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ABSTRACT
Background: To better inform clinical practice, we summarized the findings from randomized con
trolled trials (RCTs) of antivirals for COVID-19.
Methods: We systematically searched for literature up to September 2020, and included English- 
language publications of RCTs among hospitalized COVID-19 patients. We conducted network meta- 
analysis combining results of both the direct and indirect comparisons of interventions. The efficacy 
outcomes were clinical progression, all-cause mortality, and viral clearance, and safety outcomes were 
diarrhea, nausea, and vomiting. We generated treatment rankings (best to worst) and summarized rank 
probabilities using rankogram.
Results: We included 15 RCTs (14,418 patients) from 7,237 retrieved citations. There was no evidence 
for efficacy of the assessed antivirals compared with placebo/no treatment or with another antiviral for 
all efficacy outcomes. Lopinavir (400 mg)/ritonavir (100 mg) significantly increased diarrhea, nausea, 
and vomiting compared with placebo/no treatment and other antivirals, and was ranked worst for these 
outcomes, while triazavirin (250 mg), baloxavir marboxil (80 mg), and remdesivir (100 mg – 10 days) 
ranked best, respectively.
Conclusions and relevance: The available evidence does not support the use of any antiviral drugs for 
COVID-19. Cautious interpretations of the findings are, however, advised considering the paucity of the 
evidence. More RCTs are needed for a stronger evidence base.
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1. Introduction

A huge disease burden is attributable to the coronavirus dis
ease 2019 (COVID-19), a respiratory disease caused by the 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV 
-2). With an estimated reproductive number (transmissibility) 
of 3.28 [1] and mean serial interval (average transmission time 
from a primary to a secondary symptomatic infected person) 
of 3.1 days to 4.9 days [2], SARS-CoV-2 infection quickly spread 
all over the world leading to a devastating global pandemic, 
with numerous cases of multi-systemic complications [3–5], 
and high mortality rates [6,7].

Due to the urgent need for effective treatment options, it 
has been widely suggested that already approved antiviral 
drugs for some other diseases may be effective against 
COVID-19 [8,9]. During the early stage of the COVID-19 pan
demic, the World Health Organization (WHO) established a list 
of preexisting drugs that may aid treatment of the disease, 
including two antiviral drugs, remdesivir and lopinavir [10]. 
Remdesivir is a prodrug with a broad antiviral activity spec
trum against ribonucleic acid (RNA) viruses, and acts by inhi
biting RNA polymerase limiting viral replication [11,12]. 
Lopinavir is an antiretroviral drug of the protease inhibitor 

class, often used as a fixed-dose combination with another 
protease inhibitor, ritonavir, against the human immunodefi
ciency viruses (HIV) infections [13]. In vivo studies have sug
gested that remdesivir has therapeutic effects in animal 
models of SARS-CoV-2 [11], and reduced pulmonary damage 
in early use on COVID-19 monkeys [14]. Remdesivir has also 
been credited to reduce time to recovery of hospitalized 
COVID-19 patients who required supplemental oxygen [15], 
and may have positive effect on mortality [11]. Further, lopi
navir inhibited the Middle East respiratory syndrome corona
virus (MERS-CoV) replication in cell cultures [16].

Following the WHO recommendation of evaluating poten
tial COVID-19 drugs through large multinational randomized 
controlled trials (RCTs) [17], a multicenter global RCT [15], 
showed shortened time to recovery in hospitalized patients 
with remdesivir; leading it to become the first approved drug 
by the United States (USA) Food and Drug Administration 
(FDA) for the treatment of severe hospitalized COVID-19 
patients [18]. However, an interim report from another multi
national RCT [19] in hospitalized COVID-19 patients found that 
there was no difference in mortality between remdesivir and 
usual clinical care. Studies aimed at identifying potential inhi
bitors against SARS-CoV-2 main proteinase (Mpro) explored 
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various FDA-approved drugs such as darunavir, indinavir, 
saquinavir, tipranavir, raltegravir, velpatasvir, and ledipasvir 
identified as potential candidates for the treatment of 
COVID-19 in some previous docking studies involving mono
meric SARS-CoV2 Mpro [20]. Saquinavir was identified as 
a potent inhibitor of dimeric SARS-CoV2 Mpro and may have 
clinical utility against COVID-19 [20,21]. Studies on other anti
viral drugs have revealed largely conflicting findings.

