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Abstract
Background: Randomized trial evidence suggests that some antiviral
drugs are effective in patients with
COVID-19. However, the comparative
effectiveness of antiviral drugs in non
severe COVID-19 is unclear.
Methods: We searched the Epistemonikos
COVID-19 L·OVE (Living Overview of Evidence) database for randomized trials
comparing antiviral treatments, standard care or placebo in adult patients
with nonsevere COVID-19 up to Apr. 25,
2022. Reviewers extracted data and
assessed risk of bias. We performed a
frequentist network meta-analysis and
assessed the certainty of evidence using
the Grading of Recommendations,

Assessment, Development and Evaluation (GRADE) approach.
Results: We identified 41 trials, which
included 18 568 patients. Compared
with standard care or placebo, molnupiravir and nirmatrelvir–ritonavir each
reduced risk of death with moderate
certainty (10.9 fewer deaths per 1000,
95% confidence interval [CI] 12.6 to
4.5 fewer for molnupiravir; 11.7 fewer
deaths per 1000, 95% CI 13.1 fewer to
2.6 more). Compared with molnupiravir, nirmatrelvir–ritonavir probably
reduced risk of hospital admission
(27.8 fewer admissions per 1000, 95% CI
32.8 to 18.3 fewer; moderate certainty).
Remdesivir probably has no effect on

Most trials addressing the treatment of patients with COVID-19
have targeted patients admitted to hospital with severe or crit
ical disease. 1 However, more recently, several treatments,
including antiviral drugs, antidepressants, monoclonal antibodies
and inhaled corticosteroids, have been studied for patients with
nonsevere COVID-19.2 Preliminary evidence from ongoing or
recently completed trials suggests that 2 novel antiviral drugs —
molnupiravir and nirmatrelvir–ritonavir (Paxlovid) — may be
effective at reducing risk of hospital admission.3–5 To date, evidence on antiviral drugs for nonsevere COVID-19 has not been
systematically synthesized or appraised. Furthermore, although
efficacy data from trials of molnupiravir, nirmatrelvir–ritonavir
and remdesivir are promising, no head-to-head trials have compared these drugs.
A network meta-analysis allows for comparison of treatments
that have not been compared in randomized controlled trials
(RCTs), using pooled estimates from direct and indirect evidence.
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risk of death, but may reduce hospital
admissions (39.1 fewer admissions per
1000, 95% CI 48.7 to 13.7 fewer; low
certainty).
Interpretation: Molnupiravir and
nirmatrelvir–ritonavir probably reduce
risk of hospital admissions and death
among patients with nonsevere COVID19. Nirmatrelvir–ritonavir is probably
more effective than molnupiravir for
reducing risk of hospital admissions.
Most trials were conducted with
unvaccinated patients, before the emergence of the Omicron variant; the effectiveness of these drugs must thus be
tested among vaccinated patients and
against newer variants.

They can provide guidance to clinicians and evidence users in
determining which treatments are superior. This is particularly
important as health care systems attempt to prioritize access to
effective COVID-19 treatments in the early stages of the disease.
We sought to compare the effectiveness of antiviral drugs for
patients with nonsevere COVID-19.

Methods
We conducted a systematic review and network meta-analysis,
that included a rigorous appraisal of the evidence. We registered
a protocol on Open Science Framework and uploaded the data
used for this analysis (https://osf.io/zbcf9). We report our systematic review and network meta-analysis in accordance with
the Preferred Reporting Items for Systematic reviews and MetaAnalyses (PRISMA) extension statement for reporting of systematic
reviews incorporating network meta-analyses.6
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Search strategy

Data collection

We worked with an experienced medical librarian to develop a search
strategy. We searched for eligible trials using the Epistemonikos
COVID-19 L·OVE (Living Overview of Evidence) database and the
Cochrane COVID-19 study register, an open-access repository for
COVID-19 literature, with a valid search up to Apr. 25, 2022.7
The Epistemonikos COVID-19 L·OVE database is a comprehensive repository that is used as the primary source for several
international evidence synthesis initiatives addressing COVID-19,8
and has been validated as a comprehensive source for COVID-19
studies. Two studies validated its reliability as a primary source,
identifying 93% of relevant articles in 1 study and 99.67% in
another (100% for RCTs).9,10 This repository draws from 41 databases that are updated on a daily to weekly basis, including
MEDLINE, Embase, the Cochrane Register, Clinicaltrials.gov, the
World Health Organization (WHO) International Clinical Trials
Registry Platform and MedRxiv.
We used the Epistemonikos user interface to identify articles
addressing antiviral treatments for COVID-19. We did not use the
RCT filter and opted to screen all studies of antiviral drugs ourselves. The articles selected by the interface are first identified
using automated tools and then reviewed by methods experts
and other members of the Epistemonikos team. We supplemented our search by reviewing 2 large living systematic reviews
and network meta-analyses. 2,8,11 Appendix 1, Supplement 1,
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.220471/tab
-related-content presents the search strategy and more details
on the Epistemonikos COVID-19 L·OVE interface. Similarly, we
used the Cochrane COVID-19 study register interface to search
broadly for antiviral drugs used in COVID-19 treatment.

