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Real-world effectiveness of molnupiravir and nirmatrelvir 
plus ritonavir against mortality, hospitalisation, and in-
hospital outcomes among community-dwelling, ambulatory 
patients with confirmed SARS-CoV-2 infection during the 
omicron wave in Hong Kong: an observational study
Carlos K H Wong , Ivan C H Au, Kristy T K Lau, Eric H Y Lau, Benjamin J Cowling, Gabriel M Leung

Summary
Background Little is known about the real-world effectiveness of oral antivirals against the SARS-CoV-2 omicron 
(B.1.1.529) variant. We aimed to assess the clinical effectiveness of two oral antiviral drugs among community-
dwelling COVID-19 outpatients in Hong Kong.

Methods In this observational study, we used data from the Hong Kong Hospital Authority to identify an unselected, 
territory-wide cohort of non-hospitalised patients with an officially registered diagnosis of SARS-CoV-2 infection 
between Feb 26 and June 26, 2022, during the period in which the omicron subvariant BA.2.2 was dominant in 
Hong Kong. We used a retrospective cohort design as primary analysis, and a case-control design as sensitivity 
analysis. We identified patients with COVID-19 who received either molnupiravir (800 mg twice daily for 5 days) 
or nirmatrelvir plus ritonavir (nirmatrelvir 300 mg and ritonavir 100 mg twice daily for 5 days, or nirmatrelvir 
150 mg and ritonavir 100 mg if estimated glomerular filtration rate was 30–59 mL/min per 1·73 m²). Outpatient 
oral antiviral users were matched with controls using propensity score (1:10) according to age, sex, date of SARS-
CoV-2 infection diagnosis, Charlson Comorbidity Index score, and vaccination status. Study outcomes were death, 
COVID-19-related hospitalisation, and in-hospital disease progression (in-hospital death, invasive mechanical 
ventilation, or intensive care unit admission). Hazard ratios (HRs) were estimated by Cox regression for the 
primary analysis, and odds ratios in oral antiviral users compared with non-users by logistic regression for the 
sensitivity analysis.

Findings Among 1 074 856 non-hospitalised patients with COVID-19, 5383 received molnupiravir and 6464 received 
nirmatrelvir plus ritonavir in the community setting. Patients were followed up for a median of 103 days in the 
molnupiravir group and 99 days in the nirmatrelvir plus ritonavir group. Compared with nirmatrelvir plus ritonavir 
users, those on molnupiravir were older (4758 [85·9%] vs 4418 [88.7%] aged >60 years) and less likely to have been 
fully vaccinated (1850 [33·4%] vs 800 [16·1%]). Molnupiravir use was associated with lower risks of death 
(HR 0·76 [95% CI 0·61–0·95]) and in-hospital disease progression (0·57 [0·43–0·76]) than non-use was, whereas 
risk of hospitalisation was similar in both groups (0·98 [0·89–1·06]). Nirmatrelvir plus ritonavir use was associated 
with lower risks of death (0·34 [0·22–0·52]), hospitalisation (0·76 [0·67–0·86]), and in-hospital disease progression 
(0·57 [0·38–0·87]) than non-use was. We consistently found reduced risks of mortality and hospitalisation associated 
with early oral antiviral use among older patients. The findings from the case-control analysis broadly supported 
those from the primary analysis.

Interpretation During Hong Kong’s wave of SARS-CoV-2 omicron subvariant BA.2.2, among non-hospitalised patients 
with COVID-19, early initiation of novel oral antivirals was associated with reduced risks of mortality and in-hospital 
disease progression. Nirmatrelvir plus ritonavir use was additionally associated with a reduced risk of hospitalisation.

Funding Health and Medical Research Fund, Health Bureau, Government of Hong Kong Special Administrative 
Region, China.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
Oral antiviral drugs including molnupiravir and 
nirmatrelvir plus ritonavir are novel options for treating 
adults with COVID-19, which have been shown in clinical 
trials of unvaccinated patients before the emergence of 

the SARS-CoV-2 omicron (B.1.1.529) variant to reduce 
hospitalisation and mortality.1–3 Little evidence exists from 
contemporary real-world conditions.2,4 Clinical trials, 
including the MOVe-OUT study,1 done in 20 countries, 
have shown that early administration of molnupiravir to 
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non-hospitalised patients with mild-to-moderate 
COVID-19 accelerates viral clearance and reduces the 
relative risk of hospitalisation or mortality by 30%.1,5 

According to the global EPIC-HR trial, nirmatrelvir plus 
ritonavir reduced the rates of hospitalisation and mortality 
by 89% when the drug was initiated within 3 days of 
symptom onset, and consistently by 88% if initiated within 
5 days of symptom onset, in non-hospitalised patients with 
mild-to-moderate COVID-19 who were at risk of 
progression to severe disease.6

Although both oral antivirals have been authorised for 
the treatment of non-hospitalised patients with mild-to-
moderate COVID-19, observational evidence investiga-
ting their real-world effectiveness is scarce.7–10 In 
particular, the original trials were done mostly during 
the delta (B.1.617.2) wave, whereas their effectiveness 
against omicron and its subvariants remains unknown 
in different COVID-19 patient populations. Here, we 
assessed the clinical effectiveness of molnupiravir and 
nirmatrelvir plus ritonavir among community-dwelling 
COVID-19 outpatients in Hong Kong during the 
pandemic wave of SARS-CoV-2 omicron subvariant 
BA.2.2 in January to June, 2022.