Identifying an efficacious and safe antiviral drug for COVID- 
19 would be of immense help in mitigating the ravaging 
impact of the disease. Therefore, we systematically identified, 
critically appraised and summarized the findings from RCTs of 
antiviral drugs for the treatment of COVID-19, focusing on 
clinically relevant outcomes.

2. Methods

We registered a protocol for this systematic review in the 
International Prospective Register of Systematic Reviews 
(PROSPERO: CRD42020216817). Details of our methods have 
been reported in a previous systematic review with meta- 
analysis and trial sequential analysis of randomized controlled 
trials of remdesivir for COVID-19 [22]. We conducted this 
review in accordance with the Methodological Expectations 
of Cochrane Intervention Reviews (MECIR) guidelines [23]. We 
reported our findings following the Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA) guidelines 
for reporting of systematic reviews incorporating network 
meta-analyses of health-care interventions [24].

2.1. Search strategy

A knowledge synthesis librarian designed the literature 
search strategy for Embase (Ovid) and this search strategy 
was peer reviewed by another independent knowledge 
synthesis librarian using the Peer Review of Electronic 
Search Strategies (PRESS) checklist [25]. We designed the 
search strategy to capture all antiviral drugs and applied 
a randomized controlled trial filter. The revised search strat
egy for Embase (Appendix Table 1) was adapted by the 
knowledge synthesis librarian for Web of Science Core 

Collection (Thomson Reuters), LitCovid [26], the Cochrane 
COVID-19 study register [27], and the World Health 
Organization’s Global research on coronavirus disease (WHO 
COVID-19) online database [28]. In addition, we searched the 
following websites for links to additional peer reviewed and 
published literature: ClinicalTrials.gov, the Centers for Disease 
Control and Prevention (CDC), the Canadian Agency for Drugs 
and Technologies in Health (CADTH), and the European 
Center for Disease Prevention and Control (ECDC). We con
ducted the literature search on 10 September 2020 
(September 11 for the CDC, CADTH, and ECDC) and all 
retrieved literature citations were imported into, and de- 
duplicated, in the EndNote citation management software, 
version X9.

2.2. Selection criteria

The de-duplicated citations were imported into a specially 
designed Microsoft Access 2016 database (Microsoft 
Corporation, Redmond, WA, USA) and screened by two inde
pendent reviewers, using a two-stage sifting approach to 
review the title/abstract and full-text articles of relevant pub
lications in English language. We documented the number of 
ineligible citations at the title/abstract screening stage, and 
both the number and reasons for exclusion at the full-text 
article screening stage. The reviewers resolved any disagree
ments through discussion or involvement of a third reviewer. 
We included only RCTs of antiviral drugs compared with 
placebo, no additional treatment/usual care, a different anti
viral drug, or a different antiviral drug regimen, for treatment 
of laboratory-confirmed (RT-PCR or antigen test) COVID-19 
irrespective of the disease severity. We excluded preprint 
articles superseded by peer reviewed journal publications. 
The efficacy outcomes were clinical progression measured 
using the WHO scale [29], all-cause mortality, and viral clear
ance (determined from testing upper respiratory tract speci
mens including nasopharyngeal and deep nasal swabs, or 
throat swabs). We dichotomized the individual scores for 
clinical progression into ≤5 (hospitalized: moderate disease 
or ambulatory: mild disease) between intervention and com
parator groups. If measured by a scale other than the WHO 
scale, we re-classified the measurement according to the WHO 
criteria. The safety outcomes were diarrhea, nausea, and 
vomiting.

2.3. Data extraction

Two reviewers independently performed data extraction using 
Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA, 
USA). Disagreements were resolved through discussion or by 
a third reviewer. We extracted data such as study information, 
study population characteristics, information regarding inter
ventions and comparators, outcomes assessed, and study 
results based on an intention-to-treat (ITT) analysis. We also 
extracted details relevant to the risk of bias assessment. For 
outcome data presented at multiple time points, we took the 
longest period of follow-up.

Article highlights

● We systematically identified, critically appraised, and summarized the 
findings from randomized controlled trials (RCTs) of antiviral drugs 
for the treatment of COVID-19.

● This review included 15 RCTs involving 14,418 hospitalized COVID-19 
patients.