After training and calibration exercises to ensure sufficient agreement, reviewers worked independently and in duplicate to extract
data from each eligible trial. We collected data on trial characteristics (i.e., author, year published, trial registration and country of
enrolment), patient characteristics (i.e., age, sex, inpatient or outpatient, disease severity and comorbidities) and our outcomes of
interest. When reported, we also extracted outcome data stratified by age and sex to facilitate subgroup analyses.
Our outcomes of interest were all-cause mortality, hospital admissions, need for mechanical ventilation and serious adverse events
leading to stopping the drug — all at longest reported follow-up.

Study selection
We included published and unpublished trials that randomized
adult patients (aged ≥ 18 yr) with nonsevere COVID-19 to antiviral
treatments, standard care or placebo.
We used the WHO definitions for disease severity;12 patients
were classified as having nonsevere disease if they were symptomatic and did not have evidence of lower respiratory disease,
moderate disease if they had an oxygen saturation of 93% or
more on room air and evidence of lower respiratory disease, and
severe or critical disease if they had fever or suspected infection,
cough, respiratory rate above 30 breaths/min, severe respiratory
distress and oxygen saturation less than 93% on room air.
For trials that reported on patients with differing levels of
severity, we extracted data on nonsevere patients, when
reported. We included trials that did not specifically report data
on nonsevere patients if most of the patients (> 80%) had non
severe disease. We excluded trials that reported only on patients
with severe disease or critically ill patients and those that compared interventions that are not antiviral drugs.
After training and calibration exercises to ensure sufficient
agreement, reviewers worked independently and in duplicate to
screen titles and abstracts of search records and, subsequently,
the full texts of records deemed potentially eligible after title and
abstract screening. Reviewers resolved discrepancies by discussion or, when necessary, by adjudication with a third reviewer.
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Risks of bias
Reviewers, working independently and in duplicate, assessed risk
of bias using a revision of the Cochrane tool for assessing risk of
bias in randomized trials (RoB 2.0).13,14 We rated risk of bias as low,
probably low, probably high or high, across the following
domains: bias arising from the randomization process, departures
from the intended intervention, missing outcome data, measurement of the outcome and selection of the reported results. We
resolved discrepancies by discussion and, when necessary, with
adjudication by a third party. Appendix 1, Supplement 2 presents
more details on our risk of bias assessments.

Statistical analysis
For each outcome, we conducted frequentist random-effects network meta-analysis using the restricted maximum likelihood estimator with the netmeta package in R (version 4.03, R Foundation for
Statistical Computing).15 The restricted maximum likelihood estimator is used to estimate τ, a measure of heterogeneity in the metaanalysis. The network meta-analysis uses the relative risk (RR) as the
measure of treatment effect. We used the total number of patients
in each arm and the events for each outcome to calculate the RR
and associated 95% confidence interval (CI) using the pairwise function.16 When there were 0 events reported for both arms, we used
the continuity correction and added 0.5 to the event and total numbers.17 A network meta-analysis produces network estimates from
the pooled results of both direct (pairwise, conventional meta-
analysis) and indirect evidence (drug treatments with common
comparators). This results in more precise estimates, increasing our
certainty in the treatment effect. We categorized each antiviral drug
separately, and grouped standard care and placebo together.
We used the treatment-splitting method (difference between
direct and indirect evidence in closed loops) to test for local incoherence.18 We assessed heterogeneity in the data by inspection of forest
plots and the I2 statistic. We considered heterogeneity ranging from
0%–40% as potentially unimportant, 30%–60% as moderate, 50%–
90% as substantial and 75%–100% as critical.19 For comparisons
with 10 or more trials, we planned to assess publication bias by
visual inspection of funnel plots and Egger’s statistical test.20
For visual presentation, we generated network and forest plots
using the network map command in Stata v.17 (StataCorp). In addition to RRs, we summarized intervention effects using the absolute
risk difference per 1000 patients, with a baseline risk sourced from
the median risk in the placebo and standard care arms across trials.
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Assessment of certainty of the evidence
Reviewers, working independently and in duplicate, assessed the
certainty of the evidence using the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) approach for
network meta-analysis.23,24 We rated the certainty for each comparison and outcome as high, moderate, low or very low, based on considerations of risk of bias, inconsistency, indirectness, publication
bias, intransitivity (the dissimilarity of important factors that may
affect the outcome being investigated across comparisons),
incoherence (difference between direct and indirect effects) and
imprecision. Appendix 1, Supplement 3 presents details on methods for assessing the certainty of evidence.
We used a minimally contextualized approach for judgments of
imprecision, which considers only whether CIs include a minimally
important effect and does not consider the magnitude of plausible
effects.25 This approach does not consider statistical significance
as the only indicator of whether an intervention is effective, given
the important limitations of statistical significance.26 An estimate
may not be statistically significant but may still have evidence of

moderate certainty for benefit or harm, depending on the width of
the CIs and whether they cross the bounds of the prespecified
thresholds. Conversely, an intervention may produce results that
are statistically significant but that indicate no important benefit
or harm (e.g., a < 1% reduction in risk of death).
Based on a survey of the authors, we considered a minimally
important effect to be a 1% reduction in risk of death, mechan
ical ventilation and hospital admission, and a 2% reduction in
risk of adverse events that led to stopping the drug.
We report our results using guidance from the GRADE Working
Group, which involves describing the effect of a drug based on
the certainty of evidence (i.e., high-certainty evidence the drug is
effective, moderate-certainty evidence the drug is effective, low-
certainty evidence the drug is effective and very low–certainty
evidence the drug is effective).27

Ethics approval
We did not seek ethics approval for this systematic review and
meta-analysis because the data were publicly available.

