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Introduction: There are currently some differences in the research results of molnupiravir. This study 

aimed to evaluate the efficacy and safety of molnupiravir in the treatment of COVID-19. 

Methods: PubMed, Embase, CENTRAL (Cochrane Central Register of Controlled Trials), ClinicalTrials.gov, 

ICTRP (International Clinical Trials Registry Platform) and medRxiv were searched to identify relevant 

randomised controlled trials (RCTs) from inception to 1 January 2023. The Cochrane risk of bias tool for 

randomised trials was used to assess the bias risk of the included studies. Revman 5.4 software was used 

for meta-analysis. 

Results: Nine RCTs were included, including 31 573 COVID-19 patients, of whom 15 846 received mol- 

nupiravir. The meta-analysis results showed that the molnupiravir group had a higher proportion in terms 

of clinical improvement (Day 5 RR 2.41, 95% CI 1.18–4.92; Day 10 RR 1.45, 95% CI 1.04–2.01) and real-time 

polymerase chain reaction negativity (Day 5 RR 2.78, 95% CI 1.38–5.62; Day 10 RR 1.18, 95% CI 1.07–1.31). 

However, no significant difference was observed between the two groups in terms of mortality, hospital- 

isation, adverse events and serious adverse events. 

Conclusions: Molnupiravir can accelerate the rehabilitation of COVID-19 patients, but it does not signifi- 

cantly reduce mortality and hospitalisation. 

© 2023 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved. 
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. Introduction 

The COVID-19 (coronavirus disease 2019) pandemic is the 

argest public health event that mankind has faced in the past cen- 

ury and a serious threat to the safety and health of human life 

orldwide [1 , 2] . According to the statistics of the World Health Or- 

anization, as of 11 January 2023, there have been 660.3 million 

onfirmed cases of COVID-19 worldwide and 6.6 million deaths 

ince the outbreak in December 2019 [3] . A study from the UK 

n > 20 0 0 COVID-19 inpatients showed that 29% of the patients 

ully recovered 1 year after COVID-19 infection, and 71% of the pa- 

ients had sequelae. The most common sequelae are fatigue, mus- 

le pain, body slowing, poor sleep and dyspnoea [4] . A study on 

hinese patients showed that 55% of inpatients still had sequelae, 

ncluding fatigue, muscle weakness, dyspnoea and sleep difficulties 

 years after COVID-19 infection. Two years later, the health sta- 

us of COVID-19 patients was significantly lower than that of the 

eneral population [5] . Therefore, it is very important to determine 
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n effective treatment plan for patients with COVID-19 [6] and to 

se antiviral drugs early to alleviate COVID-19-related symptoms, 

hich can improve patients’ COVID-19 sequelae and reduce the 

isk of death and hospitalisation [7] . 

At the initial stage of the outbreak, some broad-spectrum 

ntiviral drugs and drugs targeting other specific viruses—such 

s remdesivir, chloroquine phosphate and favipiravir—played 

n important role in the fight against the epidemic [8] . With 

he deepening understanding of the COVID-19 epidemic and 

ARS-CoV-2, great progress has been made in the research and 

evelopment of oral small molecule drugs for SARS-CoV-2, which 

as made important contributions to the prevention and control 

f the epidemic [9] . At present, the research and development of 

ral small molecule drugs for COVID-19 are mainly 3CLpro (3C-like 

rotease) and RdRp (RNA-dependent RNA polymerase) [10] . Mol- 

upiravir (MK-4482, EIDD-2801), developed by Merck, is a prodrug 

nd oral antiviral drug of β-D-N4 hydroxycytidine [11] . It is an 

dRp inhibitor that was initially used to treat Venezuelan equine 
All rights reserved. 
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ncephalitis virus. It was later found to be effective against coro- 

aviruses that induce severe acute respiratory syndrome, Middle 

ast respiratory syndrome, etc., and converted into anti-SARS- 

oV-2 drugs [12] . Molnupiravir was first listed in the UK on 4 

ovember 2021, and obtained the Food and Drug Administration 

FDA) Emergency Use Authorization (EUA) on 23 December 2021 

or the treatment of COVID-19 [13] . 