● Most of the RCTs (80%) were of an unclear to high risk of bias.
● There was no evidence for efficacy of any of the assessed antiviral 

drugs for improving clinical progression, reducing all-cause mortality 
and viral clearance among the patients.

● Lopinavir (400 mg) with ritonavir (100 mg) significantly increased 
diarrhea, nausea, and vomiting compared with placebo/no treatment 
and other antiviral drugs.

● Triazavirin (250 mg), baloxavir marboxil (80 mg), and remdesivir 
(100 mg – 10 days) ranked best with regard to diarrhea, nausea, 
and vomiting, respectively.
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2.4. Risk of bias assessment

Two reviewers independently assessed the risk of bias in the 
included studies using the Cochrane risk of bias assessment 
tool for RCT v2.0.2 [30]. The reviewers resolved disagreements 
through discussion or by a third reviewer.

2.5. Data synthesis and analysis

We tabulated characteristics of the included studies and the 
risk of bias assessments. We generated network plots of com
pared interventions to depict graphically, the available evi
dence, and the volume of the evidence behind each 
comparison [31]. We conducted a network meta-analysis [32] 
using a Bayesian framework and Markov Chain Monte Carlo 
(MCMC) simulation methods developed in BUGSnet R package 
[33,34], combining results of all the comparisons in one ana
lysis, exploiting both the direct comparisons within RCTs and 
the indirect comparisons across RCTs for each outcome [35]. 
We fitted both random-effects and fixed-effect network meta- 
analysis models [36], and chose the preferred model (random 
effects) by comparing the deviance information criteria (DIC) 

[37]. For all analyses, we assessed model convergence using 
the Brooks Gelman–Rubin diagnostic tool [38], history plots, 
autocorrelation, and the form of the posterior density for the 
between-study heterogeneity. We used vague prior distribu
tions for all parameters, a burn-in period of 50,000 iterations, 
a sampling period of 100,000 iterations, and 3 chains with 
varied initial values in all analyses, and we assessed the 
model goodness of fit by measuring the posterior mean of 
the residual deviance [39]. We utilized a binomial distribution 
and logit link function for all outcomes to model the data from 
the two by two tables directly, and reported risk ratios with 
the associated 95% credible intervals (CrIs). We evaluated the 
consistency between the direct and indirect evidence by cal
culating a Bayesian 2-sided p value for the difference between 
the direct and indirect estimates using the Bucher method 
[40]. We considered p < 0.5 to be statistically significant incon
sistency. We assessed statistical heterogeneity between the 
pooled estimates using the I2 statistic [41]. We summarized 
results by point estimates presented as medians with 95% CrI, 
and using league table of the relative effect of each treatment 
compared to each other treatment. We generated treatment 
rankings (best to worst) and their corresponding probability 

Figure 1. Modified PRISMA flow chart.
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estimates and summarized rank probabilities using rankogram 
[42]. Publication bias was not assessed because of small sam
ple sizes (<10 study results contributed to a pooled analy
sis) [43].

3. Results

We included 15 published RCTs (involving 14,418 patients) 
from 7,237 retrieved citations (Figure 1) [15,19,44–56]. The 
main characteristics of these RCTs are summarized in Table 1 
and Appendix Table 2. Two of the publications [19,49] were 
interim study reports, while the rest were final study reports. 
Of the 15 RCTs, eight (3 from China, 1 from Iran, and 4 multi- 
countries) [15,19,46,48,52–55] were multicenter trials, whereas 
seven (6 from China and 1 from Iran) [44,45,47,49–51,56] were 
single-center RCTs. Ten RCTs were of open-label design 
[19,44–48,50,51,53,56], three RCTs of double-blinded design 
[15,54,55], and two RCTs were partially blinded [49,52]. Two 
RCTs (both open-label) were funded by Gilead Sciences, maker 
of remdesivir [46,53]. The other RCTs were non-industry 
funded, with one RCT receiving no funding [51].

Across the RCTs, the criteria for patients’ inclusion, patients’ 
COVID-19 severity, definition of severity, and mean/median 
duration (in days) of patients’ symptom onset before inclusion 
in the RCTs differed considerably. The overall sample size 
across the RCTs ranged from 30 to 11,266 patients, with vary
ing proportions of male patients, ranging from 46% to 72.4%. 

