
receive remdesivir, no significant difference was observed
between remdesivir and control groups regarding risk of in-
hospital mortality (mortality rate ratio, 0.95; 95% CI,
0.81e1.11).15 Finally, Kalil et al. further investigated the
effect of remdesivir plus baricitinib on hospitalized adults
with COVID-19 in a randomized, double-blind, placebo-
controlled trial including a total of 1033 patients; 515 pa-
tients were assigned to combination treatment and 518 to
control.14 The combination group had a shorter recovery
time (rate ratio, 1.16; 95% CI, 1.11e1.32) and higher odds
of clinical improvement (odds ratio, 1.3; 95% CI, 1.0e1.6)
than the control group. In contrast, no significant differ-
ence was observed between the combination and control
groups with respect to 28-day mortality (5.1% vs. 7.8%,
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hazard ratio, 0.65; 95% CI, 0.39e1.09).14 In summary,
treatment with remdesivir accelerated clinical improve-
ment but lacked additional survival benefit. However,
further subgroup analysis is warranted to identify the spe-
cific group that has benefited from remdesivir treatment.

Lopinavir/ritonavir

Lopinavir acts as an inhibitor of human immunodeficiency
virus type 1 aspartate protease and exhibits in vitro inhibi-
tory activity against SARS-CoV.18,19 Moreover, ritonavir can
extend the plasma half-life of lopinavir by inhibiting cyto-
chrome P450. Several RCTs have been conducted to inves-
tigate the efficacy and safety of oral lopinavir/ritonavir
against SARS-CoV-2 infection.15,20e22 The first single-center
RCT was conducted in Hubei, China, which included a total
of 199 adult patients with severe COVID-19 randomly
assigned in a 1:1 ratio to receive either lopinavir/ritonavir
(400 mg/100 mg, orally) twice daily for 14 days along with
standard care or standard care alone.20 No difference was
observed between the treatment group and standard care
group with respect to the time to clinical improvement
(hazard ratio, 1.31; 95% CI, 0.95e1.80) and mortality on day
28 (19.2% vs. 25.0%; 95% CI, �17.3e5.7).20 Another single-
center study in China enrolled patients with mild/moder-
ate COVID who were randomly assigned to receive lopinavir/
ritonavir (n Z 34) and a control group that was not admin-
istered any antiviral medication (n Z 17); no significant
difference was observed between the intervention and
control groups in terms of virological eradication rate on day
7 (35.3% vs. 41.2%) and day 14 (85.3% vs. 76.5%).21 A multi-
center trial was conducted in UK, in which 1616 patients
were randomly allocated to receive lopinavir/ritonavir and
3424 patients to receive standard care, and showed similar
findings in both the groups; lopinavir/ritonavir group was not
associated with significant reduction in 28-day mortality
(23% vs. 22%, pZ 0.60), duration of hospital stay (median 11
days [interquartile range (IQR) 5 to >28] in both groups), or
risk of progress to invasive mechanical ventilation or death
(risk ratio 1$09, 95% CI 0$99e1$20) compared with the
standard care group.22To summarize all these findings and
the interim report of the World Health Organization Soli-
darity trial,15 the use of lopinavir/ritonavir for the treat-
ment of hospitalized patients COVID-19 is not supported.

Favipiravir

Favipiravir is an RNA-dependent RNA polymerase inhibitor
that behaves as a purine analog that inhibits viral DNA
replication.23 It is a prodrug that can be ribosylated and
phosphorylated to convert it into its active metabolite,
favipiravir ibofuranosyl-50-triphosphate. The report of the
interim results of a phase II/III multicenter RCT conducted
in Russia revealed that the viral clearance rate on day 5 in
patients treated with favipiravir was significantly higher
than that under standard care (62.5% [25/40] vs. 30.0% [6/
20], p Z 0.018), however, the difference was not statisti-
cally significant on day 10 (92.5% [37/40] vs. 80.0% [16/20],
p Z 0.155).24 In addition, favipiravir was associated with a
shorter time to defervescence than the control (2 days [IQR
1e3] vs. 4 days [IQR 1e8], p Z 0.007).24
769
Udwadia et al. conducted a phase 3, open-label, multi-
center trial, which included 150 patients with confirmed
mild/moderate COVID-19, who were randomized to favi-
piravir (n Z 75) and control (n Z 75) groups.25 They
observed shorter median time to the cessation of viral
shedding in the favipiravir group than that in the control
group (5 days vs. 7 days, pZ 0.129), but the difference was
not statistically significant. However, they found that the
median time to the cessation of clinical cure was signifi-
cantly shorter for the favipiravir group than for the control
group (3 days vs. 5 days, p Z 0.030).25