Methods
Study design and data sources
We did a territory-wide observational study in non-
hospitalised people, aged 18 years or older, with 
confirmed SARS-CoV-2 infection in Hong Kong, during 
the omicron wave. This fifth wave of the pandemic in 
Hong Kong has been reported to have been dominated 
by the omicron sublineage BA.2.2 in January to 
June, 2022.11

We analysed the electronic medical records of patients 
with confirmed SARS-CoV-2 infection (defined by 
laboratory-confirmed positive RT-PCR test, or positive 
rapid antigen test) from the Hong Kong Hospital 
Authority, a statutory provider of public inpatient services 
and primary public outpatient services in Hong Kong. 
We retrieved data on demographic characteristics, dates 
of registered deaths, hospital admissions, emergency 
depart ment visits, diagnoses, prescription and drug 
dispensing records, procedures, laboratory tests, and 
COVID-19 vaccination records. The database has been 
widely used for observational cohort studies to investigate 
the effectiveness of drug treatments for COVID-19 at a 
population level.12,13

Research in context

Evidence before this study
Oral antivirals have been used in non-hospitalised patients with 
COVID-19 to reduce the risks of hospitalisation and death, and 
hence to reduce the burden on health-care systems. We 
searched Scopus and PubMed for studies published before 
Aug 4, 2022, using the search terms “SARS-CoV-2 OR 
COVID-19” AND “molnupiravir OR Lagevrio OR EIDD-2801” OR 
“nirmatrelvir OR Paxlovid OR PF-07321332”. Major studies 
examining the outpatient use of molnupiravir and nirmatrelvir 
plus ritonavir are MOVe-OUT and EPIC-HR trials. Both were 
done in unvaccinated, non-hospitalised patients with mild-to-
moderate COVID-19, who were at risk of progression to severe 
disease, during a pandemic wave of the SARS-CoV-2 delta 
(B.1.617.2) variant. Early initiation of molnupiravir or 
nirmatrelvir plus ritonavir within 5 days of symptom onset has 
been associated with a relative risk reduction of hospitalisation 
or death by 30% for molnupiravir and 88% for nirmatrelvir plus 
ritonavir. A few observational studies have also shown similar 
clinical benefits in non-hospitalised patients infected with the 
omicron (B.1.1.529) variant. Understanding of the real-world 
effectiveness of oral antivirals is urgently needed to inform their 
clinical use in patients with COVID-19, considering patients’ 
vaccination status and the circulating variant of concern.

Added value of this study
To the best of our knowledge, this is one of the first real-world 
studies exploring the clinical use of oral antivirals during a 
pandemic wave dominated by the SARS-CoV-2 omicron 
variant. We did a territory-wide, retrospective cohort study to 
examine the effectiveness of molnupiravir and nirmatrelvir plus 

ritonavir in community-dwelling patients with COVID-19. Risk 
of all-cause death was reduced by 24% with molnupiravir and 
by 66% with nirmatrelvir plus ritonavir initiated within 5 days 
of symptom onset, compared with not using any oral antivirals. 
Nirmatrelvir plus ritonavir use was also associated with 
a reduced risk of COVID-19-related hospitalisation by 24%. 
We consistently found reduced risks of death and 
hospitalisation associated with early oral antiviral use among 
older patients. Both oral antivirals were effective in reducing 
the risk of in-hospital death. Intriguingly, the need for invasive 
ventilation was reduced among molnupiravir users compared 
with that among matched controls.

