
Received: 30 September 2022 | Accepted: 22 December 2022

DOI: 10.1002/jmv.28441

R E S E A R CH AR T I C L E

Efficacy and safety of nirmatrelvir/ritonavir (Paxlovid)
for COVID‐19: A rapid review and meta‐analysis

Behnam Amani | Bahman Amani

Department of Epidemiology, School of

Health, Ilam University of Medical Sciences,

Ilam, Iran

Correspondence

Bahman Amani, Department of Epidemiology,

School of Health, Ilam University of Medical

Sciences, Ilam, Iran.

Email: b-amani@alumnus.tums.ac.ir

Abstract

This study aimed to examine the efficacy and safety of nirmatrelvir/ritonavir (Paxlovid)

for coronavirus disease 2019 (COVID‐19). PubMed, Cochrane Library, Web of

Science, medRxiv, and Google Scholar were searched to identify the relevant evidence

up to November 10, 2022. The reference lists of key studies were also scanned to find

additional records. The quality of the studies was evaluated using the Cochrane tools

for assessing the risk of bias. The Comprehensive Meta‐Analysis software version 3.0

was employed for data analysis. Twenty‐three studies involving 314 353 patients

were included in the analysis. The findings of the meta‐analysis showed a significant

difference between the Paxlovid and no‐Paxlovid groups in terms of mortality rate

(odds ratio [OR] = 0.25; 95% confidence interval [CI]: 0.14–0.45), hospitalization rate

(OR = 0.40; 95% CI: 0.24–0.69), polymerase chain reaction negative conversion time

(mean difference [MD] = −2.46; 95% CI: −4.31 to −0.61), and hospitalization or death

rate (OR = 0.17; 95% CI: 0.06–0.46). However, no significant difference was observed

between the two groups in terms of COVID‐19 rebound (OR = 0.84; 95% CI:

0.67–1.04), emergency department visit (OR = 0.75; 95% CI: 0.45–1.24), intensive

care unit admission (OR = 0.37; 95% CI: 0.13–1.01), and adverse events (OR = 2.20;

95% CI: 0.42–11.47). The results of the present study support the efficacy and safety

of Paxlovid in the treatment of patients with COVID‐19. Further research is needed to

investigate the COVID‐19 rebound after Paxlovid treatment.
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1 | INTRODUCTION

Since the outbreak of coronavirus disease 2019 (COVID‐19) caused by

severe acute respiratory syndrome coronavirus‐2 (SARS‑CoV‑2),
various antiviral treatments have been proposed or developed to

treat COVID‐19 patients. Current evidence shows the therapeutic

potential of antiviral agents such as arbidol,1 remdesivir,2 lopinavir/

ritonavir,3 molnupiravir,4,5 and nirmatrelvir/ritonavir (Paxlovid) against

SARS‑CoV‑2 infection.6,7 More recently, two new oral antivirals,

molnupiravir and Paxlovid, have been shown to be promising

treatment options for the treatment of mild to moderate COVID‐19

in patients at risk of hospitalization or progression to severe cases.8

Paxlovid consists of two active drugs, nirmatrelvir and ritonavir, that

are approved by the Food and Drug Administration (FDA) for the

treatment of COVID‐19 patients.9 Nirmatrelvir is an antiviral agent

targeting the SARS‐CoV‐2 3‐chymotrypsin‐like cysteine protease

enzyme, while ritonavir is a CYP3A4 inhibitor and combines with

nirmatrelvir to enhance nirmatrelvir pharmacokinetics.10 Several

studies6–8,11 have suggested that Paxlovid might be effective in

COVID‐19 patients in terms of reducing mortality and hospitalization

rate. However, no comprehensive meta‐analysis has been reported on

the use of Paxlovid in the management of patients infected with
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SARS‑CoV‑2. Therefore, the present study is aimed to evaluate the

efficacy and safety of Paxlovid in the treatment of COVID‐19 patients.