Khamis et al. compared the effectiveness of favipiravir
combined with inhaled interferon beta-1b and hydroxy-
chloroquine in an open-label RCT, which included 89 adult
patients hospitalized with moderate to severe COVID-19
pneumonia.26 However, there were no significant differ-
ences in the levels of inflammatory biomarkers at hospital
discharge between the study and control groups indicated
by p > 0.05 for C-reactive protein, ferritin, lactate dehy-
drogenase, and interleukin-6; moreover, there were no
significant differences between the two groups with regard
to the overall length of hospital stay (7 days vs. 7 days;
p Z 0.948), transfer to the intensive care unit (ICU) (18.2%
vs. 17.8%; p Z 0.960), discharge rate (65.9% vs. 68.9%;
p Z 0.764), and overall mortality (11.4% vs. 13.3%;
p Z 0.778).26

An exploratory RCT conducted in China included 30
hospitalized patients with COVID-19 who were randomly
assigned in a 1:1:1 ratio to baloxavir marboxil, favipiravir,
and control groups, respectively.27 This study showed no
significant difference in the percentage of patients who
turned virus-negative after a 14-day treatment (77% vs.
100%) and the time to clinical improvement (14 days vs. 15
days) between the favipiravir and control groups.27

Dabbous et al. compared the efficacy of favipiravir with
that of chloroquine against COVID-19 in a multicenter RCT
including 96 patients and found that none of the patients in
the favipiravir group needed mechanical ventilation in
contrast to the chloroquine group (n Z 3). Moreover, the
favipiravir group had a shorter mean duration of hospitali-
zation than the chloroquine group (13.3 � 5.9 days vs.
15.9 � 4.8 days, p Z 0.06). In addition, two patients
(mortality rate, 4.2%) in the chloroquine group and one
(2.3%) in the favipiravir group was deceased (p Z 1.00).28

The effect of early vs. late treatment initiation of favi-
piravir was assessed in a prospective, randomized, open-
label trial for adolescent and adult patients hospitalized for
asymptomatic/mild COVID-19.29 There was no significant
difference in viral clearance after 6 days of treatment be-
tween the two groups (66.7% vs. 56.1%; adjusted hazard
ratio [aHR], 1.42; 95% CI, 0.76e2.62). In contrast, early
treatment was associated with shorter time to deferves-
cence than late treatment (2.1 days vs. 3.2 days; aHR, 1.88;
95% CI, 0.81e4.35).29
Sofosbuvir/daclatasvir and sofosbuvir/
ledipasvir

Sofosbuvir has a broad antiviral spectrum against many
species of the Flaviviridae and Togaviridae families,
including the yellow fever,30 Zika,31 dengue,32 and
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chikungunya viruses,33 and its combination with daclatasvir
has been used against hepatitis C in Iran.34 Four RCTs35e38