Results
Our search identified 4541 unique references. At the title and
abstract screening stage, we screened 4475 citations and identified 66 RCTs for full text review (Figure 1). We excluded 25 trials in
which all or most patients had severe or critical COVID-19. We
sourced data from 1 trial from a press release (EPIC-SR)3 and 1 trial
from a large living network meta-analysis.2 We identified 41 eli
gible trials, with 18 568 patients. Appendix 1, Supplement 4 presents more details on the excluded studies.

Identification

Identification of studies via databases and registers
Records identified from:
• Epistemonikos n = 4152
• Cochrane COVID-19 trials n = 646
• Hand search of living COVID-19
network meta-analyses n = 229
Reports removed before screening
• Duplicate records removed n = 486

Screening

Title and abstracts screened n = 4541

Full text sought for review n = 66

Included

Full text assessed for eligibility n = 66
Reports excluded
• All or most patients with severe or
critical COVID-19 n = 25

Studies included in review n = 41

Figure 1: Flow diagram. Appendix 1, Supplement 4, available at www.cmaj.ca/lookup/doi/10.1503/cmaj.220471/tab-related-content, presents details
on excluded trials.
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For adverse events that led to stopping the drug, we used the baseline risk in the standard care arms alone.
For comparisons with moderate- or high-certainty evidence,
we tested 4 prespecified effect modifiers (age, sex, risk of bias, disease severity) using univariate metaregression models, and judged
the credibility of any subgroup effects using the Instrument to
Assess the Credibility of Effect Modification Analyses (ICEMAN)
tool.21 Within-trial subgroups were preferable to between-trial subgroups because of potential differences between trials that could
confound between-trial subgroups.21,22
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Table 1 (part 1 of 2): Characteristics of included randomized controlled trials

Intervention

Comparator

Study

Year

Registration

Country

No. of patients
Age, yr,
Sex,
mean male, % Total Died Hosp. MV

Azvudine

Standard care Ren54

2020

ChiCTR2000029853

China

52

60

20

0

NR

NR

Emtricitabine–
tenofovir

Standard care Parienti53

2021

NCT04685512

France

45.25

43.33

60

0

3

NR

Emtricitabine–
tenofovir

Tenofovir,
placebo

Arruda30

2021

NCT04712357

Brazil

38.04

35.4

150

NR

5

NR

Emtricitabine–
tenofovir

Placebo

GaitanDuarte40

2021

NCT04359095

Colombia

55.39

67.61

324

19

NR

NR

Favipiravir

Standard care Balykova31

2020

NCT04542694

Russia

47.33

NR

39

0

NR

0

Favipiravir

Standard care Balykova32

2020

NR

Russia

49.68

48.54

206

0

NR

0

Favipiravir

56

Standard care Ruzhentsova

2020

NCT04501783

Russia

41.8

47.02

168

NR

5

1

Favipiravir

Standard care Ivashchenko44

2020

NCT04434248

Russia

50.73

50

40

2

NR

2

Favipiravir

Placebo

2021

JapicCTI-205238

Japan

45.34

66.67

156

0

NR

14

Favipiravir

Standard care Udwadia59

2020

CTRI/2020/05/025114

India

43.29

73.47

150

1

NR

14

Favipiravir

Umifenovir

Chen36

2020

ChiCTR2000030254

China

NR

46.61

240

0

NR

NR

Favipiravir

Favipiravir

Doi38

2020

jRCTs041190120

Japan

50

61.36

89

NR

NR

NR

Favipiravir

Standard care Zhao65

2021

NCT04333589

China

55.7

45.45

55

0

NR

NR

Lopinavir–
ritonavir

Standard care Ader57

2021

NCT04315948

France, Luxembourg

63

71.7

300

13

NR

16

Lopinavir–
ritonavir

Umifenovir,
placebo

2020

NCT04252885

China

49.4

46.51

69

0

NR

NR

Lopinavir–
ritonavir

Standard care Wang61

2020

NR

China

NR

38.3

60

NR

NR

NR

Molnupiravir

Placebo

Bernal35

2021

NCT04575597

Argentina, Brazil,
Canada, Chile,
Colombia, Egypt,
France, Germany,
Guatemala, Israel,
Italy, Japan, Mexico,
Philippines, Poland,
Russia, South Africa,
Spain, Sweden,
Taiwan, Ukraine,
United Kingdom,
United States