2 | METHODS

The Preferred Reporting Items for Systematic reviews and Meta‐

Analysis‐Rapid Review (PRISMA‐RR) guideline was used to prepare

this research.12

2.1 | Search strategy

PubMed, Cochrane Library, Web of Science, medRxiv, and Google

Scholar were systematically searched to find the relevant evidence

up to November 10, 2022. Moreover, the reference lists of final

studies and systematic reviews were scanned to explore additional

records. No language restriction was applied. The search keywords

included 2019‐novel coronavirus, SARS‐CoV‐2, COVID‐19, 2019‐

nCoV, nirmatrelvir/ritonavir, and Paxlovid. The following search

strategy was utilized to identify the relevant records in PubMed:

((((((((Coronavirus [Title/Abstract]) OR (Coronavirus [MeSH Terms]))

OR (COVID‐19 [Title/Abstract])) OR (SARS‐CoV‐2 [Title/Abstract]))

OR (COVID‐19 [MeSH Terms])) OR (SARS‐CoV‐2 [MeSH Terms])) OR

(2019 novel coronavirus infection [Title/Abstract])) OR (2019‐nCoV

infection [Title/Abstract])) AND ((Paxlovid [Title/Abstract] OR (Nir-

matrelvir/Ritonavir [Title/Abstract])).

2.2 | Study selection

The studies were included in the meta‐analysis if they fulfilled the

following criteria: (1) COVID‐19‐positive patients based on polymer-

ase chain reaction (PCR) test, (2) Paxlovid as the treatment

intervention, (3) any treatment intervention as control, and

(4) efficacy and safety outcomes of interest.

2.3 | Risk of bias assessment

The methodological quality of randomized clinical trial (RCT) was

evaluated using the Cochrane risk of bias tool.13 The risk of bias in

nonrandomized studies of interventions (ROBINS‐I) tool was also

applied to assess the quality of nonrandomized studies.14 The above

steps were conducted by two researchers.

2.4 | Data extraction

The data extraction was independently conducted by two research-

ers using an identical extraction form to extract the following data:

(1) study characteristics (first author, place, year of publication, and

design), (2) patient characteristics (sample size, sex, and mean age),

(3) intervention and control (sample size), (4) efficacy and safety

outcomes (mortality rate, hospitalization rate, hospitalization or death

rate, PCR‐negative conversion time, intensive care unit (ICU)

admission, emergency department (ED) visit, and the incidence of

any adverse events).

2.5 | Evidence synthesis

The Comprehensive Meta‐Analysis software version 3.0 was used to

compare the efficacy and safety of Paxlovid with the no‐Paxlovid

group. The mean difference (MD) and odds ratio (OR) with the 95%

confidence interval (CI) were taken into account to analyze the

continuous and dichotomous variables, respectively. The I2 > 50%

and p < 0.1 values were also considered as high heterogeneity. The

random and fixed‐effect models were used for studies with high and

low heterogeneity, respectively.

3 | RESULT

3.1 | Search result

Figure 1 shows the identification process of the studies. After

removing duplicates, a total of 312 studies were reviewed by title,

abstract, and full text. Finally, 37 studies were eligible for review by

full text. Twenty‐three studies6–8,15–34 involving 314 353 patients

were included in the meta‐analysis. All included studies except one7

were retrospective. The main characteristics of included studies are

presented in Table 1.

3.2 | Risk of bias assessment

The methodological quality of included studies in the meta‐analysis

was acceptable. The results of the risk of bias in the included studies

are shown in Supporting Information: Tables S1 and S2.

3.3 | Efficacy outcomes

3.3.1 | Primary outcomes

3.3.1.1 | Mortality rate

Thirteen studies6–8,17–20,22–25,29,34 involving 298 913 patients were

included in the meta‐analysis. The pooled estimate showed a

significant difference in the mortality rate of Paxlovid‐recieving

patients compared to those who not received Paxlovid (OR = 0.25;

95% CI: 0.14–0.45; p = 0.000) (Figure 2A).

3.3.1.2 | Hospitalization rate

The pooled estimate of 11 studies6,7,17–19,22,27,28,30,32,34 involving

71 675 patients indicated a significant difference in the
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hospitalization rate of Paxlovid‐treated patients and the no‐Paxlovid

group (OR = 0.40; 95% CI: 0.24–0.69; p = 0.001) (Figure 2B).

3.3.1.3 | Hospitalization or death rate

Four studies7,20,22,25 involving 180,318 patients were included in the

meta‐analysis. The pooled estimate revealed a significant difference

in hospitalization or death rate between the two treatment groups

(OR = 0.17; 95% CI: 0.06–0.46; p = 0.000) (Figure 2C).

3.3.1.4 | PCR‐negative conversion time

The pooled estimate of seven studies15,16,19,21,26,31,33 involving 1187

patients showed a significant difference between the Paxlovid and

no‐Paxlovid groups in terms of PCR‐negative conversion time

(MD = −2.46; 95% CI: −4.31 to −0.61; p = 0.009) (Figure 2D).