The point mean/median age of patients differed across the 
RCTs, ranging from 42.5 to 65 years. Antiviral drugs assessed 
by the RCTs included baloxavir marboxil (80 mg), darunavir 
(800 mg) with cobicistat (150 mg), favipiravir (600 mg), inter
feron-β-1b (250mcg), interferon-β-1a (44 µg-per-0.5 mL), lopi
navir (400 mg) with ritonavir (100 mg), novaferon (20ug), 
remdesivir (100 mg – 10 days), remdesivir (100 mg – 5 days), 
ribavirin (400–600 mg), ribavirin (400 mg) with interferon-β-1b 
(8million-IU), sofosbuvir (400 mg) with daclatasvir (60 mg), 
triazavirin (250 mg), and umifenovir (200 mg). Nine RCTs 
reported on clinical progression; one using an 8-category 
ordinal scale [15], four using a 7-category ordinal scale 
[44,46,50,53], two using a 6-category ordinal scale [51,54], 
and two did not clearly report the scale that was used 
[45,52]. Twelve RCTs reported on all-cause mortality 
[15,19,44,45,47,48,50–55], six reported viral clearance 
[45,47,49,50,55,56], eleven reported on diarrhea [44,45,47– 
51,53–56], nine reported on nausea [44,46,48–51,53,54,56], 
and four reported on vomiting [44,47,54,56]. The follow-up 
time varied across RCTs and by outcome, ranging from 5 to 
30 days. However, the dosing duration for each unique anti
viral drug was similar.

3.1. Risk of bias assessment

For the efficacy outcomes, overall, three RCTs were judged to 
be at a low risk of bias [49,50,54], eight RCTs were judged to 

Figure 2. Risk of bias assessment for the efficacy outcomes.
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be of some concern of risk of bias [15,19,44,47,48,51,55,56], 
and four RCTs were judged to be at a high risk of bias mainly 
due to a high risk of bias in the randomization process and/or 
deviations from the intended treatment [45,46,52,53] 
(Figure 2). For the safety outcomes, overall, one RCT was 
judged to be at a low risk of bias [54], eight RCTs were judged 
to be of some concern of risk of bias [44,47–51,55,56], and four 
RCTs were judged to be at a high risk of bias mainly due to 
a high risk of bias in randomization process and/or deviations 
from the intended treatment [45,46,52,53] (Appendix 
Figure 1).

3.2. Efficacy outcomes

Nine different interventions involving 2,685 patients were 
included in the intervention network plot for clinical progres
sion (Figure 3). These included two different treatment dura
tions (10-day and 5-day treatment) for the same dose of 
remdesivir (100 mg). The forest plots for the direct compar
isons between the antiviral drugs and placebo/no treatment 
are shown in Figure 4, and the league table of all the compar
isons is presented in Appendix Figure 2. There was no evi
dence that any of the antiviral drugs significantly improved 
clinical progression. Irrespective of the non-significant find
ings, sofosbuvir (400 mg) with daclatasvir (60 mg) ranked 

best in terms of the likelihood of improving clinical progres
sion, while baloxavir marboxil (80 mg) ranked worst (Figure 5).

Thirteen different interventions involving 14,874 patients 
were included in the intervention network plot for all-cause 
mortality (Figure 3). These included two different treatment 
durations (10-day and 5-day treatment) for the same dose of 
remdesivir (100 mg). The forest plots for the direct compar
isons between the antiviral drugs and placebo/no treatment 
are shown in Figure 4, and the league table of all the compar
isons is presented in Appendix Figure 3. There was no evi
dence that any of the antiviral drugs significantly reduced all- 
cause mortality. Irrespective of the non-significant findings, 
ribavirin (400 mg) with interferon-β-1b (8 million-IU) ranked 
best in terms of the likelihood of reducing all-cause mortality, 
while interferon-β-1a (44 µg per 0.5 mL) ranked worst 
(Figure 5).

