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Abstract

Background Few studies evaluated the effectiveness of COVID-19 antivirals specifically in the asthma population
This study assessed short- and long-term effects of nirmatrelvir/ritonavir versus molnupiravir in asthma population.

Methods This is a retrospective cohort study on adult asthma patients infected with COVID-19, using real-world
data obtained from the health officials in Hong Kong. Key inclusion criteria were infection with COVID-19 between
March 16, 2022, and Oct 30, 2023, age > 18 years, previous asthma diagnosis, and prescription history of an asthma
medication. Outcomes included acute and post-acute mortality, post-acute all-cause hospitalization, and cause-
specific hospitalization.

Results 1,745 patients were eligible for this study, with a median follow-up time of 365 days (IQR: 335-365). Patients
in the nirmatrelvir/ritonavir group had significantly lower risks of acute inpatient death (HR, 0-27 [95% Cl, 0-12 to

0-59]; p=0-0011), post-acute inpatient death (HR, 0-49 [95% Cl, 0-28 to 0-85]; p=0-011), all-cause hospitalization

(HR, 0:72 [95% Cl, 0-58 to 0-89]; p=0-0020), and myocardial infarction (HR, 0-10 [95% Cl, 0-01 to 0-92]; p=0-042) than
patients in the control group. The risk of all-cause hospitalization was significantly lower in the nirmatrelvir/ritonavir
group compared to the molnupiravir group (HR, 0:65 [95% Cl, 0-52 to 0-81]; p=0-00012). Among patients who were
prescribed medium-/ high-dose inhaled corticosteroids, the nirmatrelvir/ritonavir group had a lower hazard of asthma
exacerbation than the molnupiravir group (HR, 0-58 [95% Cl, 0-35 to 0-95]; p=0.030).

Conclusion Compared with molnupiravir, nirmatrelvir/ritonavir may offer more benefits in reducing the risk of
post-acute sequelae of COVID-19 among asthma patients. In addition, the post-acute benefits of the antivirals were
also demonstrated in patients with mild asthma, which have not been generally recommended in existing clinical
management guidelines.
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Introduction

The global outbreak of COVID-19 has led to millions
of related deaths, raising a significant subsequent pub-
lic health concern about the persistent or newly onset
symptoms following the acute phase of SARS-CoV-2
infection, known as post-COVID-19 condition (PCC),
as well as post-acute sequelae of COVID-19. Accord-
ing to the scoping review by Hayes et al. [1], more than
100 persistent symptoms of SARS-CoV-2 infection were
identified, affecting multiple systems such as the respira-
tory, neurological, cardiovascular, and musculoskeletal
systems. Another study, employing study populations
from the United Kingdom (UK) and Hong Kong, identi-
fied 13 major post-acute sequelae of COVID-19 infection
[2]. A systematic review [3] reported that at least 45% of
COVID-19 cases experienced at least one PCC.

In December 2021, two COVID-19 antivirals, namely
nirmatrelvir combined with the boosting agent ritonavir
(nirmatrelvir/ritonavir) and molnupiravir, were granted
emergency use authorization by the United States Food
and Drug Administration (FDA) for treating non-hos-
pitalized patients at high risk of progressing to severe
COVID-19 [4, 5]. According to the EPIC-HR trial, nir-
matrelvir/ritonavir was effective in reducing the risk
of severe COVID-19 outcomes by day 28 after an acute
infection [6]. A similar effectiveness finding was also
reported for the molnupiravir treatment [7]. In addition,
the prolonged benefit of early treatments of nirmatrelvir/
ritonavir and molnupiravir on PCCs in hospitalized and
non-hospitalized patients were reported by several stud-
ies [8—10]. The choice between nirmatrelvir/ritonavir and
molnupiravir for COVID-19 treatment mainly depends
on patient risk factors and timing [11]. Nirmatrelvir/
ritonavir is preferred for high-risk individuals within
five days of symptom onset. Molnupiravir can be used
when nirmatrelvir/ritonavir is contraindicated (e.g., drug
interactions, severe renal or liver impairment). Low-risk
patients or those beyond the five-day window may be
prescribed neither of the antivirals due to the potentially
reduced benefits.