Implications of all the available evidence
Guidelines prioritise nirmatrelvir plus ritonavir use over 
molnupiravir in community-dwelling patients with COVID-19 
who are at high risk of hospitalisation or progression to severe 
disease, should the nirmatrelvir plus ritonavir be accessible and 
clinically appropriate.This study shows real-world effectiveness 
of oral antivirals in reducing the mortality risk of community-
dwelling patients with COVID-19, consisting mostly of older 
patients and those who had not been fully vaccinated. These 
data extend the evidence from clinical trials of those infected 
with the delta variant and who were at risk of severe COVID-19 
from being overweight. Several clinical trials (eg, RECOVERY 
and PANORAMIC) and observational studies of the two oral 
antivirals are ongoing, and further research is needed to 
confirm our results in other patient populations and health-
care settings.
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Patients who had confirmed SARS-CoV-2 infection from 
Feb 26 to June 26, 2022, were eligible. Molnupiravir was 
locally available for prescription from Feb 26, 2022, and 
nirmatrelvir plus ritonavir from March 16, 2022. According 
to clinical management guidelines for COVID-19 from the 
Hong Kong Hospital Authority (appendix 2 p 11),14 patients 
who (1) had mild symptoms, (2) were at risk of progressing 
to severe disease (ie, with diabetes, obesity with body-
mass index ≥30 kg/m², aged ≥60 years, in an immuno-
compromised state, with underlying chronic illnesses, or 
not fully vaccinated), and (3) at early stage of disease 
(within 5 days of symptom onset) were recommended to 
receive molnupiravir or nirmatrelvir plus ritonavir. Later 
versions (since March 21, 2022, well after the wave peak) 
of the guidelines also added that nirmatrelvir plus 
ritonavir should be preferentially administered over 
molnupiravir, unless the patient was on any concomitant 
medic ations contraindicated for nirmatrelvir plus ritonavir. 
We excluded patients who were younger than 18 years, 
admitted to hospital before the SARS-CoV-2 infection 
diagnosis, dead on or before the SARS-CoV-2 infection 
diagnosis, or residents in residential care homes for the 
elderly. We excluded patients with drug contraindications 
to nirmatrelvir plus ritonavir (ie, use of amiodarone, 
apalutamide, enzaluta mide, lumacaftor plus ivacaftor, 
ivosidenib, rifampicin, rifapen tine, carbamazepine, 
St John’s Wort [Hypericum perforatum], primidone, 
phenobarbital, or phenytoin in the 6 months 
before baseline), severe renal impairment 15 (estimated 
glomerular filtration rate [eGFR] <30 mL/min per 1·73 m², 
dialysis, or renal transplantation), or severe liver 
impairment15 (cirrhosis, hepatocellular carcinoma, or 
liver transplantation) at baseline to further mitigate 
confounding by indication as much as possible. We also 
excluded those who were initiated on oral antivirals more 
than 5 days since symptom onset from the analysis.

Procedures
We used the retrospective cohort study design as 
primary analysis, and case-control study design as 
sensitivity analysis for internal validation. Oral antiviral 
users were allocated to the molnupiravir group (800 mg 
twice daily for 5 days) or the nirmatrelvir plus ritonavir 
group (nirmatrelvir 300 mg and ritonavir 100 mg 
twice daily for 5 days, or nirmatrelvir 150 mg and 
ritonavir 100 mg if eGFR was 30–59 mL/min per 1·73 m²) 
on the basis of their drug prescription and dispensing 
records. The index date within the cohort study was 
defined as the date of confirmed SARS-CoV-2 infection 
or symptom onset, whichever occurred earlier. The 
control cohort was selected from patients with 
confirmed SARS-CoV-2 infection before admission, and 
those who did not receive oral antiviral drugs in the 
outpatient setting during the observational period. 
Treatment cohorts were matched with the control cohort 
using the propensity score in a ratio of 1:10. We observed 
patients from the index date to death, outcome event 

occurrence, crossover of oral antiviral treatment, or the 
end of observational period (July 3, 2022), whichever 
came first.

Within the case-control study design, patients with 
COVID-19 received molnupiravir or nirmatrelvir plus 
ritonavir treatment in the outpatient setting before the 
reference date, which was the date of outcome events for 
cases and 28 days after the SARS-CoV-2 infection 
diagnosis for controls. Up to ten control patients were 
randomly matched with each patient with COVID-19 
according to age (within the same year), sex, date of 
SARS-CoV-2 infection diagnosis (within the same date), 
Charlson Comorbidity Index score, and full SARS-CoV-2 
vaccination (with at least two doses of BNT162b2 [Fosun–
BioNTech] or three doses of CoronaVac [Sinovac]13).

Our study followed STROBE guidelines. This study 
was approved by the institutional review board of the 
University of Hong Kong and Hospital Authority 
Hong Kong West Cluster (UW 20-493). Given the 
extraordinary nature of the COVID-19 pandemic, 
individual patient-informed consent was not required for 
this retrospective cohort study using anonymised data.

Outcomes
Outcomes of the cohort study were (1) all-cause mortality, 
(2) hospital admission due to COVID-19, (3) a composite 
outcome of in-hospital disease progression (in-hospital 
mortality, invasive mechanical ventilation [IMV], or 
intensive care unit [ICU] admission), and (4) individual 
in-hospital outcomes (in-hospital death, IMV initiation, 
and ICU admission).

The case-control study measured the same first three 
outcomes as in the cohort study. For the outcome of all-
cause death, we defined cases as patients who died and 
controls as those who did not die within 28 days of 
confirmed SARS-CoV-2 infection during the observation 
period. For the outcome of COVID-19-related hospitali-
sation, cases were defined as patients admitted to hospital 
as a result of COVID-19 within 28 days of confirmed 
SARS-CoV-2 infection, and controls were defined as 
those without hospital admission within 28 days after the 
diagnosis. Only the first hospital admission after the 
diagnosis was used if a patient had multiple hospital 
admissions. The composite in-hospital outcome applied 
similar case and control definitions.