Nine different interventions involving 384 patients were 
included in the intervention network plot for viral clearance 
(Figure 3). The forest plots for the direct comparisons between 
the antiviral drugs and placebo/no treatment are shown in 
Figure 4, and the league table of all the comparisons is pre
sented in Appendix Figure 4. There was no evidence that any 
of the antiviral drugs significantly improved viral clearance. 
Irrespective of the non-significant findings, darunavir 
(800 mg) with cobicistat (150 mg) ranked best in terms of 

Figure 3. Network plots of interventions for all outcomes.
Bal = Baloxavir marboxil (80 mg); Dar_Cob = Darunavir (800 mg) & Cobicistat (150 mg); Fav = Favipiravir (600 mg); IFb_1b = Interferon-β-1b (250mcg); IFb_1a = Interferon-β-1a (44 µg-per- 
0.5 mL); Lop_Rit = Lopinavir (400 mg) & Ritonavir (100 mg); Nova = Novaferon (20ug); P_NT = Placebo/No treatment; Rem_10d = Remdesivir (100 mg – 10 days); Rem_5d = Remdesivir 
(100 mg – 5 days); Rib = Ribavirin (400–600 mg); Rib_IFb_2b = Ribavirin (400 mg) & Interferon-β-1b (8million-iu); Sof_Dac = Sofosbuvir (400 mg) & Daclatasvir (60 mg); Triaz = Triazavirin 
(250 mg); Umif = Umifenovir (200 mg). 
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the likelihood of improving viral clearance, while baloxavir 
marboxil (80 mg) ranked worst (Figure 5).

3.3. Safety outcomes

Thirteen different interventions involving 1,615 patients were 
included in the intervention network plot for diarrhea 
(Figure 3). These included two different treatment durations 
(10-day and 5-day treatment) for the same dose of remdesivir 
(100 mg). The forest plots for the direct comparisons between 
the antiviral drugs and placebo/no treatment are shown in 
Appendix Figure 5, and the league table of all the compar
isons is presented in Appendix Figure 6. Lopinavir (400 mg) 
with ritonavir (100 mg) significantly increased diarrhea com
pared with placebo/no treatment [RR 2.07; 95% Crl 1.39 to 
3.03]; compared with triazavirin (250 mg) [RR 81.83; 95% Crl 
1.34 to 287.01]; compared with remdesivir (100 mg – 10 days) 
[RR 2.92; 95% Crl 1.42 to 5.42]; compared with remdesivir 
(100 mg – 5 days) [RR 2.60; 95% Crl 1.22 to 4.93]; and com
pared with ribavirin (400 mg) with interferon-β-1b (8 million- 
IU) [RR 2.43; 95% Crl 1.31 to 4.11]. Triazavirin (250 mg) ranked 
best in terms of the likelihood of decreased diarrhea, while 
lopinavir (400 mg) with ritonavir (100 mg) ranked worst 
(Appendix Figure 7).

Ten different interventions involving 1,884 patients were 
included in the intervention network plot for nausea (Figure 3). 
These included two different treatment durations (10-day and 
5-day treatment) for the same dose of remdesivir (100 mg). The 
forest plots for the direct comparisons between the antiviral drugs 
and placebo/no treatment are shown in Appendix Figure 8, and 
the league table of all the comparisons is presented in Appendix 
Figure 9. Lopinavir (400 mg) with ritonavir (100 mg) significantly 
increased nausea compared with placebo/no treatment [RR 2.92; 
95% Crl 1.20 to 6.39]. Remdesivir (100 mg – 10 days) significantly 
increased nausea compared with placebo/no treatment [RR 2.27; 
95% Crl 1.29 to 3.81]. Remdesivir (100 mg – 5 days) significantly 
increased nausea compared with placebo/no treatment [RR 2.47; 
95% Crl 1.37 to 4.22] and compared with ribavirin (400 mg) with 
interferon-β-1b (8million-IU) [RR 2.47; 95% Crl 1.07 to 4.88]. 
Baloxavir marboxil (80 mg) ranked best in terms of the likelihood 
of decreased nausea, while lopinavir (400 mg) with ritonavir 
(100 mg) ranked worst (Appendix Figure 10).

Five different interventions involving 626 patients were 
included in the intervention network plot for vomiting 
(Figure 3). The forest plots for the direct comparisons between 
the antiviral drugs and placebo/no treatment are shown in 
Appendix Figure 11, and the league table of all the compar
isons is presented in Appendix Figure 12. Lopinavir (400 mg) 
with ritonavir (100 mg) significantly increased vomiting com
pared with placebo/no treatment [RR 3.83; 95% Crl 1.90 to 
7.32]; compared with ribavirin (400–600 mg) [RR 2.59; 95% Crl 
1.05 to 5.54]; and compared with remdesivir (100 mg – 
10 days) [RR 7.44; 95% Crl 1.16 to 24.89]. Remdesivir 
(100 mg – 10 days) ranked best in terms of the likelihood of 
decreased vomiting, while lopinavir (400 mg) with ritonavir 
(100 mg) ranked worst (Appendix Figure 13).