44.85

48.71

1433

14

116

24

Molnupiravir

Placebo

Fischer39

2021

NCT04405570

United States

40.09

48.51

85

1

4

NR

Molnupiravir

Standard care Khoo46

2021

NCT04746183

United Kingdom

56

27.78

8

0

NR

NR

Nirmatrelvir–
ritonavir

Placebo

EPIC-SR3,68

2021

NCT05011513

North America, South
America, Europe,
Africa, Asia

NR

NR

854

0

13

NR

Nirmatrelvir–
ritonavir

Placebo

EPIC-HR
(Hammond)67

2021

NCT04960202

Argentina, Brazil,
Bulgaria, Colombia,
Czechia, Hungary,
India, Japan, Korea,
Malaysia, Mexico, Peru,
Puerto Rico, Poland,
Russia, South Africa,
Spain, Taiwan,
Thailand, Turkey,
Ukraine, United States

NR

NR

2246

12

76

NR

Novaferon

Lopinavir–
ritonavir

Zheng66

2020

ChiCTR2000029496

China

46.73

47.19

60

NR

NR

NR

Remdesivir

Placebo

Beigel34

2020

NCT04280705

Denmark, Greece,
Germany, Japan,
Korea, Mexico, Spain,
Singapore, United
Kingdom, United States

58.9

64.41

1062

6

NR

5

E972

Shinkai

58

Li47
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Table 1 (part 2 of 2): Characteristics of included randomized controlled trials

Comparator

Study

Remdesivir

Standard care Ali29

Remdesivir

Placebo

Remdesivir

Year

Registration

2022

NCT04330690

2021

Standard care Barratt-Due33

Remdesivir
Remdesivir

Country

65.51

59.8

1282

12

NR

6

NCT04501952, EudraCT
Denmark, Spain,
Number 2020–003510–12 United Kingdom,
United States

50.5

52.14

584

0

23

NR

2021

NCT04321616

Norway

59.8

65.75

94

NR

NR

NR

Standard care Criner

2020

NCT04252664

China

57

61

384

8

NR

NR

Standard care Ogbuagu51

2021

NCT04252664

China

NR

NR

1005

NR

NR

NR

Remdesivir

Standard care Pan52

2020

ISRCTN83971151,
NCT04315948

Albania, Argentina,
Austria, Belgium,
Brazil, Canada,
Colombia, Egypt,
Finland, France,
Honduras, India,
Indonesia, Iran,
Ireland, Italy, Kuwait,
Lebanon, Lithuania,
Luxembourg,
Macedonia, Malaysia,
Norway, Pakistan,
Peru, Phillippines,
Saudi Arabia, South
Africa, Spain,
Switzerland

NR

62.94

5475

24

NR

NR

Remdesivir

Placebo

Wang60

2020

NCT04257656

China

65

59.32

237

32

NR

NR

Resveratrol

Placebo

McCreary48

2021

NCT04400890

United States

56

40.95

105

0

4

0

Ribavirin,
lopinavir–
ritonavir–
ribavirin

Lopinavir–
ritonavir

Huang

2020

ChiCTR2000029387

China

42.5

45.54

69

0

NR

NR

Ribavirin–
sofosbuvir–
daclatasvir

Standard care Kasgari45

2020

IRCT20200328046886N1 Iran

52.5

37.5

48

3

NR

4

Sofosbuvir–
daclatasvir

Standard care Roozbeh55

2020

IRCT20200403046926N1 Iran

43

47.27

60

NR

5

NR

Sofosbuvir–
daclatasvir

Placebo

Mobarak49

2021

IRCT20200624047908N1 Iran

58

54.02

1083

128

NR

30

Sofosbuvir–
daclatasvir

Lopinavir–
ritonavir

Yadollahzadeh62

2021

IRCT20200328046885N1 Iran

57.56

44.64

112

5

NR

NR

Sofosbuvir–
daclatasvir

Standard care Yakoot63

2020

DRKS00022203

49.01

42.7

89

4

NR

NR

Sofosbuvir–
ledipasvir

Standard care Khalili50

2020

IRCT20100228003449N29 Iran

62.23

NR

90

6

NR

7

Triazavirin

Placebo

2020

ChiCTR20000300001

China

58

50

52

1

NR

NR

Umifenovir

Standard care Ghaderkhani41

2020

IR.TUMS.VCR.
REC.1399.204,
04.13.2020

Iran

44.38

60.38

56

NR

NR

NR

Umifenovir

Standard care Yethindra64

2020

NR

Kyrgyzstan

36.5

60

30

0

NR

NR

Gottlieb

42

37

43

Wu28

Canada

Egypt

Note: Hosp. = admitted to hospital, MV = mechanical ventilation, NR = not reported.

We identified trials that reported on 16 unique antiviral treatments, including nirmatrelvir–ritonavir, molnupiravir, remdesivir,
azvudine, emtricitabine–tenofovir, favipiravir, lopinavir–ritonavir,
lopinavir–ritonavir–ribavirin, resveratrol, ribavirin, ribavirin–
sofosbuvir–daclatasvir, sofosbuvir–daclatasvir, sofosbuvir–
ledipasvir, tenofovir, triazavirin and umifenovir.