Statistical analysis
In the retrospective cohort design, we used propensity-
score models conditional on age, sex, date of confirmed 
SARS-CoV-2 infection, Charlson Comorbidity Index, and 
vaccination status in a logistic regression model. We 
used propensity-score matching without replacement 
using a caliper width of 0·05. We calculated standardised 
mean differences (SMDs) of each covariate between the 
groups before and after the propensity-score matching, 
which was interpreted as balanced when the SMD was 
below the threshold of 0·1.16 Hazard ratios (HRs) with 

For more on contraindications 
to nirmatrelvir plus ritonavir 
see https://www.covid19-
druginteractions.org/

See Online for appendix 2

https://www.covid19-druginteractions.org/
https://www.covid19-druginteractions.org/
https://www.covid19-druginteractions.org/
https://www.covid19-druginteractions.org/
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95% CIs of each outcome between oral antiviral users 
and their respective matched non-users were estimated 
using Cox regression models. Subgroup analyses 

assessed the associations by vaccination status (fully 
vaccinated vs not fully vaccinated) and age groups 
(≤60 years vs >60 years). We assessed interactions 

Figure 1: Study profile

2927 excluded
 810 admitted before COVID-19

diagnosis 
 666 initiated molnupiravir 

during admission
 9 ever receiving outpatient 

nirmatrelvir plus ritonavir
 202 initiated molnupiravir

beyond 5 days of symptom
onset 

 113 use of medications with
contraindication to
nirmatrelvir plus ritonavir 

 52 had severe renal diseases
 14 had severe liver diseases
 1061 in residential care homes 

for the elderly

8310 patients receiving outpatient 
molnupiravir

1055 excluded
 19 aged <18 years
 524 admitted before COVID-19

diagnosis
 293 initiated nirmatrelvir plus

ritonavir during admission
 8 ever receiving outpatient

molnupiravir 
 104 initiated nirmatrelvir plus

ritonavir beyond 5 days of
symptom onset

 3 use of medications with
contraindication to
nirmatrelvir plus ritonavir 

 1 had severe renal disease
 3 had severe liver diseases
 100 in residential care homes for 

the elderly

7519 patients receiving outpatient 
nirmatrelvir plus ritonavir

1 074 856 non-hospitalised patients with confirmed diagnosis 
of COVID-19 from Feb 26 to June 26, 2022 

4983 molnupiravir users vs 49 234 matched controls after 1:10 
propensity-score matching

5542 nirmatrelvir plus ritonavir users vs 54 672 matched 
controls after 1:10 propensity-score matching

141 708 excluded
 7485 missing age or sex data
 95 349 aged <18 years
 19 491 admitted before

COVID-19 diagnosis 
 331 death on or before the

date of COVID-19
diagnosis 

 784 use of medications with
contraindication to
nirmatrelvir plus
ritonavir

 791 had severe renal
diseases

 111 had severe liver diseases 
 17 366 in residential care

homes for the elderly 

1 059 027 patients not receiving 
outpatient oral antivirals

5383 molnupiravir users 6464 nirmatrelvir plus ritonavir 
users

917 319 controls

Molnupiravir 
(n=4983)

Control (n=49 234) Standardised 
mean difference

Nirmatrelvir plus 
ritonavi (n=5542)

Control (n=54 672) Standardised 
mean difference

Age, years

18–60 565 (11·3%) 3819 (7·8%) 0·12 784 (14·2%) 8071 (14·8%) 0·02

>60 4418 (88·7%) 45 415 (92·2%) ·· 4758 (85·9%) 46 601 (85·2%) ··

Sex

Male 2367 (47·5%) 23 535 (47·8%) 0·01 2566 (46·3%) 25 490 (46·6%) 0·01

Female 2616 (52·5%) 25 699 (52·2%) ·· 2976 (53·7%) 29 182 (53·4%) ··

Date of confirmed SARS-CoV-2 infection

February to 
March, 2022

4178 (83·9%) 40 787 (82·8%) 0·03 3895 (70·3%) 39 477 (72·2%) 0·04

April to June, 2022 805 (16·2%) 8447 (17·2%) ·· 1647 (29·7%) 15 195 (27·8%) ··

Charlson Comorbidity Index score

0–4 4475 (89·8%) 44 984 (91·4%) 0·05 5291 (95·5%) 52 345 (95·7%) 0·02

5–6 353 (7·1%) 2872 (5·8%) ·· 206 (3·7%) 1864 (3·4%) ··

7–14 155 (3·1%) 1378 (2·8%) ·· 45 (0·8%) 463 (0·9%) ··

Fully vaccinated* 800 (16·1%) 6115 (12·4%) 0·10 1850 (33·4%) 18 138 (33·2%) 0·00

Data are n (%), unless otherwise indicated. *Fully vaccinated patients were defined as those with at least two doses of BNT162b2 (Fosun–BioNTech) or three doses of 
CoronaVac (Sinovac).