3.3.2 | Secondary outcomes

3.3.2.5 | COVID‐19 rebound

Three studies16,22,30 involving 13,998 patients were included in the meta‐

analysis. The meta‐analysis findings showed no significant difference

between the Paxlovid and no‐Paxlovid groups in terms of COVID‐19

rebound (OR=0.84; 95% CI: 0.67–1.04, p=0.11) (Figure 3A).

3.3.2.6 | ED visit

Three studies6,18,28 involving 10 775 patients reported the outcome

of ED visits. The result of the meta‐analysis showed no significant

difference between the Paxlovid and no‐Paxlovid groups in terms of

ED visit (OR = 0.75; 95% CI: 0.45–1.24; p = 0.27) (Figure 3B).

3.3.2.7 | ICU admission

The pooled estimate of three studies6,8,24 involving 13 836 patients

showed no significant difference between the two treatment groups

in terms of rate of ICU admission (OR = 0.37; 95% CI: 0.13–1.01;

p = 0.05) (Figure 3C).

3.4 | Safety outcomes

Five studies7,19,28,31,33 involving 2143 patients reported the inci-

dence of adverse events in patients. The pooled analysis showed no

significant difference between the two treatment groups in terms of

F IGURE 1 Preferred Reporting Items for Systematic reviews and Meta‐Analysis flow diagram of the included studies in the meta‐analysis
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the incidence of any adverse events in patients (OR = 2.20; 95% CI:

0.42–11.47; p = 0.34) (Figure 4).

3.5 | Sensitivity and subgroup analyses

A subgroup analysis was carried out for the outcomes of mortality

and hospitalization rate based on the study design and sample size

(Table 2). Furthermore, a sensitivity analysis was conducted to

compare studies with or without propensity score matching (PSM).

The sensitivity analysis revealed no significant change in mortality

rate by studies with PSM (OR = 0.40; 95% CI: 0.31–0.53; p = 0.000)

and studies without PSM (OR = 0.12; 95% CI: 0.22–0.74; p = 0.000).

However, a significant change was detected in hospitalization rate by

studies with PSM (OR = 0.51; 95% CI: 0.25–1.02; p = 0.05) and

studies without PSM (OR = 0.32; 95% CI: 0.10–0.99; p = 0.49)

(Table 2). Moreover, a sensitivity analysis was performed by

excluding Wai's study. The result showed no significant change in

mortality rate (OR = 0.44; 95% CI: 0.37–0.51; p = 0.000).

3.6 | Publication bias

Neither Egger's test (p = 0.38) nor Begg's test (p = 0.06) showed

evidence of publication bias for a pooled estimate of hospitalization

rate. Additionally, no publication bias was detected by Egger's test

(p = 0.06) and Begg test (p = 0.46) for a pooled estimate of mortality

rate. The funnel plots for outcomes of mortality and hospitalization

rate are shown in Supporting Information: Figures S1 and S2,

respectively.

TABLE 1 Characteristics of the included studies

First author Year Place Design
Sample size

Intervention Control (s)Total M F

Aggarwal6 2022 USA OS 8449 3518 4931 Paxlovid No treatment

Cai15 2022 China OS 104 52 52 Paxlovid No treatment

Dai16 2022 USA OS 36 15 21 Paxlovid No treatment

Ganatra18 2022 USA OS 2260 824 1436 Paxlovid No treatment

Gentile19 2022 Italy OS 257 124 133 Paxlovid Molnupiravir

Hammond7 2022 USA RCT 2246 1148 1098 Paxlovid Placebo

Hedvat20 2022 USA OS 103 43 60 Paxlovid No treatment, sotrovimab

Li21 2022 China OS 478 278 200 Paxlovid No treatment

Dryden‐Peterson17 2022 USA OS 30 322 12 356 17.966 Paxlovid No treatment

Qian22 2022 USA OS 704 168 536 Paxlovid Monoclonal antibody,
no treatment

Radcliffe23 2022 USA OS 122 70 52 Paxlovid Sotrovimab, molnupiravir,

mo treatment

Razonable24 2022 USA OS 3607 1501 2106 Paxlovid Bebtelovimab

Schwartz25 2022 Canada OS 177 545 65 346 112.199 Paxlovid No treatment

Shao26 2022 China OS 131 NR NR Paxlovid Lianhuaqingwen

Valentina27 2022 Italy OS 521 271 250 Paxlovid Sotrovimab, molnupiravir, remdesivir