Figure 4. Forest plots of direct comparisons between antiviral drugs and pla
cebo/no treatment for the efficacy outcomes.
Bal = Baloxavir marboxil (80 mg); Dar_Cob = Darunavir (800 mg) & Cobicistat (150 mg); 
Fav = Favipiravir (600 mg); IFb_1b = Interferon-β-1b (250mcg); IFb_1a = Interferon-β-1a 
(44 µg-per-0.5 mL); Lop_Rit = Lopinavir (400 mg) & Ritonavir (100 mg); 
Nova = Novaferon (20ug); P_NT = Placebo/No treatment; Rem_10d = Remdesivir 
(100 mg – 10 days); Rem_5d = Remdesivir (100 mg – 5 days); Rib = Ribavirin (400– 
600 mg); Rib_IFb_2b = Ribavirin (400 mg) & Interferon-β-1b (8million-iu); 
Sof_Dac = Sofosbuvir (400 mg) & Daclatasvir (60 mg); Triaz = Triazavirin (250 mg); 
Umif = Umifenovir (200 mg). 
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3.4. Ongoing RCTs

We identified in ClinicalTrials.gov website, 21 ongoing RCTs of 
antiviral drugs compared with placebo or no treatment for 
treatment of COVID-19. Relevant information regarding these 
trials is presented in Appendix Table 3.

4. Discussion

None of the assessed antiviral drugs was found to be effica
cious for improving clinical progression, reducing all-cause 
mortality, and viral clearance among hospitalized COVID-19 
patients. Lopinavir (400 mg) with ritonavir (100 mg) appeared 

Figure 5. Ranking of interventions for the efficacy outcomes (rankogram) .
Bal = Baloxavir marboxil (80 mg); Dar_Cob = Darunavir (800 mg) & Cobicistat (150 mg); Fav = Favipiravir (600 mg); IFb_1b = Interferon-β-1b (250mcg); IFb_1a = Interferon-β-1a (44 µg-per- 
0.5 mL); Lop_Rit = Lopinavir (400 mg) & Ritonavir (100 mg); Nova = Novaferon (20ug); P_NT = Placebo/No treatment; Rem_10d = Remdesivir (100 mg – 10 days); Rem_5d = Remdesivir 
(100 mg – 5 days); Rib = Ribavirin (400–600 mg); Rib_IFb_2b = Ribavirin (400 mg) & Interferon-β-1b (8million-iu); Sof_Dac = Sofosbuvir (400 mg) & Daclatasvir (60 mg); Triaz = Triazavirin 
(250 mg); Umif = Umifenovir (200 mg). 
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to be the worst antiviral drug treatment with respect to the 
risk of diarrhea, nausea, and vomiting. Triazavirin (250 mg), 
baloxavir marboxil (80 mg), and remdesivir (100 mg – 10 days) 
ranked best with respect to the risk of diarrhea, nausea, and 
vomiting, respectively. Generally, there was a paucity of evi
dence and a substantial risk of bias in most of the evidence; 
hence, the need for cautious interpretations of these findings.

Noteworthy was the substantial variability in the definitions 
of COVID-19 severity across the included RCTs, which meant 
that patients’ severity varied significantly across the RCTs 
(Appendix Table 2). It was therefore difficult to ascertain the 
exact levels of COVID-19 severity across the studies and to 
explore the influence of different levels of severity on treat
ment efficacy and safety outcomes of the antiviral drugs. 
Patients’ eligibility criteria also varied considerably across the 
RCTs, with substantial variability in the number of days from 
patients’ symptom onset to enrollment in the RCTs and differ
ences in minimum age for enrollment, although most were 
adult patients. In addition, across studies, it was not clear to 
what extent the patients differed by comorbidity status and 
the impact that any differences may have made to our overall 
findings. Furthermore, there was extensive variability in stan
dards of care across health jurisdictions in which the RCTs 
were conducted, with many of the RCTs conducted in multiple 
countries across various continents, with differing health sys
tems and practices. However, all the included RCTs involved 
laboratory-confirmed hospitalized COVID-19 patients. While 
the assessed outcomes were evaluated alike across the RCTs, 
albeit with different but largely similar follow-up times, assess
ment of clinical progression involved varied scales although 
the scales were comparable, which allowed us to compare 
patients between intervention and comparator groups accord
ing to whether they were still hospitalized with moderate 
disease or were ambulatory with mild disease at the end of 
follow-up, irrespective of the scale used for assessment.