According to the existing evidence, asthma is unlikely
to be associated with an increased risk of severe COVID-
19 in general [12, 13]. Nevertheless, severe asthma was
found to be a risk factor of COVID-19 related death dur-
ing the early phase of pandemic [14]. In addition, a large
UK cohort study indicated that patients using three or
more asthma medications had an increased risk of hos-
pitalization and death due to COVID-19 [15]. Supported
by the findings, moderate-to-severe asthma is considered
a risk factor for antiviral prescription for SARS-CoV-2
infection [16]. In relation to PCCs, conflicting results

have been reported. Garcia-Pachon et al. demonstrated
that patients with asthma had a lower prevalence of post-
COVID syndrome than the general COVID-19 patient
population [17], whereas Wang et al. indicated that
patients with asthma faced a higher risk of post-acute
respiratory symptoms such as shortness of breath and
cough [18].

Patients with asthma are typically understudied in
randomized controlled trials (RCTs) for COVID-19,
especially in studies focusing on the PCC outcomes
necessitating a longer follow-up period. While studies
have assessed the effectiveness of the antivirals among
patients with chronic respiratory diseases [19-21], none
have been specifically designed for patients with asthma
and studied with sufficiently long follow-up for post-
COVID-19 outcomes. To bridge this research gap, this
study investigated the long-term benefits of the antivi-
rals specifically on the asthma population, adjusting for
covariates relevant to asthma (e.g., chronic obstructive
pulmonary disease, inhaled corticosteroid dose level, and
use of oral glucocorticoid) and conducting analysis spe-
cific to asthma (e.g., outcome of asthma exacerbation and
subgroup analysis by inhaled corticosteroid dose level).
In this study, we examined the association of the COVID-
19 antivirals with the acute and post-acute COVID-19
outcomes, including mortality, all-cause hospitalization,
and hospitalizations due to several major sequelae among
patients with asthma in Hong Kong. Our study is
expected to profile the short- and long-term benefits of
antivirals in this underrepresented population, with the
goal of supporting the suggested therapeutic approach
for patients with asthma who contract COVID-19 [22].

Methods

Study design

This is a retrospective cohort study that utilized territory-
wide data obtained from Hong Kong Hospital Author-
ity (HA) and Department of Health (DH). The HA is a
statutory body that manages all public hospitals in Hong
Kong. It provides public inpatient and outpatient services
to over 7.3 million residents, covering approximately 80%
of hospital admissions as well as all COVID-19 patients
in the territory [2]. The centralized database maintained
by the HA encompasses individual-level information on
patient demographics, diagnoses, and prescribed medi-
cations. The comprehensive electronic health records
from the HA were linked to the COVID-19 vaccination
records from the DH using anonymized pseudo num-
bers. These datasets have been employed in numerous
studies for analyzing COVID-19-related outcomes and
the effectiveness of treatments [10].
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Patients

This study identified patients infected with SARS-
CoV-2 by a positive reverse transcription-polymerase
chain reaction (RT-PCR) test result or an attendance at
a COVID-19 designated clinic. A patient’s attendance at
a designated clinic implied a positive result from either
a rapid antigen test or an RT-PCR test, because such a
result was required for the attendance. For a patient iden-
tified by a positive RT-PCR test result, the index date was
defined as the date of the test result. For a patient iden-
tified by an attendance at a designated clinic, the index
date was defined as the date of attendance.

The inclusion criteria were as follows:

(1)an index date of SARS-CoV-2 infection between
March 16, 2022 (the date when nirmatrelvir/ritonavir
became available in Hong Kong) and Oct 30, 2023
(31 days before the end of data availability, which was
Nov 30, 2023), during which Omicron variant was
the predominant strain;

(2)age>18 years;

(3)a previous asthma diagnosis (ICD-9-CM code of
“493.xx” in the inpatient records or ICPC-2 code of
“R96” in the outpatient records) AND prescription
history of any asthma medication within 12 months
before or on the index date (Supplement Table 1)
[23].

The exclusion criteria were as follows [10, 24]:

(1)a contraindication to nirmatrelvir/ritonavir due
to drug interaction (that is, prescription history
of amiodarone, apalutamide, carbamazepine,
ivosidenib, lumacaftor-ivacaftor, phenobarbital,
phenytoin, primidone, rifampicin, rifapentine, or St
John's Wort within 90 days before the index date);
(2) severe renal impairment (that is, estimated
glomerular filtration rate <30 mL/min per 1.73 m?,
dialysis, or renal transplantation);
(3) severe liver impairment (that is, cirrhosis,
hepatocellular carcinoma, or liver transplantation);
(4) prescription history of both nirmatrelvir/ritonavir
and molnupiravir within 30 days of the index date;
(5) prescription history of nirmatrelvir/ritonavir or
molnupiravir, but not within 5 days of the index date.