Table 1: Baseline characteristics of non-hospitalised patients with COVID-19 after 1:10 propensity-score matching
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between oral antiviral drug treatment and subgroups. In 
the case-control design as sensitivity analysis, we used 
conditional logistic regression to examine the association 
of receiving oral antiviral drug treatment with 
hospitalisation and all-cause mortality among patients 
with COVID-19. We estimated odds ratios in molnupiravir 

users and nirmatrelvir plus ritonavir users compared with 
non-users. We did post-hoc sensitivity analyses of treating 
oral antiviral use as a time-varying covariate in the Cox 
regression models, and which split the observation times 
for those in the oral antiviral group into two periods, an 
earlier one from the index date to the day before the 

Figure 2: Cumulative incidence plots
All-cause mortality (A), hospitalisation (B), and in-hospital disease progression (C) for outpatient molnupiravir users and nirmatrelvir plus ritonavir versus their 
matched controls.
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antiviral treatment initiation, and a later one from the date 
of antiviral treatment initiation to the outcome occurrence, 
crossover of oral antiviral treatment, or the end of the 
observational period. All statistical analyses were done 
using Stata/MP (version 17). All significance tests were 
two-tailed, and a p value of less than 0·05 was considered 
statistically significant.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
During the omicron BA.2.2 wave in Hong Kong, 
1 074 856 patients with confirmed SARS-CoV-2 infection 
were identified in our study period, of whom 11 847 (1·1%) 
were initiated on either of the two novel oral antivirals in 
the community setting (5383 [45·4%] with molnupiravir, 
and 6464 [54·6%] with nirmatrelvir plus ritonavir; figure 1). 
In the retrospective cohort, we included 4983 molnupiravir 
users and 49 234 matched controls, in addition to 
5542 nirmatrelvir plus ritonavir users and 54 672 matched 

controls, after excluding those who did not meet eligibility 
criteria or for whom we could not identify matched pairs. 
Treatment course completion rates were 99·7% for 
molnupiravir and 99·9% for nirmatrelvir plus ritonavir. 
Demographic and clinical characteristics of non-
hospitalised patients with COVID-19 are presented in the 
appendix 2 (p 2) by oral antiviral use. After matching, 
patient characteristics were balanced between oral antiviral 
and control groups at baseline, with all SMDs below 0·1, 
except for age in the molnupiravir and matched control 
groups (SMD=0·12; table 1). The distribution of propensity 
scores in oral antiviral and matched control groups were 
highly overlapping, indicating an acceptable quality of 
matching for our propensity-score models (appendix 2 p 12). 
Overall, fewer than half of the cohort had been fully 
vaccinated, and most patients were older than 60 years 
(table 1). Among those who were fully vaccinated, the last 
dose of vaccination for molnupiravir users was received 
1·68 months before baseline and 2·01 months before 
baseline for matched controls. For nirmatrelvir plus 
ritonavir users, the last dose was received 2·19 months 
before baseline and 2·25 months before baseline for 
matched controls. Patients with COVID-19 who were 

Molnupiravir (n=4983) Control (n=49 234) Molnupiravir vs control

Crude incidence rate (events 
per 100 000 person-days)

Crude incidence rate (events 
per 100 000 person-days)

HR (95% CI)* p value

Estimate (95% CI) Person-days Estimate (95% CI) Person-days

All-cause mortality 17·9 (14·3–22·0) 492 995 22·1 (20·9–23·4) 5 134 524 0·76 (0·61–0·95) 0·013

Hospitalisation 107·6 (98·2–117·6) 450 697 104·0 (101·1–107·0) 4 740 249 0·98 (0·89–1·06) 0·58

In-hospital disease progression 10·2 (7·5–13·4) 491 635 16·8 (15·7–18·0) 5 115 217 0·57 (0·43–0·76) 0·0001

In-hospital death 7·3 (5·1–10·1) 492 995 12·9 (11·9–13·9) 5 134 524 0·53 (0·38–0·75) 0·0002

Invasive mechanical 
ventilation

1·4 (0·6–2·9) 492 609 3·4 (2·9–3·9) 5 127 257 0·40 (0·19–0·84) 0·016

Intensive care unit admission 3·5 (2·0–5·5) 491 635 4·4 (3·8–5·0) 5 116 681 0·74 (0·45–1·21) 0·24

HR=hazard ratio. *HRs greater than 1 indicate that molnupiravir users had higher risk of outcome compared with the matched control group.