Most patients were aged between 36.5 to 65.5 years, with a
similar proportion of male to female patients. Although we
included 4 trials that included patients with severe COVID-19, we
only extracted data from the nonsevere subgroup. The most
common comorbidity was hypertension. Table 1 and Appendix 1,
Supplement 5 present trial characteristics.28–68
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Intervention

No. of patients
Age, yr,
Sex,
mean male, % Total Died Hosp. MV

Research

Risk of bias

Network meta-analysis

Figure 2 presents our risk of bias assessments for the studies that
reported deaths. Appendix 1, Supplement 6 presents more
details on the risk of bias assessments. We rated 13 of 32 trials
that reported on deaths as being at probable or high risk of bias,
primarily owing to issues with allocation concealment.

Our network meta-analysis included 40 trials, with
17 563 patients. We were unable to include 1 trial in the analysis because it did not report any of our outcomes of interest.51
Figure 3 presents the geometry of the network of trials that
reported deaths and Appendix 1, Supplement 7 presents the

Study

Randomization

Deviations
from intended
intervention

Missing
outcome data

Measurement of
the outcome

Selective
reporting

Abbaspour Kasgari45
Ader57
Ali29
Balykova31
Balykova32
Beigel34
Chen36
Criner37
EPIC-HR67
EPIC-SR3,68
Fischer39
Gaitan-Duarte40
Gottlieb42
Huang43
Ivashchenko44
Jayk Bernal35
Khalili50
Khoo46
Li47
McCreary48
Mobarak49
Pan52
Parienti53
Ren54
Shinkai58
Udwadia59
Wang60
Wu28
Yadollahzadeh62
Yakoot63
Yethindra64
Zhao65

Definitely low risk of bias

Probably low risk of bias

Probably high risk of bias

Figure 2: Risk of bias assessments for studies that reported deaths, using a modified version of the RoB 2.0 tool.
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Hospital admission
Ten trials reported on hospital admissions, including
5575 patients with 252 events, with a median follow-up of
21 weeks.3,30,35,39,42,48,53,55,56,67 Based on median risk in the placebo
and standard care group, we assumed a risk of 54.4 hospital
admissions per 1000.
Compared with standard care or placebo, nirmatrelvir–
ritonavir reduced the risk of hospital admission (46.2 fewer
admissions per 1000, 95% CI 50.1 to 38.9 fewer; high certainty),
molnupiravir probably reduced risk of admission (16.3 fewer
admissions per 1000, 95% CI 27.2 to 0 fewer; moderate certainty) and remdesivir may have reduced risk of admission
(39.1 fewer admissions per 1000, 95% CI 48.7 to 13.7 fewer; low
certainty).
Compared with molnupiravir, nirmatrelvir–ritonavir probably
reduced risk of hospital admission (27.8 fewer admissions per
1000, 95% CI 32.8 to 18.3 fewer; moderate certainty).

Mortality
Thirty-two trials reported on deaths, including 10 837 patients
and 291 deaths, with a median follow-up of 29 weeks.3,28,29,31,32,34–
37,39,40,42–50,52–54,57–60,62–65,67
Based on median risk in the placebo and
standard care group, we assumed a baseline risk of 13.3 deaths
per 1000. Figure 5 presents the network forest plot for risk of
death with treatment compared with standard care or placebo.
Compared with standard care or placebo, molnupiravir and
nirmatrelvir–ritonavir each reduced risk of death with moderate certainty (10.9 fewer deaths per 1000, 95% CI 12.6 to
4.5 fewer for molnupiravir; 11.7 fewer deaths per 1000, 95% CI
13.1 fewer to 2.6 more). Remdesivir (2.4 fewer deaths per 1000,
95% CI 6.2 fewer to 3.4 more), sofosbuvir–daclatasvir (1.4 more
deaths per 1000, 95% CI 2.6 fewer to 6.9 more) and
emtricitabine–t enofovir (3.7 fewer deaths per 1000, 95% CI
9.3 fewer to 9.29 more) had no effect on risk of death, with moderate certainty.

Mechanical ventilation
Fourteen trials reported need for mechanical ventilation, including 3972 patients with 123 events, with a median follow-up of
21 weeks.29,31,32,34,35,44,45,48–50,56–59 Based on median risk in the placebo and standard care group, we assumed a baseline risk of
22 mechanical ventilation events per 1000.
Compared with standard care or placebo, molnupiravir probably reduced the need for mechanical ventilation (13 fewer
events per 1000, 95% CI 18.3 to 0 fewer; moderate certainty) and
remdesivir may have reduced mechanical ventilation (11.8 fewer
events per 1000, 95% CI 18.9 fewer to 12.1 more; low certainty).