Vora28 2022 USA OS 66 36 30 Paxlovid Sotrovimab, remdesivir

Wai29 2022 China OS 54 355 27 300 27.055 Paxlovid Molnupiravir, no treatment

Wang30 2022 USA OS 13 644 5455 8189 Paxlovid Molnupiravir

Wong 8 2022 Hong Kong OS 17 614 8887 8730 Paxlovid Molnupiravir, no treatment

Yan31 2022 China OS 35 9 26 Paxlovid No treatment

Yip32 2022 Hong Kong OS 93 883 41 656 52.227 Paxlovid No antiviral, molnupiravir

Zhong33 2022 China OS 142 58 84 Paxlovid No treatment

Zhou34 2022 USA OS 13 657 5722 7935 Paxlovid No treatment

Abbreviations: F, female; M, male, NR, not reported; OS, observational study; RCT, randomized clinical trial.
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4 | DISCUSSION

This study is aimed to examine the efficacy and safety of Paxlovid in

the treatment of COVID‐19 patients. The effective and safe

treatment options not only may reduce the mortality and hospital-

ization rate in COVID‐19 patients7 but can also reduce the

unprecedented pressure on the health‐care system during the

COVID‐19 outbreaks.35

The findings of the present meta‐analysis revealed that the

treatment with Paxlovid is associated with a significantly lower

mortality rate in COVID‐19 patients compared to the control. These

findings are in line with the meta‐analysis conducted by Zheng

et al.,36 in which Paxlovid reduced the death rate in COVID‐19

patients.36 Moreover, a meta‐analysis of three new oral antivirals,

molnupiravir, fluvoxamine, and Paxlovid,37 showed that treatment

with Paxlovid was associated with a significantly lower mortality rate

F IGURE 2 Forest plot of Paxlovid versus control for mortality
rate (A), hospitalization rate (B), hospitalization or death rate
(C), PCR negative conversion time (D). CI, confidence interval;
PCR, polymerase chain reaction.

F IGURE 3 Forest plot of Paxlovid versus control for COVID‐19
rebound (A), emergency department visit (B), ICU admission
(C). CI, confidence interval; COVID‐19, coronavirus disease
2019; ICU, intensive care unit.
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in COVID‐19 patients compared to the placebo. Noteworthy, only

one study on the efficacy of Paxlovid was included in Wen's meta‐

analysis.37 According to the present meta‐analysis, Paxlovid treat-

ment significantly reduced the hospitalization rate in patients with

COVID‐19 compared with the control. In line with these results, the

meta‐analysis of seven studies36 found a significant clinical benefit in

the administration of Paxlovid to reduce the hospitalization rate in

COVID‐19 patients compared with those who did not receive

Paxlovid. Moreover, Wen's meta‐analysis37 showed the efficacy of

Paxlovid, molnupiravir, and fluvoxamine in reducing the hospitaliza-

tion rate due to COVID‐19. The present findings also showed a

significantly lower rate of hospitalization or death in COVID‐19

patients treated with Paxlovid as compared with those not receiving

Paxlovid. Data showed a significantly lower hospitalization or death

rate in Paxlovid‐receiving patients compared to placebo,7 sotrovi-

mab,20 and no SARS‐CoV‐2‐specific treatment.20

Some concerns have been recently raised on COVID‐19 rebound

in patients treated with antiviral agents.38 The COVID‐19 rebound is

most frequently reported in patients taking nirmatrelvir/ritonavir

agents.38 However, the present study showed no significant

difference between Paxlovid‐receiving patients and the no‐Paxlovid

groups in terms of the incidence of COVID‐19 rebound. Zheng
F IGURE 4 Forest plot of Paxlovid versus control for any adverse
events. CI, confidence interval.