The eligible patients were categorized into three groups.
The nirmatrelvir/ritonavir group consisted of patients
who were prescribed nirmatrelvir/ritonavir within five
days of the index date, while the molnupiravir group
comprised patients who were prescribed molnupiravir
within five days of the index date. The control group con-
sisted of patients who were not prescribed nirmatrelvir/
ritonavir or molnupiravir within 30 days of the index
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date. Three comparisons were made among the three
groups, which were the nirmatrelvir/ritonavir group
vs. molnupiravir group, molnupiravir group vs. control
group, and nirmatrelvir/ritonavir group vs. molnupiravir
group. The first two comparisons were to assess the effec-
tiveness of each antiviral separately, while the third com-
parison was to compare benefits of the two antivirals.

Outcomes

To examine the effectiveness of the antivirals across dif-
ferent phases, we studied both acute outcomes (from
day O to day 30 following the index date) and post-acute
outcomes (from day 31 to day 365). The acute outcomes
were: (1) inpatient death (More than 90% of deaths in
Hong Kong occurred in hospitals, especially public hos-
pitals [25]); (2) ICU admission or respiratory support
(ICD-9-CM codes in Supplement Table 2). The post-
acute outcomes were: (1) inpatient death; (2) ICU admis-
sion or respiratory support; (3) all-cause hospitalization;
(4)—(7) cause-specific hospitalization due to incident
conditions including chronic pulmonary disease exclud-
ing asthma, acute respiratory distress syndrome, myocar-
dial infarction, and stroke (pulmonary and cardiovascular
conditions commonly studied in post-COVID-19 litera-
ture [2]); (8) asthma exacerbation, which was defined as
hospital admission with asthma as the principal diag-
nosis OR prescription history of an oral glucocorticoid
during an outpatient attendance for asthma or dur-
ing an accident and emergency (A&E) attendance with
a dose<300 mg (to ensure a normal dose for treating
asthma exacerbation) [26]. In summary, inpatient death
and ICU admission or respiratory support were ascer-
tained from Day 0 to Day 30 and from Day 31 to Day
365 following the index date to investigate the short-
and long-term effectiveness of the antivirals in reducing
severe outcomes. The other outcomes were ascertained
from Day 31 to Day 365 in line with existing literature on
post-acute sequelae of COVID-19 [2, 27].

In the analyses of the cause-specific hospitalization
outcomes, individuals with a history of the correspond-
ing condition before the index date were excluded. The
ICD-9-CM codes for the conditions can be found in Sup-
plement Table 2.

Every patient was followed up until inpatient death, the
occurrence of the outcome in the corresponding analysis,
365 days after the index date, or the end of data availabil-
ity (Nov 30, 2023), whichever came first.

Covariates
The covariates adjusted for in this study covered demo-
graphics, information relevant to the SARS-CoV-2 infec-
tion, comorbidities, and prescription history [24, 28, 29].
They were:
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(1)age;

(2)sex;

(3) COVID-19 vaccination status (unvaccinated, 1-2
doses, or >3 doses);

(4)week of the index date;

(5)hospital admission on the index date;

(6)initiation of concomitant pharmacological
treatments on the index date, including
dexamethasone, prednisolone, and remdesivir;

(7) comorbidities, including arrhythmia, cerebrovascular
disease, chronic obstructive pulmonary disease,
congestive heart failure, coronary artery disease,
diabetes, hypertension. liver disease, malignancy,
and renal disease (ICD-9-CM codes provided in
Supplement Table 3);

(8)oral glucocorticoid prescription history with a
dose <300 mg within one year before the index date;

(9) the highest inhaled corticosteroid (ICS) dose level
prescribed within one year before or on the index
date, where the levels were defined according to
Global Strategy for Asthma Management and
Prevention (2024 update) [29].

Statistical analysis

Before adjusting for the covariates, we plotted cumula-
tive incidence curves for outcomes of inpatient death,
ICU admission or respiratory support, all-cause hospi-
talization, and asthma exacerbation stratified by the use
of antivirals. Cumulative incidence curves were calcu-
lated by summing, at each event time, the product of the
probability of being event-free just before the event time
(estimated by the Kaplan-Meier estimator) and the haz-
ard of the event at that time (estimated by the number
of patients having the event at that time divided by the
number of patients at risk at that time) [30].