Some randomised controlled trials (RCTs) [14 , 15] and real-world 

tudies [7 , 16] have reported the efficacy and safety of molnupiravir 

reatment for COVID-19. However, there are certain differences in 

he reported results. In addition, some studies have systematically 

eviewed molnupiravir treatment for COVID-19 [17–19] . Some 

tudies have previously been published, but with some RCTs that 

iffer from previous research results, the latest research evidence 

s unclear [17] . Limited by the relatively small number of included 

tudies, some studies only carried out meta-analyses on safety 

18] , and some studies only carried out meta-analyses on clinical 

rials in a certain country [19] . Therefore, to provide more rele- 

ant evidence for further clinical application this study aimed to 

ummarise and analyse the efficacy and safety of molnupiravir 

reatment for COVID-19. 

. Methods 

.1. Eligibility criteria 

The Preferred Reporting Items for Systematic Review and Meta- 

nalysis (PRISMA) checklist was followed in this study [20] . The 
Fig. 1. Flow chart of s

2 
ollowing screening criteria were used: P, patients with confirmed 

OVID-19 by PCR test; I, molnupiravir as intervention; C, placebo 

r usual care as control; O, efficacy and safety for COVID-19 pa- 

ients; and S, RCTs. 

.2. Search strategy and literature screening 

The literature was retrieved from PubMed, Embase, CENTRAL 

Cochrane Central Register of Controlled Trials), ClinicalTrials.gov, 

CTRP (International Clinical Trials Registry Platform) and medRxiv 

rom inception up to 1 January 2023. The following search terms 

ere used: “COVID-19”, “SARS-CoV-2”, “molnupiravir” and “ran- 

omized controlled trial”. All search strategies were developed and 

mplemented independently by two investigators and then cross- 

hecked. A sample of the search strategy based on PubMed is 

isted in Appendix 1. The RCTs included in this study were divided 

nto two categories: RCTs that have been published or have not 

een published but have research results; and RCTs that are cur- 

ently in progress. Reference lists of identified studies were also 

earched to avoid missing potentially relevant studies. After using 

ndNote X7 to screen duplicates, the two researchers read the title 

nd abstract of these articles back-to-back for preliminary screen- 

ng and further read the full text that initially met the inclusion 

riteria to determine whether they were finally included. When 

he two researchers disagreed, the third researcher made the fi- 

al decision. The protocol was registered with the International 

rospective Register of Systematic Reviews (PROSPERO Code No: 

RD42023388502). 
tudy selection. 
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Fig. 2. Summary of risk of bias assessment in the meta-analysis. 
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.3. Data extraction 

The following data were extracted from each included study 

nd consisted of three parts: (1) the basic characteristics of the in- 

luded studies, including the first author, publication year, clinical 

rial registration number, phase of clinical trials, centre, study pop- 

lation, group information, age range and sample size; (2) outcome 

o assess the efficacy and safety of molnupiravir, such as mortality, 

ospitalisation, clinical improvement, real-time polymerase chain 

eaction (RT-PCR) negativity, adverse events and serious adverse 

vents; and (3) quality of the included studies assessed by the 

ochrane Collaboration’s tool for assessing risk of bias [21] . 

.4. Statistical analysis 

Meta-analysis was performed based on Review Manager 5.4 

oftware (PROSPERO Code No: CRD42023388502). Outcomes were 

alculated by risk ratio (RR) and 95% confidence intervals (CI). The 

 statistic test and I 2 test were used to test the heterogeneity be- 

ween studies. When there was statistical heterogeneity, owing to 

he anticipated heterogeneity of the included studies, a random- 

ffects model was used to estimate effect sizes, which provided 

ore conservative estimates of the 95% CIs [22 , 23] . If there was no

tatistical heterogeneity between studies, the fixed effects model 

as used. A sensitivity analysis of the study was performed to ex- 

mine the robustness of the results. 