Table 2: Outcomes for outpatient molnupiravir users versus matched controls

Nirmatrelvir plus ritonavir (n=5542) Control (n=54 672) Nirmatrelvir plus ritonavir vs 
control

Crude incidence rate (events per 100 000 
person-days)

Crude incidence rate (events per 100 000 
person-days)

HR (95% CI)* p value

Estimate (95% CI) Person-days Estimate (95% CI) Person-days

All-cause mortality 4·2 (2·6–6·3) 528 328 11·6 (10·8–12·6) 5 471 588 0·34 (0·22–0·52) <0·0001

Hospitalisation 48·5 (42·6–54·9) 507 655 61·0 (58·9–63·2) 5 221 023 0·76 (0·67–0·86) <0·0001

In-hospital disease 
progression

4·6 (2·9–6·8) 526 844 7·5 (6·8–8·3) 5 462 351 0·57 (0·38–0·87) 0·0083

In-hospital death 1·5 (0·7–3·0) 528 328 5·8 (5·2–6·4) 5 471 588 0·25 (0·12–0·50) 0·0001

Invasive mechanical 
ventilation

0·8 (0·2–1·9) 527 944 1·2 (0·9–1·5) 5 468 815 0·62 (0·23–1·72) 0·36

Intensive care unit 
admission

3·2 (1·9–5·2) 526 926 1·9 (1·6–2·3) 5 463 019 1·58 (0·95–2·63) 0·078

HR=hazard ratio. *HRs greater than 1 indicate that nirmatrelvir plus ritonavir users had higher risk of outcome compared with the matched control group.

Table 3: Outcomes for outpatient nirmatrelvir plus ritonavir users versus matched controls
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prescribed molnupiravir were older, with more pre-existing 
comorbidities, and less likely to be fully vaccinated, 
compared with those on nirmatrelvir plus ritonavir 
(appendix 2 p 2). At baseline, 176 (3·5%) of 4983 molnupiravir 
users and 76 (1·4%) of 5542 nirmatrelvir plus ritonavir 
users were identified as im muno compromised. Both 
oral antivirals were initiated in community-dwelling 
COVID-19 patients after a median of 2 days (IQR 1–3) since 
symptom onset.

Overall, molnupiravir users were followed up for a 
median of 103 days (IQR 97–109) and nirmatrelvir 
plus ritonavir users for a median of 99 days (92–104). 
The cumulative incidences of all-cause mortality, 
COVID-19-related hospitalisation, and in-hospital disease 
progression between the oral antiviral and respective 
control groups are shown in figure 2. The crude incidence 
rates of all-cause mortality were 17·9 per 100 000 person-
days among molnupiravir users and 22·1 per 
100 000 person-days among matched controls, and 
4·2 per 100 000 person-days among nirmatrelvir plus 
ritonavir users and 11·6 per 100 000 person-days among 
matched controls (tables 2, 3). Molnupiravir use was 
associated with a significantly lower risk of all-cause 
mortality than non-use was (HR 0·76 [95% CI 0·61–0·95]; 
p=0·013), whereas the risk of hospitalisation was similar 
to that in the control group (0·98 [0·89–1·06]; p=0·58; 
figure 2). By contrast, nirmatrelvir plus ritonavir use was 
associated with significantly lower risks of both 
all-cause mortality (0·34 [0·22–0·52]; p<0·0001) and 
hospitalisation (0·76 [0·67–0·86]; p<0·0001) compared 
with non-use (figure 2).

Concerning the composite outcome of in-hospital 
disease progression, molnupiravir use was associated with 
a significantly lower risk of disease progression than non-
use was (HR 0·57 [95% CI 0·43–0·76]; p=0·0001), which 
was consistently observed for the individual outcomes of 
in-hospital death (0·53 [0·38–0·75]; p=0·0002) and IMV 
initiation (0·40 [0·19–0·84]; p=0·016; table 2). Risk of ICU 
admission was similar between the molnupiravir and 
control groups (0·74 [0·45–1·21; p=0·24; table 2). However, 
although the risk of the in-hospital composite outcome 
was also significantly reduced with nirmatrelvir plus 
ritonavir use compared with non-use (0·57 [0·38–0·87]; 
p=0·0083), this reduction was mainly driven by a 
substantial mortality benefit (0·25 [0·12–0·50]; p=0·0001) 
rather than reducing IMV initiation (0·62 [0·23-1·72]; 
p=0·36) or ICU admission (1·58 [0·95–2·63]; p=0·078; 
table 3). The proportion of community-dwelling patients 
with COVID-19 who were admitted to hospital, on 
respiratory support, discharged alive, or dead over the 
follow-up period are shown in figure 3 by oral antiviral use.

Figure 3: Comparison of disease status at days 3, 7, 14, 21, and 28 after the 
index date

(A) Outpatient molnupiravir users versus matched controls. (B) Outpatient 
nirmatrelvir plus ritonavir users versus matched controls.
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With respect to the sensitivity analysis using a case-
control design, patient characteristics in case and control 
groups for each outcome after matching are reported in 
appendix 2 (p 3). Findings from sensitivity analyses 
(appendix 2 pp 4–5) were generally consistent with those 
of the primary analysis. In the subgroup analyses of study 
outcomes stratified by age and vaccination status 
(appendix 2 pp 6–7), results comparing molnupiravir use 
and non-use were significant for reduced risks of all-cause 
mortality and in-hospital disease progression among 
patients older than 60 years, in addition to a significantly 
reduced risk of COVID-19-related hospitalisation (0·89 
[0·81–0·97]; p=0·0067). Results comparing nirmatrelvir 
plus ritonavir with non-use were generally consistent 
across subgroups in reducing the risks of both mortality 
and hospitalisation (appendix 2 pp 6–7).