We employed standardized mortality ratio (SMR)
weighting to adjust for the covariates [31], with the pro-
pensity scores derived from logistic regression models.
The balance of each covariate before and after weight-
ing was assessed according to the absolute value of the
standardized mean difference (SMD). We included the
imbalanced covariates after weighting (SMD >0-1) in the
corresponding models for doubly robust adjustment [32].

To evaluate the effectiveness of the antivirals, Cox pro-
portional hazards models were applied in the weighted
samples. The assumption of proportional hazards was
assessed based on plots of scaled Schoenfeld residuals.

For the outcomes of inpatient death, ICU admission or
respiratory support, all-cause hospitalization, and asthma
exacerbation, we did subgroup analyses by vaccination
status (<3 doses, or >3 doses), by ICS dose level (none or
low, or medium or high), and by whether the patient was
admitted to hospital on the index date. Three sensitivity
analyses were conducted. The first sensitivity analysis was
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comparison between the molnupiravir group and con-
trol group with the start of the study period as the date
when molnupiravir became available (Feb. 26, 2022) and
without excluding individuals with contraindications to
nirmatrelvir/ritonavir. In the second and third sensitiv-
ity analyses, we excluded patients who were prescribed
salmeterol within 10 days of the index date from the
comparisons involving nirmatrelvir/ritonavir (i.e., nir-
matrelvir/ritonavir group vs. control group and nirma-
trelvir/ritonavir group vs. molnupiravir group), due to
potential drug interaction.

All analyses were performed using R (version 4.3.2) (R
Program for Statistical Computing).

Results

As Fig. 1 shows, of 430,414 patients with an index date
of SARS-CoV-2 infection between March 16, 2022 (the
date when nirmatrelvir/ritonavir became available in
Hong Kong), and Oct. 30, 2023, 1,944 were adult asthma
patients (aged>18 years) with prescriptions of asthma
medications within one year before or on the index date.
Among the 1,944 patients, 1,745 were eligible for the
analysis, with 621 patients in the nirmatrelvir/ritonavir
group, 378 patients in the molnupiravir group, and 746
patients in the control group, and a median follow-up
time of 365 days (IQR: 335-365).

Before standardized mortality ratio (SMR) weighting,
among the three groups, the molnupiravir group had the
largest median age (77-0 years), followed by the control
group (72-0 years) and the nirmatrelvir/ritonavir group
(70-0 years). All three groups had higher proportions
of females (61-8% [384/621] in the nirmatrelvir/ritona-
vir group, 60.1% [227/378] in the molnupiravir group,
and 57-8% [431/746] in the control group) (Table 1). The
standardized mean differences of patient characteristics
between each pair of the three groups are provided in
Supplement Table 4 A—4 C. The severity of patients at
baseline defined based on prescription of concomitant
pharmacological treatments is described in Supplement
Table 6.

The unadjusted cumulative incidence curves with risk
tables were plotted in Fig. 2. The patients in the control
group had higher unadjusted cumulative incidences at
most of the times than the patients in the antiviral groups
for all selected outcomes except all-cause hospitalization,
where the molnupiravir group had higher unadjusted
cumulative incidences approximately from 100 days on.

Patient characteristics with standardized mean differ-
ences after SMR weighting are provided in Supplement
Table 5 A-5 C. After SMR weighting, the majority of the
covariates were well balanced with SMD less than 0-1
(Supplement Figs. 1A-10 C). The covariates with SMD
larger than 0-1 were added in the corresponding mod-
els for doubly robust adjustment. The plots of scaled
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430,414 patients with an index date of SARS-CoV 2 infection
between March 16, 2022, and Oct. 30, 2023

'

391,392 patients aged > 18 years

|

1,944 asthma patients with prescriptions of asthma
medications within one year before or on index date

Sequentially excluded:

a) 51 patients with drug contraindications to
nirmatrelvir/ritonavir;

b) 69 patients with severe renal impairment;

c) 11 patients with severe liver impairment;

d) 63 patients who were prescribed both
nirmatrelvir/ritonavir and molnupiravir during the
acute phase;

but not within five days of the index date.
f) 2 patients who were prescribed molnupiravir, but not
within five days of the index date.

e) 3 patients who were prescribed nirmatrelvir/ritonavir,

A 4

1,745 eligible patients

621 patients in the
nirmatrelvir/ritonavir group

molnupiravir group

378 patients in the 746 patients in the

control group

Fig. 1 Flowchart of patient inclusion and exclusion

Schoenfeld residuals did not show clear evidence of vio-
lation of the proportional hazards assumption (Supple-
ment Fig. 11A-11C).