were conducted in Iran to evaluate the clinical efficacy
and safety of sofosbuvir/daclatasvir (400/60 mg) for the
treatment of patients with COVID-19. First, a single-center
trial was conducted to assess the efficacy of sofosbuvir/
daclatasvir plus ribavirin for treating hospitalized patients
with moderate COVID-19.35 Although the sofosbuvir/dacla-
tasvir plus ribavirin group had a significantly shorter re-
covery time (6 [5e7] days vs. 6 [5e8] days, p Z 0.033) than
control group, no significant difference was observed be-
tween the sofosbuvir/daclatasvir plus ribavirin group
(n Z 24) and the standard care group (n Z 24) regarding
duration of hospital stay (6 days vs. 6 days, p Z 0.398),
mortality rate (0% vs. 3%, pZ 0.234), and ICU admission (0%
vs. 17%, p Z 0.109). Moreover, there were two major lim-
itations of this study, including a very small sample size and
an imbalance in the baseline characteristics between the
arms.35 Second, Sadeghi et al. conducted an open-label,
multicenter trial to evaluate the effect of sofosbuvir/
daclatasvir on the clinical outcomes in patients with mod-
erate or severe COVID-19.37 In this trial, 66 patients were
randomly allocated to either treatment arm (n Z 33) or
control arm (n Z 33); sofosbuvir/daclatasvir treatment
significantly shortened the duration of hospital stay
compared with standard care alone (6 days vs. 8 days,
p Z 0.029). Additionally, the probability of hospital
discharge was significantly higher for the treatment arm
than for the control arm (Gray’s test p Z 0.041). However,
no significant difference was observed in terms of clinical
recovery rate after 14 days (88% vs. 67%, p Z 0.076) and
mortality rate (9% [n Z 3] vs. 15% [n Z 5], p Z 0.708).37

Third, another RCT compared the effectiveness of sofos-
buvir/daclatasvir and ribavirin in treating patients with
severe COVID-19, and observed that the sofosbuvir/dacla-
tasvir group (nZ 35) was associated with a shorter duration
of hospital stay (5 days vs. 9 days, p < 0.01), a lower risk of
ICU admission (17% vs. 48%, p Z 0.01), and mortality (5.7%
vs. 33%, p Z 0.01) than the ribavirin group (n Z 27).36

Fourth, the effect of sofosbuvir/daclatasvir on COVID-19
outpatients was evaluated in a double-blind RCT including
55 patients, and no significant difference was observed in
symptoms, including fever, cough, sore throat, headache,
myalgia, xerostomia, and olfactory loss on day 7 between
the treatment (n Z 27) and control (n Z 28) groups.38

Moreover, fewer hospitalizations (however, not statisti-
cally significant) were observed in the sofosbuvir/dacla-
tasvir group than in the control group (1 vs. 4). A meta-
analysis included these four RCTs35e38 and observed that
sofosbuvir/daclatasvir-based treatment was associated
with higher clinical recovery (rate ratio [RR], 1.20; 95% CI,
1.04e1.38), lower mortality rate (RR, 0.31; 95% CI,
0.12e0.78), and fewer ICU admissions (RR, 0.33; 95% CI,
0.15e0.72) than standard care or other alternative treat-
ment in the management of patients with COVID-19.39

These findings suggest the potential of sofosbuvir/
daclatasvir-based treatment for patients with COVID-19.
However, all these studies35e38 were conducted in Iran;
the results might not be generalizable, and therefore, a
large multinational study is warranted to uphold this
conclusion.
770
Another RCT was conducted in Iran for assessing the
efficacy and safety of another combination, sofosbuvir/
ledipasvir, against mild to moderate COVID-19.40 In this
open-label clinical trial, 82 patients were randomly
assigned to receive either sofosbuvir/ledipasvir (400/
100 mg daily) along with standard care (n Z 42) or standard
care alone (n Z 40) for 10 days. Although the clinical
response rates, duration of hospital and ICU stay, and 14-
day mortality were comparable between the groups, the
clinical recovery time was significantly shorter in the
sofosbuvir/ledipasvir group than in the control group (2
days vs. 4 days, p Z 0.02).40 Nonetheless, the sample size
was small, and therefore, RCTs with large sample sizes are
necessary to further investigate the efficacy of sofosbuvir/
ledipasvir.