Discussion
In this retrospective cohort of community-dwelling 
patients with COVID-19 during a pandemic period 
dominated by the SARS-CoV-2 omicron variant, early 
initiation of molnupiravir or nirmatrelvir plus ritonavir 
was associated with a significant reduction of all-cause 
mortality risk, compared with not having been 
administered either antiviral. Nirmatrelvir plus ritonavir 
use was additionally associated with a reduced risk of 
COVID-19-related hospitalisation. In terms of disease 
progression, the need for IMV was reduced among 
molnupiravir users. Reduced risks of mortality and 
hospitalisation associated with early oral antiviral use 
were consistently observed in patients older than 60 years.

Among non-hospitalised patients with mild-to-moderate 
COVID-19 who were unvaccinated and at risk of 
progression to severe disease, early initiation of 
molnupiravir within 5 days of symptom onset contributed 
to a relative reduction of hospitalisation or death by 30% in 
the MOVe-OUT trial,1 and with nirmatrelvir plus ritonavir 
by 88% in the EPIC-HR trial.6 The updated analysis of the 
EPIC-SR trial involving unvaccinated adults at standard 
risk of COVID-19 or fully vaccinated individuals with at 
least one risk factor showed a non-significant reduction of 
hospitalisation or death by 51% with nirmatrelvir plus 
ritonavir use in non-hospitalised patients.17 Although both 
oral antivirals have been shown to exhibit robust activity in 
substantially lowering the viral load relative to that of 
placebo,1,6 the number needed to treat (NNT) was higher 
with molnupiravir than with nirmatrelvir plus ritonavir 
use, as based on the final results of MOVe-OUT and EPIC-
HR trials.18–20 Notably, both estimated NNTs are expected to 
increase further in the current wave dominated by the 
omicron variant, which results in less hospitalisation and 
death compared with that of the delta variant that circulated 
during previous trials,21,22 as is the increasing proportion of 
individuals who have been fully vaccinated.23 Our study 
adds to the literature on real-world effectiveness in specific 
contexts considering different variants of concern and 
population immune settings.

Our findings could be interpreted as showing a 
gradation of protection by the two novel antivirals by 
drawing parallels with the differential effectiveness of 
COVID-19 vaccines. Virtually all licensed vaccines offer 
very good protection against death and severe outcomes 
but differ considerably in protecting against infection and 
mild-to-moderate symptomatic disease. We found a 
similar pattern: good protection by both antivirals against 
in-hospital progression to severe outcomes including 
death (albeit with different effect sizes), whereas the 
superiority of nirmatrelvir plus ritonavir compared with 
molnupiravir extended into protection against 
hospitalisation. The differential effects between ICU 
admission and mechanical ventilation use could be 
explained by different ICU admission criteria and how 
different settings manage ventilated patients. Moreover, 
many studies reported a composite outcome for both 
mechanical ventilation and ICU admission because of 
small numbers or high correlation between the two 
outcomes. Incidentally, a secondary analysis of the MOVe-
OUT trial also identified a reduced need for respiratory 
interventions among molnupiravir users compared with 
those on placebo.24 Notably, the interpretation of our 
results of the two oral antivirals should also take into 
consideration the potential differences in patient 
characteristics at baseline, whereby molnupiravir users 
and matched controls tended to be older, had more pre-
existing comorbidities, and were less likely to be fully 
vaccinated than their counterparts on nirmatrelvir plus 
ritonavir. The significant drug–drug interactions of 
nirmatrelvir plus ritonavir, coupled with the later 
introduction of the drug (the so-called first-mover 
advantage of molnupiravir) are likely to explain these 
observations. These factors might have partially 
contributed to the inferior clinical outcomes with 
molnupiravir compared with nirmatrelvir plus ritonavir 
in this study.

Guidelines prioritise nirmatrelvir plus ritonavir use over 
molnupiravir in community-dwelling patients with 
COVID-19 who are at high risk of hospitalisation or 
progression to severe disease, should nirmatrelvir plus 
ritonavir be accessible and clinically appropriate.25–27 
Although our results suggest similar trends to those of the 
MOVe-OUT and EPIC-HR trials, discrepancies in the 
respective effect sizes could possibly be attributed, at least 
partly, to differences in the risk profile of patients (as 
indicated by the older age of our patients vs overweight or 
obesity being the major risk factor in patients in the two 
clinical trials, and <20% of patients being aged >60 years or 
>65 years), or the circulating variant of concern (omicron in 
this study vs delta in previous trials).1,6 Furthermore, our 
subgroup analyses reinforced the significant benefits of 
early oral antiviral use in reducing the risks of all-cause 
mortality and COVID-19-related hospitalisation among 
older patients in the community setting.7,9 These benefits 
were also associated with nirmatrelvir plus ritonavir use in 
patients who had not been fully vaccinated, which 
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was similarly observed in a population-based cohort 
study done during the omicron wave.8 Several clinical 
trials (eg, RECOVERY, PANORAMIC, NCT04746183, and 
NCT05011513) and an observational study (NCT05195060) 
of the two oral antivirals are ongoing, which will take into 
account the circulating omicron variant and vaccination 
status of patients.