Lopinavir + ritonavir + ribavirin
1
Molnupiravir
Lopinavir + ritonavir
4

3

Favipiravir

7

Nirmatrelvir + ritonavir
2

Placebo

2

29

Remdesivir

6

Emtricitabine + tenofovir

1

Azvudine

3

1

Resveratrol

Umifenovir
1

Ribavirin

1
1

4

1

Triazavirin

Sofosbuvir + ledipasvir
Ribavirin + sofosbuvir + daclatasvir
Sofosbuvir + daclatasvir

Figure 3: Network diagram of antiviral drugs for COVID-19. Each sphere represents a drug or drug combination that has been tested in trials. The size of
the sphere is proportional to the number of patients that have received that drug or drug combination, and the thickness of the connecting line is proportional to the number of trials.
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network geometries for those that reported hospital admissions, mechanical ventilation and adverse events that led to
stopping the drug.
Across all networks, most treatments were connected to standard care and placebo. Appendix 1, Supplement 8 presents treatment-splitting plots. Figure 4 and Appendix 1, Supplement 9
present results of the network meta-analyses, including relative
risks from meta-analytic models. Both indices of heterogeneity
(I2 and τ) were 0 across all outcomes. Appendix 1, Supplement 10
presents additional details related to heterogeneity for each
network.
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GRADE recommendation
High certainty

Definitely more beneficial than standard care

Definitely more harmful than standard care

Definitely no different than standard care

Moderate certainty

Probably more beneficial than standard care

Probably more harmful than standard care

Probably no different than standard care

Low certainty

May be more beneficial than standard care

May be more harmful than standard care

May be no different than standard care

Very low certainty

Very uncertain

Very uncertain

Very uncertain

!

Risk difference per 1000 (95% CI)*†
Death

Hospital admission

Mechanical ventilation

Adverse events that led to
stopping the drug

13.3 (0.0 to 20.0)

54.4 (33.0 to 60.0)

22.0 (0.0 to 47.6)

20.0 (16.0 to 28.0)

Nirmatrelvir–ritonavir

–11.7 (–13.1 to 2.6)‡

–46.2 (–50.1 to –38.9)

Molnupiravir

–10.9 (–12.6 to –4.5)‡

–16.3 (–27.2 to 0)‡

–13.0 (–18.3 to 0)‡

–4.4 (–11.0 to 2.1)

–2.4 (–6.2 to 3.4)‡§

–39.1 (–48.7 to –13.7)§¶

–11.8 (–18.9 to 12.1)¶

28.3 (–85.8 to 142.4)¶**

8.7 (–8.5 to 47.9)¶

6.4 (–6.1 to 18.9)††

–7.6 (–16.5 to 15.4)¶

0.3 (–33.2 to 33.7)¶**

Drug
Placebo or standard care,
baseline risk per 1000, median

Remdesivir
Azvudine

0 (–13 to 636.1)¶**

Emtricitabine–tenofovir

–3.8 (–9.3 to 9.3)¶**

20.7 (–37.4 to 275.9)¶**

–0.93 (–10.2 to 36.2)¶**

–11.1 (–46.9 to 195.1)¶**

Favipiravir
Lopinavir–ritonavir
Lopinavir–ritonavir–ribavirin
Resveratrol
Ribavirin
Ribavirin–sofosbuvir–daclatasvir

–2.7 (–9 to 12.7)¶
–1.4 (–13.1 to 630.9)¶**
0 (–13.0 to 645.5)¶

5.5 (–29.2 to 40.2)¶**
–36.3 (–52.5 to 114.1)¶

0 (–21.5 to 1067.1)¶**

–1.8 (–13.1 to 611.5)¶**

–6.6 (–358.4 to 345.2)¶**

–1.4
1 (–13.2 to 21.6)¶

Sofosbuvir–daclatasvir

1.4 (–2.6 to 6.9)‡

Sofosbuvir–ledipasvir

–0.6 (–10.6 to 45.8)¶**

Tenofovir

–19.5 (–21.86 to 21.0)¶
–40.3 (–52.8 to 63.7)¶

0 (–388.0 to 388.0)¶**

11.1 (–5.9 to 45.9)¶
–6.3 (–18.2 to 43.9)¶**

–4.8 (–394.4 to 384.8)¶**

–25.1 (–51.5 to 233.6)¶**

Triazavirin

–8.9 (–13.1 to 90.7)¶**

Umifenovir

–2.68 (–12.1 to 80.2)¶**

τ2/I2

–9.5 (–14.3 to –4.8)

0/0%

109.9 (–205.6 to 425.4)¶**
–70.7 (–458.5 to 317.1)¶**
0/0%

0/0%

0/0%

Note: CI = confidence interval, GRADE = Grading of Recommendations, Assessment, Development and Evaluation.
*Unless indicated otherwise.
†All included estimates are network estimates. Negative values indicate fewer events and positive values indicate more events. Each node estimate is compared against placebo or standard
care. The comparative effectiveness of a treatment on an outcome versus another treatment can be assessed by comparing respective cells. If the network estimate is not presented owing
to lower certainty of the evidence, then direct comparisons need to be made using the network estimates provided in high certainty (very confident that true effect lies close to that of effect
estimate), moderate certainty (moderately confident in effect estimate; the true effect is likely to be close to effect estimate, but there is a possibility that it is substantially different),
low certainty (confidence in the effect estimate is limited; true effect may be substantially different from the effect estimate) or very low certainty: (very little confidence in the effect estimate;
true effect is likely to be substantially different from the effect estimate).
‡GRADE rating = imprecision.
§Does not meet the optimal information size; too few events.
¶GRADE rating = twice for imprecision.
**GRADE rating = risk of bias.
††GRADE rating = inconsistency.

Figure 4: Network estimates of the effects of antiviral medications versus placebo or standard care, presented as risk difference per 1000 patients, with
95% confidence intervals (CIs).