Umifenovir

Umifenovir is a hemagglutinin inhibitor that can effectively
block the fusion of influenza virus with its host cell and is
effective against all strains of influenza viruses (A, B, and
C), especially influenza A viruses (H1N1, H2N2, and H3N3),
and has few side effects.41 Recently, two RCTs21,42 were
conducted to assess its efficacy for the treatment of COVID-
19. In the ELACOI trial,21 patients with mild/moderate
COVID were randomly assigned to receive umifenovir
(n Z 35) and no antiviral medication (control group,
n Z 17); no significant difference was observed between
the intervention and control groups regarding virological
eradication rate on day 7 (37.1% vs. 41.2%) and day 14
(91.4% vs. 76.5%), the duration from positive-to-negative
conversion of SARS-CoV-2 nucleic acid (9.1 days vs. 9.3
days), and the rate of clinical deterioration from moderate
to severe/critical status (8.6% vs. 11.8%) (all p > 0.05). In
addition, no significant difference was observed in other
secondary outcomes, including the rate of antipyresis,
cough resolution, and improvement of chest computed to-
mography score on day 7 and day 14 (all p > 0.05). Another
study recruited 100 hospitalized patients with COVID-19
who were randomly assigned to two groups of hydroxy-
chloroquine followed by lopinavir/ritonavir and hydroxy-
chloroquine followed by umifenovir.42 They found that the
umifenovir group was associated with a shorter duration of
hospital stay (7.2 days vs. 9.6 days, p Z 0.02) and higher
peripheral oxygen saturation level on day 7 (94% vs. 92%,
p Z 0.02) than the lopinavir/ritonavir group. In contrast,
no significant difference was observed with respect to the
time to defervescence (2.7 days vs. 3.1 days, p Z 0.2) and
the risk of intubation (6% vs. 4%, p Z 0.6) and mortality (2%
vs. 4%, p Z 0.5).42 However, both these studies have small
sample sizes to draw any conclusion, and further study on
the effectiveness of umifenovir against COVID-19 using a
larger sample size and multicenter design is warranted.

Baloxavir

Baloxavir marboxil is a prodrug that is metabolized to its
active form, baloxavir acid, and the first cap-dependent
endonuclease enzyme inhibitor that can block influenza
virus replication.43 Most clinical studies have focused on its



Table 1 The characteristics of randomized controlled studies.

Author, year of
report

Study site Study duration Size of study group
(intervention)

Size of control
group
(comparator)

Primary outcome Main findings

Remdesivir

Beigel et al.,
202012

Multicenter in 10
countries

Between February
21 and April 19,
2020

541 521 (Placebo) Time to recovery 10 (9e11) vs. 15 (13e18) day;
recovery rate ratio, 1.29; 95%
CI, 1.12e1.49

Goldman et al.,
202013

55 hospitals in
eight countries

Between March 6
and March 26,
2020

200 (5-days) 197 (10-days) A clinical improvement
of two points or more on
the ordinal scale on day
14

64% vs. 54% (p Z 0.14)

Kalil et al., 202114 67 sites in eight
countries:

Between May 8
and July 1, 2020

515 (plus
baricitinib)

518 (placebo) Time to recovery 7 days vs. 8 days; recovery rate
ratio, 1.16; 95% CI, 1.01e1.32

Pan et al., 202115 405 hospitals in 30
countries

From March 22 to
October 4, 2020

2750 2725 (no trial
drug)

In-hospital mortality Rate ratio, 0.95; 95% CI, 0.81
e1.11

Spinner et al.,
202016

105 hospitals in
the US, Europe,
and Asia

Between March 15
and April 18, 2020

197 (10-days), 199
(5-days)

200 (standard
care)

Clinical status on day 11
on a 7-point ordinal scale

65% (10-days) vs. 70% (5-days)
vs. 61% (standard care);
5-days vs. control; 9.7 (0.1
e19.1); 10-days vs. control, 4.8
(�2.0e14.4)

Wang et al.,
202017

10 hospitals in
Hubei, China

Between Feb 6 and
March 12, 2020

158 78 (Placebo) Time to clinical
improvement within 28
days

21 (13e28) vs. 23 (15e28) day;
hazard ratio, 1.23; 95% CI, 0.87
e1.75

Lopinavir/ritonavir

Pan et al., 202115 405 hospitals in 30
countries

From March 22 to
October 4, 2020

1411 1380 (no trial
drug)

In-hospital mortality Rate ratio, 1.00; 95% CI, 0.79
e1.25

Cao et al., 202020 Single-center in
Hubei Province,
China

From January 18
to February 3,
2020

99 100 (standard
care)