In the comparison between the nirmatrelvir/ritonavir
group and control group, the Cox models showed sig-
nificantly lower risks of acute inpatient death (HR, 0-27
[95% CI, 0-12 to 0-59]; p=0-0011), post-acute inpatient
death (HR, 049 [95% CI, 0-28 to 0-85]; p=0-011), all-
cause hospitalization (HR, 0-72 [95% CI, 0-58 to 0-89];
p=0:0020), and myocardial infarction (HR, 0-10 [95%
CI, 0-01 to 0-92]; p=0-042) in the nirmatrelvir/ritonavir
group compared to the control group (Fig. 3A). The asso-
ciation between acute respiratory distress syndrome and
nirmatrelvir/ritonavir was not significant (HR, 0-38 [95%
CI, 0-14 to 1-01]; p=0-053). In the comparison between
the molnupiravir group and control group, patients in
the molnupiravir group had a significantly lower hazard
of acute inpatient death than those in the control group
(HR, 0-43 [95% CI, 0-23 to 0-81]; p=0-0092) (Fig. 3B). In
the comparison between the nirmatrelvir/ritonavir group

and molnupiravir group, the risk of post-acute all-cause
hospitalization was significantly lower in the nirmatrel-
vir/ritonavir group than in the molnupiravir group (HR,
0-65 [95% CI, 0-52 to 0-81]; p=0-00012) (Fig. 3C).

Some key findings of the subgroups analysis are
noted (Supplement Figs. 12A—14C). In the comparisons
between the nirmatrelvir/ritonavir group and control
group as well as between the molnupiravir group and
control group, patients who were prescribed no ICS or
low-dose ICS, compared to patients who were prescribed
medium- or high-dose ICS, had lower hazard ratios of
post-acute inpatient death (nirmatrelvir/ritonavir: 0-33
vs. 0-80; molnupiravir: 0-67 vs. 0-90) and all-cause hos-
pitalization (nirmatrelvir/ritonavir: 0-60 vs. 0-96; mol-
nupiravir: 0-96 vs. 1.10). In the comparison between
the nirmatrelvir group and molnupiravir group, among
patients who were prescribed medium- or high-dose ICS,
patients in the nirmatrelvir/ritonavir group had a lower
hazard of asthma exacerbation than those in the molnu-
piravir group (HR, 0-58 [95% CI, 0-35 to 0-95]; p=0.030).
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Table 1 Baseline characteristics of eligible patients before weighting
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Characteristic

Nirmatrelvir/ritonavir group

Molnupiravir Group Control Group

N 621
Age (median [IQR]) 70.00 [55.00, 80.00]
Sex
Fermale (%) 384 (61.8)
Male (%) 237 (38.2)
Vaccination status (%)
Unvaccinated 73(11.8)
1-2 doses 118 (19.0)
>3 doses 430 (69.2)
Hospital admission (%) 241 (38.8)
Concomitant pharmacological treatments
Dexamethasone (%) 28 (4.5)
Prednisolone (%) 36 (5.8)
Remdesivir (%) 12(1.9)
Comorbidity
Arrhythmia (%) 29 (4.7)
Cerebrovascular disease (%) 25 (4.0)
Chronic obstructive pulmonary disease (%) 55(8.9)
Congestive heart failure (%) 31 (5.0
Coronary artery disease (%) 36 (5.8)
Diabetes (%) 47 (7.6)
Hypertension (%) 109 (17.6)
Liver disease (%) 15(2.4)
Malignancy (%) 26 (4.2)
Renal disease (%) 5(0.8)
Recent use of an oral glucocorticoid (%) 108 (17.4)
ICS dose (%)
None 239 (38.5)
Low 133(214)
Medium 186 (30.0)
High 63 (10.1)

378
77.00 [67.00, 86.00]

746
72.00 [50.00, 85.00]