Sofosbuvir–daclatasvir probably increased the risk of
mechanical ventilation compared with standard care or placebo
(11.1 more events per 1000, 95% CI 5.9 fewer to 45.9 more; moderate certainty).

11 fewer to 2.1 more; high certainty) and nirmatrelvir–ritonavir
(9.5 fewer events per 1000, 95% CI 14.3 to 4.8 fewer; high certainty)
did not increase adverse events that led to stopping the drug.

Adverse events that led to stopping the drug

For comparisons of molnupiravir, nirmatrelvir–ritonavir and
remdesivir, we performed within-trial metaregressions of the
effects of age, sex and mild versus moderate severity. For
deaths, 2 remdesivir trials reported on subgroup data for age
and sex but did not find evidence of subgroup effects.29,34 For
hospital admissions, only 1 molnupiravir trial reported withintrial subgroup data and did not find evidence of a subgroup
effect by disease severity, age or sex. 35 We performed a
between-trial subgroup analysis for risk of bias and did not find
evidence that results are different between trials at low versus

Twenty-two trials reported on adverse events that led to stopping the drug, including 7465 patients and 190 events, with a
median follow-up of 29 weeks.3,28,33–35,37,39,42–47,49,50,53,54,56,58,59,66,67
Based on median risk in the placebo and standard care group,
we assumed a baseline risk of 20 events per 1000.
Compared with nirmatrelvir–ritonavir, molnupiravir had similar
rates of adverse events (5.1 more events per 1000, 95% CI 3 fewer
to 13.2 more; moderate certainty). Compared with standard care
or placebo, molnupiravir (4.4 fewer events per 1000, 95% CI
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Avudine

1.00 (0.02–48.8)

Emtricitabine–tenofovir

0.72 (0.30–1.70)

Favipiravir

0.93 (0.23–3.72)

Lopinavir–ritonavir

0.79 (0.32–1.95)

Lopinavir–ritonavir–ribavirin

0.89 (0.02–48.41)

Molnupiravir

0.18 (0.05–0.66)

Nirmatrelvir–ritonavir

0.12 (0.01–1.19)

Remdesivir

0.82 (0.54–1.26)

Resveratrol

1.00 (0.02–49.50)

Ribavirin

0.87 (0.02–46.90)

Ribavirin–sofosbuvir–declatasvir

0.14 (0.01–2.62)

Sofosbuvir–declatasvir

1.11 (0.81–1.52)

Sofosbuvir–ledipasvir

0.95 (0.20–4.44)

Triazavirin

0.33 (0.01–7.82)

Umifenovir

0.80 (0.09–7.03)

Favours
antiviral

Favours placebo
or standard care

Research

Antiviral

Relative risk
(95% CI)

Overall
Heterogeneity: τ2 = 0.00, I2 = 0.00%
0.015

0.12

1

8

Relative risk (95% CI)

Figure 5: Forest plot presenting the network relative risk estimates for risk of death with antiviral drug versus placebo or standard care.

high risk of bias. Appendix 1, Supplement 11 presents the
results of these analyses and Appendix 1, Supplement 12 presents pairwise comparisons for each outcome.

Interpretation
In our comprehensive systematic review and network meta-
analysis addressing the comparative effectiveness of antiviral
drugs for nonsevere COVID-19, we found that molnupiravir and
nirmatrelvir–ritonavir probably reduce risk of death and hospital
admission without increasing adverse events, and that
nirmatrelvir–ritonavir is probably more effective than molnupiravir at reducing risk of hospital admission. Remdesivir may reduce
risk of hospital admission and need for mechanical ventilation
but with low certainty.
Despite limited availability of data on nirmatrelvir–ritonavir,
evidence has consistently shown reductions in hospital admissions and deaths, and the certainty of evidence may increase
with accumulating data.4,5,68
Our review has implications for guideline developers and
health care systems. The United States Food and Drug Administration currently licenses molnupiravir for emergency use, a decision