Time to clinical
improvement

Hazard ratio, 1.31; 95% CI, 0.95
e1.80

Li et al., 202021 Single center in
China

From February 1 to
March 28, 2020

34 17 (no antiviral
medication)

Rate of positive-to-
negative conversion of
SARS-CoV-2 nucleic acid

Virological eradication rate on
day 7 (35.3% vs. 41.2%) and 14
(85.3% vs. 76.5%); both
p > 0.05

RECOVERY
Collaborative
Group, 202022

176 hospitals in
the UK

Between March 19
and June 29, 2020

1616 3424 (usual care) 28-day all-cause
mortality

23% vs. 22%, rate ratio 1$03,
95% CI, 0$91e1$17

Favipiravir

Ivashchenko et al.,
202024

6 sites in Russia Between April and
May 2020

40 20 (standard care) Elimination of SARS-CoV-
2 on day 10

92.5% vs. 80.0%, p Z 0.155

Udwadia, 202125 7 sites in India From May 14 to
July 3, 2020

75 75 (standard care) Time to the cessation of
viral shedding

5 days vs. 7 days, p Z 0.129

(continued on next page)
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Table 1 (continued )

Author, year of
report

Study site Study duration Size of study group
(intervention)

Size of control
group
(comparator)

Primary ou ome Main findings

Khamis et al.,
202026

Single center in
Oman

From June 22 to
August 13, 2020

44 (plus inhaled
interferon beta-
1b)

45 (HCQ) Improveme t in levels of
inflammato markers

No significant difference for
CRP, ferritin, LDH, and IL-6 (all
p > 0.05)

Lou et al., 202127 Single center in
China

Since February 3,
2020

9 10 Percentage f subjects
with viral gative test
on day 14 d the time
from rando ization to
clinical im ovement

77% vs. 100%, p > 0.05
14 (6e38) days vs. 15 (6e24)
days, p > 0.05

Dabbous et al.,
202128

Multicenter in
Egypt

From April to
August 2020

44 48 (CQ) Duration o
hospitaliza n

13.3 � 5.9 days vs. 15.9 � 4.8
days, p Z 0.06

Doi et al., 202029 25 hospitals in
Japan

From March 2 to
May 18, 2020

44 (early
treatment)

45 (late
treatment)

Viral clear ce on day 6 66.7% vs. 56.1%, hazard ratio,
1.42; 95% CI, 0.76e2.62

Sofosbuvir/daclatasvir

Abbaspour Kasgari
et al., 202035

Single center in
Iran

Between March 20
and April 8, 2020

24 (plus ribavirin) 24 Duration o ospital stay 6 [5e7] days vs. 6 [5e8] days,
p Z 0.033

Eslami et al.,
202036

Single center in
Iran

Between March 18
and April 16, 2020

35 27 (ribavirin) Duration o ospital stays 5 days vs. 9 days, p < 0.01

Sadeghi et al.,
202037

Multicenter in Iran Between March 26
and April 26, 2020

33 33 Clinical rec very within
14 days

88% vs. 67%, p Z 0.076

Roozbeh et al.,
202138

Single center in
Iran

Between April 8
and May 19, 2020

27 (plus HCQ) 28 (HCQ) Symptom a eviation
after 7 day of follow-up

No significant difference in
symptom response for fever,
cough, sore throat, headache,
myalgia, xerostomia, and
olfactory loss (all p > 0.05)

Sofosbuvir/ledipasvir

Khalili et al.,
202040

Single center in
Iran

NA 42 40 (standard care) Clinical res onse 90.48% vs. 92.5%, p Z 0.65

Umifenovir

Li et al., 202021 Single center in
China

From February 1 to
March 28, 2020

35 17 (no antiviral
medication)

Rate of po ive-to-
negative c version of
SARS-CoV-2 ucleic acid

Virological eradication rate on
day 7 (37.1% vs. 41.2%) and 14
(91.4% vs. 76.5%) both p > 0.05