227 (60.1) 431(57.8)
151 (39.9) 315 (42.2)
71(188) 65 (22.1)
82(21.7) 222 (29.8)
225 (59.5) 359 (48.1)
156 (41.3) 336 (45.0)
11(2.9) 47(197)
28(74) 49 (6.6)
5(1.3) 134 (18.0)
5(19.8) 71(9.5)
46 (12.2) 57 (7.6)
40 (106) 106 (14.2)
8(15.3) 104 (13.9)
46(122) 86 (11.5)
7(15.1) 94 (12.6)
14 (30.2) 179 (24.0)
3(6.1) 31(42)
3(8.7) 40 (5.4)
2(5.8) 2(1.6)
06 (28.0) 223 (29.9)
109 (28.8) 258 (34.6)
71(188) 147 (19.7)
127 (33.6) 252 (33.8)
71(18.8) 89 (11.9)

A similar finding on asthma exacerbation was observed
among patients who were hospitalized on the index date
(HR, 049 [95% CI, 0-29 to 0-84]; p=0-0092). The sensi-
tivity analysis showed similar results to the those from
the primary analysis (Supplement Table 7, Supplement
Figs. 15, 16 and 17).

Discussion

There is limited research documenting the effectiveness
of antivirals on the acute and post-acute clinical out-
comes of SARS-CoV-2 infection specifically in patients
with asthma. Our study examined the association of the
COVID-19 antivirals with the acute and post-acute mor-
tality, all-cause hospitalization, and hospitalizations due
to several major diseases among patients with asthma in
Hong Kong during the Omicron-dominant period. We
primarily showed that asthma patients treated with nir-
matrelvir/ritonavir were associated with lower risks of
acute mortality, post-acute mortality, and all-cause hos-
pitalization after SARS-CoV-2 infection, whereas those
treated with molnupiravir only had a lower risk of acute

mortality, compared to patients not receiving the corre-
sponding antiviral treatment. Corroborated with a simi-
lar study, nirmatrelvir/ritonavir was more effective than
molnupiravir in reducing the risk of 90-day mortality
among patients with chronic respiratory diseases [19]. In
addition, the effect size of decreased risk in acute mortal-
ity among nirmatrelvir/ritonavir recipients in our study is
compatible to a study on patients with chronic respira-
tory diseases, on top of their demonstration of the acute
benefit of molnupiravir [20]. Our result is different from
Faust et al. [21], showing that there was no acute benefit
of nirmatrelvir/ritonavir on the composite outcome of
all-cause emergency department visits, hospitalization,
and mortality, among patients with asthma or chronic
obstructive pulmonary disease, likely due to a reduced
sample size in their subgroup analysis [21].

In respect of post-acute outcomes, while no investi-
gations were specifically designed for asthma patients,
the reduced risks of nirmatrelvir/ritonavir in our study
are compatible to that in studies using general out-
patients and hospitalized patients [8—10]. Our study
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Death (day 0-30)

20%
=== C: Control group
=== M: Molnupiravir group
15% 1 === N: Nirmatrelvir/ritonavir group
10% 1
5% 1
0% 1
0 10 20 30
Days
Number at Risk (Events)
C 746 (2 717 (30) 703 (14) 694 (7)
M 378 (0) 374 (5) 366 (7) 362 (4)
N 621(0) 618 (4) 613 (4) 613 (1)
ICU admission or respiratory support (day 0-30)
20% 1
15% 1
10%
N _'__‘_g-l"_'_‘__'_’_-
- -ﬁ_—#
0 10 20 30
Days
Number at Risk (Events)
C 746 (15) 695 (12) 679 (6) 668 (3)
M 378 (1) 373 (2) 362 (3) 357 (2)
N 621 (1) 612 (6) 605 (3) 604 (1)
All-cause hospitalization
80%
60%
40%
20%
0%
0 90 180 270 365
Days
Number at Risk (Events)
C 746 (0) 491 (184) 396 (89) 342 (48) 213 (41)
M 378 (0) 264 (91) 199 (64) 159 (41) 76 (18)
N 621 (0) 527 (84) 456 (69) 413 (39) 224 (40)