TABLE 2 Subgroup analysis and sensitivity analysis for efficacy outcomes

Analysis No. of studies Sample size
Point estimate
(95% CI) p Value

Heterogeneity

Q value p Value I2

Sensitivity analysis

Mortality rate by PSM

With PSM 5 213 691 0.40 [0.31, 0.53] 0.000 5.12 0.27 21.98

Without PSM 8 85 226 0.12 [0.22, 0.74] 0.02 20.68 0.000 66.16

Hospitalization rate by PSM

With PSM 5 38 047 0.51 [0.25, 1.02] 0.05 63.17 0.000 93.66

Without PSM 6 33 628 0.32 [0.10, 0.99] 0.49 35.26 0.000 85.82

Mortality rate (excluding Wai's 2022 study) 12 250 699 0.44 [0.37, 0.51] 0.000 12.08 0.35 8.98

Subgroup analysis

Mortality rate by design study

Observational 12 296 828 0.43 [0.37, 0.50] 0.00 29.47 0.000 62.67

RCT 1 2085 0.04 [0.002, 0.67] 0.02 0.00 1.00 0.00

Hospitalization rate by design study

Observational 10 69 590 0.56 [0.49, 0.64] 0.000 83.62 0.000 89.23

RCT 1 2085 0.11 [0.05, 0.24] 0.000 0.00 1.00 0.00

Mortality rate by sample size

<1000 4 994 0.64 [0.15, 2.79] 0.56 1.50 0.68 0.00

1000–5000 3 7472 0.33 [0.22, 0.50] 0.00 2.23 0.32 10.68

>5000 6 290 447 0.44 [0.38, 0.52] 26.48 0.00 0.000 81.12

Hospitalization rate by sample size

<1000 4 1221 0.19 [0.09, 0.42] 0.000 11.77 0.008 74.52

1000–5000 4 6537 0.55 [0.41, 0.72] 0.000 21.99 86.35 10.68

>5000 3 63 917 0.55 [0.47, 0.64] 0.000 59.87 0.000 96.66

Abbreviations: CI, confidence interval; PSM, propensity score matching; RCT, randomized clinical trial.
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et al.36 reported similar findings in their meta‐analysis in which the

incidence of COVID‐19 rebound in the Paxlovid group was similar to

the control group. One cohort study on Paxlovid‐treated high‐risk

COVID‐19 patients showed a low rate of COVID‐19 rebound, which

were mainly mild cases.39

The pooled estimate revealed that the duration of PCR‐

negative conversion time was significantly shorter in Paxlovid‐

treated patients compared to nontreated patients. In comparison

with molnupiravir, Paxlovid treatment led to a shorter duration of

PCR‐negative conversion time in patients with mild‐to‐moderate

COVID‐19.19 The present results showed no significant advan-

tage in the use of Paxlovid in COVID‐19 patients compared to the

no‐Paxlovid group in terms of ICU admission. However, it

effectively declined ED visits in COVID‐19 patients. Stud-

ies23,40–45 demonstrate that patients treated with antiviral agents

were significantly less likely to be admitted to ICU and visit the

ED compared with untreated patients.

The pooled estimate of included studies showed that the

incidence of adverse events was similar in both Paxlovid and no‐

Paxlovid groups. Similar to our results in the present study, a meta‐

analysis found no significant difference between the Paxlovid and

control groups.36 A recently published RCT on nonhospitalized adults

at high risk of progression to COVID‐197 showed less frequency of

Grade 3 or 4 adverse events, serious adverse events, and adverse

events leading to discontinuation in the Paxlovid group compared to

the placebo group. Furthermore, the data of 183 041 patients with

COVID‐19 showed no significant difference between the Paxlovid

and no antiviral treatments in terms of higher risk of abnormal liver

enzymes or DILI.46 The present result was also similar to the meta‐

analysis of adverse events associated with oral antiviral molnupiravir

in terms of the incidence of adverse events in COVID‐19 patients

compared to the control.47

The present study has some important limitations. First, most

studies included in the meta‐analysis are retrospective, making them

prone to bias and confounding. However, some studies used PSM to

reduce selection bias and confounding. Second, various types of

interventions were used as the control group, which can affect the

reported effect size. Third, we could not perform the subgroup meta‐

analysis based on some variables such as COVID‐19 vaccination

status due to insufficient data from these studies. Finally, few studies

reported the adverse events and COVID‐19 rebound that can affect

the effect size.

5 | CONCLUSION

The findings of the present meta‐analysis showed the efficacy of

Paxlovid in reducing mortality rate, hospitalization rate, hospital-

ization or death rate, and PCR‐negative conversion time in

COVID‐19 patients compared to the no‐Paxlovid group. How-

ever, it was not effective in terms of ED visits and ICU admission.

In terms of safety, the incidence of adverse events in Paxlovid‐

receiving was similar to those not receiving Paxlovid. Further

research is needed to investigate the COVID‐19 rebound after

Paxlovid treatment.
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