Logistics and distribution issues of oral antivirals 
should be adequately addressed by governments and the 
health-care sector to facilitate drug initiation soon after 
symptom onset for maximal efficacy, and promote 
equitable access amid limited supplies.18,23 For instance, a 
validated risk-prediction tool or evidence-based scoring 
system can be developed to guide physicians to identify 
and prioritise patients with COVID-19 who would most 
likely benefit from the use of oral antivirals.18,27 Further, 
several research gaps remain in the investigation of oral 
antiviral use, namely the safety of nirmatrelvir plus 
ritonavir in children, pregnant or breastfeeding women, 
efficacy of oral antivirals in patients with COVID-19 by 
serostatus at baseline, and risk of emergence of new 
viral variants attributed to genetic mutations induced 
by molnupiravir.23,27,28 Active pharmacovigilance pro-
grammes are crucial to monitoring the long-term safety 
of oral antivirals, especially for the mutational risk and 
potential genotoxicity associated with molnupiravir use 
in light of conflicting experimental evidence.29–32 
Moreover, given the high mutation rates of SARS-CoV-2 
and selective pressure induced by the widespread use of 
antiviral monotherapy, concerns about the development 
of antiviral resistance have been raised.23,27 Further 
clinical studies are needed to examine the feasibility of 
combination therapy in accelerating the elimination 
of the virus and minimising drug resistance—
eg, molnupiravir plus nirmatrelvir plus ritonavir or 
favipiravir, or oral antivirals plus anti-SARS-CoV-2 
monoclonal antibodies.23,27,30,33

Using public health-care databases that encompass all 
reported cases of confirmed SARS-CoV-2 infection during 
the observation period, our study covers a non-selective 
patient population in the local region amid a pandemic 
wave of the SARS-CoV-2 omicron variant. Alongside the 
introduction of both oral antivirals in the public health-
care system during this outbreak, their clinical 
effectiveness could be assessed in a real-world setting. 
Further, we found consistent results from both the 
retrospective cohort and case-control analyses of our 
study, hence supporting the robustness of our findings. 
Nevertheless, several study limitations should be 
acknowledged. First, residents at residential care homes 
for the elderly were excluded from the analysis because of 
substantial missing records, complex referral patterns 
between different levels and categories of treatment 
facilities, or prolonged delays in oral antiviral prescription 
during the peak of this pandemic wave. Further studies 
are needed to examine the real-world safety and 
effectiveness of oral antivirals in specific health-care 
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settings—eg, in nursing homes and residential care 
facilities. Second, indication bias could not be eliminated 
in the prescription of oral antivirals, as reflected by the 
considerably older age and lower percentage of patients 
who had been fully vaccinated in the oral antiviral groups 
than in the matched control groups at baseline. Residual 
confounding by indication could still be present in the 
clinical decision to prescribe molnupiravir versus 
nirmatrelvir plus ritonavir, because nirmatrelvir plus 
ritonavir has risk of drug–drug interactions, thus might 
be less preferred by clinicians for treating those 
maintained on multiple medications. After excluding 
patients with drug contraindications to nirmatrelvir plus 
ritonavir and applying propensity-score matching, patient 
charac teristics between the oral antiviral and respective 
control groups were well balanced at baseline. Third, 
although we captured all reported patients in Hong Kong, 
we cannot rule out self-ascertainment bias, in that many 
patients with SARS-CoV-2 infection might not be aware of 
having been infected (because of not testing or suboptimal 
sensitivity of rapid antigen tests, etc) or not having 
reported infection status to health authorities thus 
becoming eligible to be offered the novel antivirals. 
Fourth, we did not have complete sequence data on all 
cases in terms of omicron subvariants, although 98·4% of 
all cases belonged to the prevailing BA.2.2 strain during 
the period of observation.11 Fifth, we did not further 
differentiate all-cause mortality into deaths directly caused 
by COVID-19 as opposed to other causes. Sixth, booster 
doses were not included in the vaccination status of 
patients with COVID-19 in our analysis because of the low 
proportion of patients who had been fully vaccinated with 
the primary series. Finally, the usual caveats of residual 
and unmeasured confounding about observational studies 
apply.

In conclusion, during Hong Kong’s SARS-CoV-2 wave 
in which the omicron sublineage BA.2.2 was dominant, 
among non-hospitalised patients with COVID-19, early 
initiation of either molnupiravir or nirmatrelvir plus 
ritonavir was associated with reduced risks of death 
and in-hospital disease progression. Nirmatrelvir plus 
ritonavir use was additionally associated with a reduced 
risk of hospitalisation. Further research is needed to 
confirm our results in specific patient populations and 
other health-care settings, and a mechanistic explanation 
should be investigated in future laboratory studies.
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