. Results 

.1. Study selection 

Through searching relevant databases, a total of 291 studies 

ere conducted, including 45 studies from PubMed, 18 studies 

rom Embase, 41 studies from CENTRAL, 55 ongoing clinical studies 

rom ClinicalTrials.gov and ICTRP, and 132 studies from medRxiv, 

 preprint system of articles. After 46 duplicate studies were ex- 

luded, 245 studies were screened by the titles and abstracts, 

nd 212 studies were excluded. Furthermore, 23 studies were 

creened out after reading the full texts. Therefore, nine studies 

24–32] were included in the meta-analysis ( Fig. 1 ; Table 1 ). The 

ata of six ongoing trials were also collected ( Fig. 1 ; Table 2 ). 

.2. Study characteristics 

Nine RCTs [24–32] with a total of 31 573 participants were in- 

luded for analysis. Of these, 15 846 patients were allocated to re- 

eive molnupiravir treatment regimens. All studies have disclosed 

rotocols on the clinical trial registration website, of which eight 

re multicentre studies [24–31] and one is a single-centre study 

32] . The study population mainly focused on patients with mild 

r moderate COVID-19. Patients in two studies received 200 mg, 

00 mg or 800 mg of molnupiravir or placebo [24 , 25] , and pa-

ients in the other seven studies received 800 mg of molnupiravir 

r placebo [26–32] ( Table 1 ). The quality of the included studies 

s shown in Fig. 2 . The overall quality of the study was relatively

igh. There were nearly six ongoing RCTs with molnupiravir reg- 

stered with ClinicalTrials.gov or ICTRP; details of these RCTs are 

hown in Table 2 . 

.3. Meta-analysis of efficacy 

Seven RCTs reported the incidence of mortality [24–28 , 30 , 31] 

nd eight RCTs reported the incidence of hospitalisation [24–31] . 

he mortality of the subgroup receiving molnupiravir treatment at 

00 mg (0.03%; four of 14 929) was lower than that of the con- 

rol group (0.11%; 16 of 15 097). There was no significant differ- 

nce between the administration of molnupiravir at doses of 200 
3 
g (RR 0.54, 95% CI 0.06–5.08; P = 0.59), 400 mg (RR 0.33, 95% 

I 0.03–3.10; P = 0.33) and 800 mg (RR 0.35, 95% CI 0.12–0.99; 

 = 0.05) compared with the control. The hospitalisation of COVID- 

9 patients in the intervention groups who received molnupiravir 

reatment was 1.02% (200 mg subgroup, one of 98), 3.60% (400 mg 

ubgroup, five of 139) and 1.10% (800 mg subgroup, 171 of 15 532), 

hich were lower than that in the control group. There was no sig- 

ificant difference between the two groups (200 mg subgroup, RR 

.37, 95% CI 0.06–2.21; P = 0.28; 400 mg subgroup, RR 0.95, 95% 

I 0.27–3.32; P = 0.28; 800 mg subgroup, RR 0.69, 95% CI 0.47–

.01; P = 0.06) ( Fig. 3 ). On sensitivity analysis, after removing the 

argest study by Butler et al. [28] , there was a significant difference 

etween the two groups of hospitalisation, suggesting that these 

esults should be interpreted with caution. 

Four RCTs reported clinical improvement [28–31] and five RCTs 

eported RT-PCR [24 , 29–32 ]. After receiving molnupiravir treat- 

ent for 5 or 10 days, the clinical improvement (Day 5, RR 2.41, 

5% CI 1.18–4.92; P = 0.02; Day 10, RR 1.45, 95% CI 1.04–2.01; 

 = 0.03) and RT-PCR negativity rate (Day 5, RR 2.78, 95% CI 1.38–

.62; P = 0.004; Day 10, RR 1.18, 95% CI 1.07–1.31; P = 0.001) were

ignificantly higher in the intervention group than in the control 

roup. However, there was no significant difference between the 

wo groups after receiving molnupiravir treatment for 14 (clinical 

mprovement: RR 1.02, 95% CI 0.93–1.12; P = 0.65; RT-PCR nega- 

ivity: RR 1.07, 95% CI 0.97–1.18; P = 0.19) or 28 days (clinical im- 

rovement: RR 1.03, 95% CI 0.77–1.37; P = 0.85) compared with 

he control ( Fig. 3 ). 
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Table 1 

Characteristics of the included published studies. 