Notwithstanding the variability across the included RCTs, 
findings from this systematic review show a lack of evidence 
for the use of any of the assessed antiviral drugs for COVID-19 
treatment, including remdesivir, which has been approved for 
this purpose. Others have also reached similar conclusions to 
those in this review. A living systematic review and network 
meta-analysis of drug treatments for COVID-19 found that inter
feron-beta and remdesivir did not reduce mortality in patients 
with COVID-19 compared with standard care [57]. However, this 
review included patients with suspected or probable COVID-19 
(not limited to laboratory confirmed patients). Another systema
tic review and meta-analysis also found that remdesivir did not 
reduce all-cause mortality and that time to recovery, need for 
invasive ventilation, and varied pharmacokinetic adverse effect 
outcomes were similar between remdesivir and the control 
groups [58]. Similarly, a systematic review found no evidence 
to support the use of umifenovir for improving patient-impor
tant outcomes in patients with COVID-19 [59], and an earlier 
systematic review during the initial stages of the COVID-19 
pandemic suggested likely increases in diarrhea, nausea, and 
vomiting with lopinavir/ritonavir although the conclusions were 
not based on meta-analysis [60].

Various public health measures such as the use of facial 
masks, social distancing, and quarantine of suspected or 

confirmed infected individuals have been implemented all 
over the world. While these measures have been largely 
successful in mitigating the spread of COVID-19, vaccination 
remains the most practical, and the main strategy for preven
tion of the disease, with vaccines now available in most 
countries. However, new strains of the SARS-CoV-2 have 
been identified in various countries [61], and the newly 
developed vaccines may not be effective or as effective 
against these new strains. Even if the newly developed vac
cines are effective against all strains of SARS-CoV-2, vaccine 
insufficiency (shortages), unaffordability (financial and sto
rage constraints), and the urgency of need for intervention 
may make vaccine prevention against COVID-19 suboptimal. 
In addition, the already infected individuals, particularly, the 
very severe and those individuals that may be more vulner
able to complications [62] are likely to require immediate 
treatment. In these scenarios, the use of therapeutic mea
sures such as antiviral drugs becomes of immense impor
tance. Furthermore, antiviral drugs may reduce viral 
shedding in infected individuals, thus reducing infectivity 
and making onward transmission from these individuals less 
likely [63,64].

4.1. Review limitations and merits

First, we did not search Asian, or non-English, bibliographic 
databases and therefore may have missed potentially eligible 
RCTs. However, we searched varied COVID-19 curated data
bases, which represent comprehensive multilingual sources of 
current up-to-date literature on COVID-19. Secondly, we only 
included English language publications and may therefore 
have missed any relevant non-English publication. However, 
this is unlikely because publications in languages other than 
English would have also been reported in English, considering 
that COVID-19 is a global problem and a pandemic. 
Additionally, it was not clear whether the scales for assess
ment of clinical progression in the RCTs were validated and to 
what extent our deduction of clinical progression outcome 
may have affected our assessment of the outcome.

Notwithstanding the limitations, this review has many mer
its. The search strategies for literature were developed by 
a knowledge synthesis librarian and peer reviewed by an 
independent knowledge synthesis librarian using the PRESS 
checklist [25]. Appropriate databases and websites were 
searched for published literature, and known guidelines and 
standards were adhered to in the conduct and reporting of 
the review. The review findings answer important clinical 
questions that inform evidence-based COVID-19 patient man
agement and would be of help to clinicians and policymakers 
in decision-making regarding treatment of COVID-19.

5. Conclusions

The available evidence does not support the use of any anti
viral drugs for COVID-19, despite the FDA approval of remde
sivir for COVID-19 treatment. Cautious interpretations of the 
review findings are, however, advised considering the paucity 
of the evidence and the substantial risk of bias in most of the 
evidence. High quality, multicenter RCTs are needed for 
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a stronger evidence base. Until then, antiviral drugs should 
only be used as experimental drugs for COVID-19.
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