that has been criticized because of the drug’s potential mutagenic
properties,68 which may increase the risk of cancer and contribute
to the emergence of new SARS-CoV-2 variants.69 Our findings suggest that nirmatrelvir–ritonavir may be superior to molnupiravir
for some outcomes, which has implications for organizations, such
as the WHO, that are in the process of developing recommendations addressing molnupiravir and nirmatrelvir–ritonavir.1 Health
care systems deciding on drug procurement and cost issues need
to consider the relative efficacy of nirmatrelvir–ritonavir over
molnupiravir.
Although we show evidence that nirmatrelvir–ritonavir is
superior to molnupiravir for some outcomes, we have no evidence of the efficacy of combination therapy. Combination therapy may be promising, not only to improve outcomes for
patients but also to reduce the likelihood of resistance. For
example, combination antiretroviral drugs have been effective at
reducing resistance in patients with HIV.70 This is particularly
important given the nonlinear effects of communicable diseases.
Antiviral treatments for COVID-19 were first studied early in
the pandemic, primarily with patients admitted to hospital with
severe and critical COVID-19.71–73 We posit, however, that antiviral
drugs are most useful in nonsevere disease, which is driven by
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viral proliferation, rather than in severe disease, which is primarily driven by an inflammatory response.74,75 Previous reviews
addressing antiviral drugs for all disease severities have found
little-to-no benefit. Because antiviral drugs may be most useful
in nonsevere disease, evidence from this review addresses an
important gap in evidence.
Recently, concerns have been raised about a rebound phenomenon with nirmatrelvir–ritonavir, whereby patients develop
symptoms of COVID-19 after taking the drug. This was addressed
in an advisory statement by the US Centers for Disease Control
and Prevention on May 24, 2022, which recommended continued
use of the drug. A recent study found that rebound occurred in
0.8% of patients, resulted in mild symptoms and did not require
additional COVID-19 therapy.76 Further research is needed to
identify reasons for rebound phenomena, their severity and their
impact on health care systems.
The strengths of this systematic review and network metaanalysis include use of state-of-the-art methods to synthesize and
appraise the evidence. Unlike other reviews that have addressed
antiviral drugs for COVID-19, we focus on nonsevere patients —
patients who are most likely to benefit from antiviral drugs.2
Unlike other treatment options for nonsevere COVID-19 such
as monoclonal antibodies, antiviral drugs can be administered
orally in an outpatient setting. Theoretical considerations suggest that antiviral drugs may be at lower risk of substantial
changes in efficacy in emerging variants than monoclonal antibodies. For example, nirmatrelvir–ritonavir, a protease inhibitor,
is likely to be effective in reducing replication of all SARS-CoV-2
variants that rely on proteases for the viral lifecycle. Conversely,
the extracellular proteins that are targeted by monoclonal anti
bodies are subject to change across SARS-CoV-2 variants.77

Limitations
Our results are limited by a dearth of published data on
nirmatrelvir–ritonavir, currently from only 2 trials (EPIC-HR and
EPIC-SR), the results of which (EPIC-SR) were provided in a press
release.3,67,68 The recently published EPIC-HR trial was terminated
early and thus may be at risk of overestimating benefits.78 We
also currently have insufficient evidence of the effectiveness of
nirmatrelvir–ritonavir for patients who were fully vaccinated
against SARS-CoV-2 or the effect of antiviral drugs among
patients with the Omicron variant. Indeed, the lack of reporting
of variant data is a limitation for all COVID-19 evidence synthesis.
Results from our review for this antiviral are primarily driven by
EPIC-HR, which included only patients who were at high risk of
developing severe disease and patients who were unvaccinated
against SARS-CoV-2.67 Although EPIC-SR — a trial that recruits
patients at standard risk for severe disease — includes vaccinated patients, such patients were required to also have additional risk factors for severe disease. Similarly, data on molnupiravir came from only 3 trials, 2 of which had a combined sample
size of fewer than 100 patients and 1 of which included nearly
1500 patients. Subgroup data on vaccinated patients from this
trial are currently unpublished. To address such limitations, an
update of this review can be done when new, potentially
practice-changing evidence becomes available.
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Although we were rigorous when reviewing citations, including
reviewing large systematic reviews that addressed COVID-19
treatments, it is possible that we missed articles. The Epistemonikos database is relatively new but has been recently validated as
a comprehensive source for COVID-19 articles.9 However, the use
of automated tools and assessment by human reviewers can also
lead to errors in the systematic review process. A further meth
odological limitation is that there were few head-to-head compari
sons of active interventions. Detecting local incoherence requires
both direct and indirect estimates; when few trials directly compare antiviral drugs, tests for local incoherence are less sensitive.
Estimates of absolute effects are dependent on the baseline
risk, which may vary across populations. We encourage clinicians
to consider the anticipated baseline risk in their own patients
when applying this evidence.
Limited data exist on the safety of antiviral drugs (particularly
nirmatrelvir–ritonavir and molnupiravir) for people who are
pregnant and breastfeeding, who are usually excluded from trials, and on long-term follow-up for safety outcomes, such as
mutagenicity of molnupiravir.3,35,46,67,79 No trials have evaluated
the effectiveness of these antiviral drugs for pre- and postexposure prophylaxis.
Although we find compelling evidence supporting the efficacy
of nirmatrelvir–ritonavir, ritonavir is an inhibitor of CYP3A4, an
enzyme responsible for the metabolism of about half of all drugs,
including dexamethasone. Clinicians must remain vigilant for
potential drug interactions.80,81
Both nirmatrelvir–ritonavir and molnupiravir are expensive
and in limited supply, making accessibility in low- and middleincome countries particularly difficult.
To assess the certainty of evidence, we used thresholds based
on a survey of the authors; these are subjective and others may
consider different magnitudes of effect important.
Finally, the evidence of how treatment with antiviral drugs
affects the long-term sequelae of COVID-19, including long
COVID-19, is unclear.

Conclusion
Molnupiravir and nirmatrelvir–ritonavir probably reduce risk of
hospital admission and death among patients with nonsevere
COVID-19. Compared with molnupiravir, nirmatrelvir–ritonavir
probably reduces risk of hospital admission. Data from ongoing
and future trials may improve the certainty of evidence and allow
us to make stronger claims about the comparative efficacy of
antiviral treatments.
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