Article Clinical trials 

registration 

Phase Centre Study population Intervention group Control 

group 

Age range Sample size 

Intervention 

group 

Control 

group 

Fischer et al. 2022 

[24] 

NCT04405570 2a Multicentre Non-hospitalised 

with COVID-19 

Molnupiravir 

200/400/800 mg, 

twice daily for 5 

days 

Placebo ≥ 18 years 23/62/55 62 

Caraco et al. 2021 

[25] 

NCT04575597 2/3 Multicentre Non-hospitalised 

with COVID-19 

Molnupiravir 

200/400/800 mg, 

twice daily for 5 

days 

Placebo ≥ 18 years 75/77/76 74 

Jayk et al. 2022 

[26] 

NCT04575597 3 Multicentre Non-hospitalised 

adults with 

mild-to-moderate 

COVID-19 

Molnupiravir 800 

mg, twice daily for 5 

days 

Placebo ≥ 18 years 716 717 

Khoo et al. 2022 

[27] 

NCT04746183 2 Multicentre Non-hospitalised 

adults with 

mild-to-moderate 

COVID-19 

Molnupiravir 800 

mg, twice daily for 5 

days 

Placebo ≥ 18 years 90 90 

Butler et al. 2022 

[28] 

ISRCTN30448031 NR Multicentre Patients with 

COVID-19 

Molnupiravir 800 

mg, twice daily for 5 

days + usual care 

Usual care ≥ 18 years 12 774 12 934 

Optimus et al. 

2022 [29] 

CTRI/2021/06/033992 3 Multicentre Patients with mild 

COVID-19 

Molnupiravir 800 

mg, twice daily for 5 

days + usual care 

Usual care Aged 18–60 

years 

603 599 

Tippabhotla et al. 

2022 [30] 

CTRI/2021/07/034588 3 Multicentre Non-hospitalised 

with mild COVID-19 

Molnupiravir 800 

mg, twice daily for 5 

days + usual care 

Usual care Aged 18–60 

years 

610 610 

Sinha et al. 2022 

[31] 

CTRI/2021/05/033739 3 Multicentre Patients with mild 

COVID-19 

Molnupiravir 800 

mg, twice daily for 5 

days 

Placebo Aged 18–60 

years 

608 610 

Zou et al. 2022 

[32] 

ChiCTR2200056817 NR Single-centre Patients with 

mild-to-moderate 

COVID-19 

Molnupiravir 800 

mg, twice daily for 5 

days + usual care 

Usual care Aged 18–80 

years 

77 31 

NR, not reported 

Table 2 

Characteristics of included ongoing studies. 

Clinical trials registration Status Phase Centre Location Intervention Control Age range Sample size 

NCT05459532 Recruiting 3 Multicentre South Africa Molnupiravir 800 mg 

every 12 hours for 5 

days 

Placebo ≥ 50 years 4000 

IRCT20210901052358N1 Pending 3 Single centre Iran Molnupiravir 800 mg 

every 12 hours for 5 

days 

Placebo ≥ 18 years 60 

CTRI/2021/08/035424 Not yet 

recruiting 

3 Single centre India Molnupiravir 1600 mg 

every 12 hours for 5 

days 

Standard of 

care therapy 

≥ 18 years 100 

IRCT20210914052480N2 Recruiting 2/3 Single centre Iran Molnupiravir 200 mg 

every day for 5 days 

Placebo ≥ 18 years 500 

CTRI/2021/05/033736 Not yet 

recruiting 

2/3 Single centre India Molnupiravir 800 mg 

every 12 hours for 5 

days 

Standard of 

care therapy 

Aged 18–60 

years 

1282 

PER-055-21 Not yet 

recruiting 

3 Multicentre International Molnupiravir 800 mg 

every 12 hours for 5 

days 

Placebo ≥ 18 years 1332 

3

a

a

t

d
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y
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.4. Meta-analysis of safety 