Nojomi et al.,
202042

Single center in
Iran

Between April 20
and June 18, 2020

50 50 (HCQ) Hospitaliza on duration
and clinica
improveme t after
7 days of a ission

7.2 days vs. 9.6 days, p Z 0.02
94% vs. 92%, p Z 0.02
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efficacy in influenza,44e47 and only one RCT was con-
ducted to assess its effect on SARS-CoV-2 infection.27 The
study demonstrated that baloxavir was not associated
with higher rates of virological eradication and clinical
improvement than standard care (virological eradication
after 14-day treatment: 70% vs. 100%; the time to clinical
improvement: 14 days vs. 15 days).27 A similar trend was
found in the secondary outcomes, including rates of inci-
dence of mechanical ventilation (10% vs. 0%) and ICU
admission (10% vs. 0%). The lack of efficacy of baloxavir in
this study might be attributable to delay in randomization
and treatment with baloxavir after onset of symptoms
(12.7 � 3.5 days). In addition, the study number was
limited (baloxavir group, n Z 10; control group, n Z 10);
therefore, larger studies are warranted in future.

Darunavir/cobicistat

Darunavir is a human immunodeficiency virus-1 protease
inhibitor that has a mechanism of action similar to that of
lopinavir. A single-center RCT was conducted in China to
investigate the efficacy and safety of darunavir/cobicistat
in treating pneumonia caused by SARS-CoV-2.48 A total of
30 participants were enrolled in this study, and all
received interferon alpha-2b and standard care. Each
study group, the treatment group (1 pill of darunavir/
cobicistat (800 mg/150 mg) per day for 5 days), and the
control group (no oral antiviral drug), included 15 partic-
ipants. No significant difference was observed between
the study and control groups regarding the proportion of
positive-to-negative conversion of SARS-CoV-2 on day 7
(intention-to-treat population, 46.7% vs. 60.0%, p Z 0.72;
per-protocol population, 50.0% vs. 60.0%, p Z 0.72) and
viral clearance rate (hazard ratio, 0.82; 95% CI,
0.36e1.88). One patient in the study group progressed to
acute respiratory distress syndrome requiring mechanical
ventilation, but all patients in the control group remained
stable on day 14 (p Z 1.0).48 Therefore, the study findings
and study design (small size and open-label) did not sup-
port the use of darunavir/cobicistat for the treatment of
patients with COVID-19.

Conclusion

This review discussed the results of several RCTs regarding
the clinical efficacy of eight antiviral agents against
COVID-19, including remdesivir, lopinavir/ritonavir, favi-
piravir, sofosbuvir/daclatasvir, sofosbuvir/ledipasvir,
baloxavir, umifenovir, darunavir/cobicistat, and their
combinations (Table 1). Treatment with remdesivir could
accelerate clinical improvement, however, lacked addi-
tional survival benefits. Moreover, 5-day regimen of
remdesivir might show adequate effectiveness for the
treatment of patients with mild to moderate COVID-19.
Favipiravir was only marginally effective regarding clin-
ical improvement and virological assessment based on the
results of small-size RCTs. The present evidence suggests
that sofosbuvir/daclatasvir may improve survival and
clinical recovery in patients with COVID-19. However, the
sample sizes for analysis were relatively small, and all
studies were exclusively conducted in Iran. Further larger
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RCTs in other countries are warranted to support these
findings. In contrast, the present findings of limited RCTs, it
did not suggest the use of lopinavir/ritonavir, sofosbuvir/
ledipasvir, baloxavir, umifenovir, and darunavir/cobicistat
in the treatment of patients hospitalized for COVID-19. In
addition to the above anti-viral agents, molnupiravir - the
prodrug of the active antiviral ribonucleoside analog ß-d-
N4-hydroxycytidine can efficiently inhibit SARS-CoV-2
replication in human lung tissue49 and is currently in
phase II/III clinical trials after successfully passing phase I
trial.50 Although many anti-viral agents showed promising
in vitro activity against SARS-CoV-2, most of them exhibited
limited clinical efficacy. At this moment, we should keep
work hard to develop the effective antiviral agents during
this pandemic.
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