Eight RCTs reported adverse events [24–27,29–32] and serious 

dverse events [ 24–28 , 30–32 ]. The incidence of adverse events 

nd serious adverse events in COVID-19 patients in the interven- 

ion groups who received molnupiravir 800 mg twice daily for 5 

ays of treatment was 16.51% (468 of 2835) and 0.70% (105 of 15 

06), respectively, which was lower than that in the control group 

17.19%, 480 of 2793; 0.79%, 120 of 15 128). There was no signif- 

cant difference in terms of safety between the administration of 

olnupiravir at doses of 200 mg (adverse events: RR 1.17, 95% CI 

.63–2.16; P = 0.62; serious adverse events: RR 0.37, 95% CI 0.06–
 v

4

.21; P = 0.28), 400 mg (adverse events: RR 0.84, 95% CI 0.50–

.42; P = 0.52; serious adverse events: RR 1.58, 95% CI 0.23–10.84; 

 = 0.64) and 800 mg (adverse events: RR 0.99, 95% CI 0.88–

.12; P = 0.91; serious adverse events: RR 0.88, 95% CI 0.68–1.13; 

 = 0.32) compared with the control ( Fig. 3 ). On sensitivity anal-

sis, there was a significant difference between the two groups in 

afety outcomes, suggesting that these results were robust. 

. Discussion 

Molnupiravir showed antiviral activity against SARS-CoV-2 in 

itro and in clinical trials [24 , 32] . Molnupiravir was approved 
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Fig. 3. Forest plot of the comparison of efficacy and safety between molnupiravir treatment and control. (A) Mortality. (B) Hospitalisation. (C) Clinical improvement. (D) 

RT-PCR negativity. (E) Adverse events. (F) Serious adverse event. 
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y the National Medical Products Administration of China for 

mergency review on 30 December 2022. Molnupiravir has been 

pproved for import registration for the treatment of mild-to- 

oderate COVID-19 patients with advanced severe high-risk fac- 

ors, such as advanced age, obesity or overweight, chronic kidney 

isease, diabetes, severe cardiovascular disease, chronic obstructive 

ulmonary disease, and severe high-risk factors such as active 

ancer. It was officially launched on 13 January 2022, becoming 

he third small molecule oral drug for COVID-19 in mainland 

hina after nirmatrelvir-ritonavir (Paxlovid) and azvudine. The 
5 
ational Institutes of Health COVID-19 Treatment Guidelines Panel 

ecommends using molnupiravir 800 mg orally twice daily for 5 

ays as an alternative therapy in non-hospitalised patients aged ≥
8 years with mild-to-moderate COVID-19 who are at high risk of 

isease progression only when nirmatrelvir-ritonavir and remde- 

ivir are unavailable, feasible to use or clinically appropriate [33] . 

he National Health Commission of the People’s Republic of China 

eleased the Scheme for Diagnosis and Treatment of SARS-CoV-2 

10th Trial Edition) on 6 January 2023. Compared with the 9th 

dition of the diagnosis and treatment plan previously released, in 
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ddition to nirmatrelvir-ritonavir, monoclonal antibody, intra- 

enous injection of human immunoglobulin and convalescent 

lasma, the antiviral treatment content added molnupiravir. It 

s mentioned in the plan that the applicable population of mol- 

upiravir is adult patients with mild and moderate disease within 

 days of onset and high-risk factors for progression to severe 

isease by using molnupiravir 800 mg twice daily for 5 days [34] . 

Efficacy is an important indicator of molnupiravir treatment for 

OVID-19. It is noteworthy that the current study showed that 

hree different doses of molnupiravir could not effectively improve 

he morality of patients with COVID-19 compared with the con- 

rol group. Compared with the other two doses of molnupiravir, 

he use of molnupiravir 800 mg twice daily for 5 days was more 

ffective in reducing mortality. The results of this study were sim- 

lar to those of another meta-analysis [17] . Another meta-analysis 

howed that molnupiravir did not significantly reduce mortality in 

OVID-19 patients with high coverage of COVID-19 vaccine [35] . 

oreover, molnupiravir demonstrated similar clinical outcomes to 

irmatrelvir-ritonavir [36] . The hospitalisation rate of patients re- 

eiving molnupiravir treatment decreased; however, it still has no 

enefit in improving the hospitalisation of patients with COVID-19. 

he result of hospitalisation was different to another meta-analysis 

17] . This was similar to the results of Butler et al. [28] but differ-

nt from the results of Jayk et al. [26] . The study by Jayk et al.

s a phase 3 clinical study with a small sample size. The study 

y Butler et al. is a real-world study with a larger sample size. 

ompared with the former, the latter often reflects the real clin- 

cal effect of drugs. In the Butler et al. study, 99% of patients with

OVID-19 received at least one dose of the COVID-19 vaccine and 

4% received three or more doses of the COVID-19 vaccine, which 

ndicates that taking molnupiravir for people who received three 

oses of the COVID-19 vaccine cannot effectively reduce the hospi- 

alisation rate related to COVID-19; however, it can effectively re- 

uce the in-hospital disease progression and in-hospital death of 

atients after admission [7] . 

Molnupiravir can significantly increase the proportion of pa- 

ients with improved clinical symptoms and achieve excellent clin- 

cal results in COVID-19 patients in the early stages. In terms of 

nhibiting COVID-19, it can inhibit the activity of COVID-19 and in- 

rease the proportion of RT-PCR negativity; therefore, it is better to 

se molnupiravir in the early stages of infection with SARS-CoV-2. 

his is mainly because molnupiravir acts through RdRp to induce 

he production of the SARS-COV-2 wrong mutation, thus inhibit- 

ng the replication of ARS-COV-2. In the initial stages of infection, 

he virus replicates a lot, so the application of molnupiravir has 

he best effect during this period. Therefore, the window period for 

ost antiviral drugs is 5 days after the symptoms first appear, and 

t is ineffective to use such drugs as the disease progresses. A clin- 

cal study found that half of COVID-19 infections can be detected 

ithin 5 days after symptoms appear [37] . Such a short window 

as become a major defect in the use of such drugs. The cur- 

ent study found that patients who received molnupiravir within 

0 days still had better clinical improvement and RT-PCR negativ- 

ty. Further real-world studies are needed to confirm whether mol- 

upiravir has better long-term clinical effects than other drugs. 

In terms of safety, molnupiravir had no significant difference 

rom the control group in adverse events or series of adverse 

vents, which indicates that molnupiravir has good safety. The 

ost common adverse effects of molnupiravir are diarrhoea, nau- 

ea and dizziness. However, some researchers have raised persis- 

ent concerns about the RNA mutation ability of molnupiravir, that 

s: it will cause mutations in the patient’s own genetic material, 

hich may lead to cancer or congenital defects [38] . This needs 

urther exploration in follow-up research. Based on in vitro studies, 

either molnupiravir nor its active metabolite NHC are inhibitors 

r inducers of major drug metabolising enzymes or inhibitors of 
6

ajor drug transporters. According to the EUA, no drug–drug in- 

eractions have been identified for molnupiravir. 

It is believed that this study is the first meta-analysis on the 

fficacy of treatment in patients with COVID-19. Previous research 

nly conducted related meta-analyses focused on the safety or 

opulation in a certain country. In addition, this study used high- 

uality papers published in reputable publications and conducted 

igorous quality assessment procedures to reduce the occasional 

ias. Strict and practical inclusion criteria were also applied in 

his meta-analysis, and only randomised clinical studies were in- 

luded for a full evaluation of the efficacy and safety of molnupi- 

avir treatment for COVID-19. However, this study also had some 

imitations. There are still few real-world studies that could be in- 

luded. Some data on the efficacy of molnupiravir on COVID-19 pa- 

ients in clinical practice are still lacking, and there was a large 

ap in the sample size, outcome indicators and population of RCTs 

n this study. Due to the lack of quality, this study was unable to 

erform subgroup analysis based on risk factors such as older age 

nd vaccination status, which may have affected the precision of 

he final results. Therefore, the efficacy and safety of molnupiravir 

reatment for COVID-19 still require large and high-quality studies 

or further confirmation. 

. Conclusion 

Molnupiravir can accelerate the clinical improvement and RT- 

CR negativity rate of COVID-19 patients, but it does not signifi- 

antly reduce mortality and hospitalisation. The safety outcomes 

ndicated that molnupiravir has good safety. Further large-scale 

tudies are required to validate these findings. 
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