Cumulative incidence

Cumulative incidence

Cumulative incidence
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Death (day 31-365)
20%
15%
10%
5%
0% T T T T T
0 90 180 270 365
Days
Number at Risk (Events)
C 746 (0) 664 (28) 636 (23) 616 (15) 420 (13)
M 378 (0) 347 (14) 341 (5) 335 (5) 198 (7)
N 621 (0) 608 (3) 599 (8) 587 (7) 362 (7)
ICU admission or respiratory support (day 31-365)
20% A
15%
10%
5%
0%
0 90 180 270 365
Days
Number at Risk (Events)
C 746(0) 656 (15) 619 (15) 595 (7) 404 (9)
M 378 (0) 345 (4) 335 (6) 325 (5) 186 (4)
N 621 (0) 604 (5) 592 (5) 577 (5) 356 (6)
Asthma exacerbation
80%
60%
40%
20%
0%
0 90 180 270 365
Days
Number at Risk (Events)
C 746 (0) 615 (51) 561 (29) 520 (27) 342 (17)
M 378 (0) 332 (16) 310 (18) 293 (15) 161 (16)
N 621 (0) 588 (20) 566 (18) 541 (15) 322 (17)
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A
Outcome Control (Event/No. at risk [%]) N/R (Event/No. at risk [%]) HR (95% ClI) P value
Death )
Day 0-30 53/746 (7.1) 9/621 (1.4) 0.27 (0.12,0.59) +——=— E 0.0011
Day 31-365 79/746 (10.6) 25/621 (4.0) 0.49 (0.28, 0.85) —— 0.011
ICU admission or respiratory support )
Day 0-30 36/746 (4.8) 11/621 (1.8) 0.46 (0.19, 1.09) »—-—~< 0.077
Day 31-365 46/746 (6.2) 21/621 (3.4) 0.81 (0.40, 1.63) — 0.56
All-cause hospitalization 362/746 (48.5) 232/621 (37.4) 0.72 (0.58, 0.89) - E 0.0020
Cause-specific hospitalization E
Pulmonary conditions \
Chronic pulmonary disease excluding asthma 16/600 (2.7) 8/536 (1.5) 0.42 (0.16, 1.12) ’_'_E" 0.082
Acute respiratory distress syndrome 21/684 (3.1) 8/594 (1.3) 0.38 (0.14, 1.01) '—-—i 0.053
Cardiovascular conditions '
Myocardial infarction 13/723 (1.8) 1/615 (0.2) 0.10 (0.01, 0.92) '—'E 0.042
Stroke 6/712 (0.8) 6/601 (1.0)  2.73(0.70, 10.59) ——s———> 015
Asthma exacerbation 124/746 (16.6) 70/621 (11.3) 0.87 (0.61, 1.25) '—'—E—‘ 0.46
0.‘1 0.‘2 0.‘5 1‘ 2‘ é 1‘0
N/R better Control better
B
Outcome Control (Event/No. at risk [%]) Molnupiravir (Event/No. at risk [%]) HR (95% CI) P value
Death '
Day 0-30 53/746 (7.1) 16/378 (4.2) 0.43(0.23,0.81) — E 0.0092
Day 31-365 79/746 (10.6) 31/378 (8.2) 0.74 (0.45, 1.22) '—-—%—c 0.24
ICU admission or respiratory support i
Day 0-30 36/746 (4.8) 8/378 (2.1) 0.66 (0.26, 1.68) >—-—;—' 0.38
Day 31-365 46/748 (6.2) 19/378 (5.0) 0.92 (0.44, 1.95) '—-f—< 0.83
All-cause hospitalization 362/746 (48.5) 214/378 (56.6) 1.07 (0.86, 1.33) e 0.53
Cause-specific hospitalization E
Pulmonary conditions 5
Chronic pulmonary disease excluding asthma 16/600 (2.7) 9/315 (2.9) 0.51 (0.19, 1.38) b—-—é—' 0.18
Acute respiratory distress syndrome 21/684 (3.1) 10/355 (2.8) 0.78 (0.31, 1.95) v—-—f—- 0.60
Cardiovascular conditions H
Myocardial infarction 13/723 (1.8) 2/363 (0.6)  0.48 (0.08, 2.74) <—-—o— 0.41
Stroke 6/712 (0.8) 4/351(1.1)  0.79 (0.15, 4.13) e — ] 0.78
Asthma exacerbation 124/746 (16.6) 65/378 (17.2) 1.26 (0.86, 1.85) »—;—-—c 0.23
S S SR B S
Molnupiravir better Control better
C
Outcome Molnupiravir (Event/No. at risk [%])  N/R (Event/No. at risk [%]) HR (95% CI) P value
Death '
Day 0-30 16/378 (4.2) 9/621 (1.4)  0.71 (0.26, 1.92) »—-—E—« 0.50
Day 31-365 31/378 (8.2) 25/621 (4.0) 0.89 (0.47, 1.69) >—-:—' 0.73
ICU admission or respiratory support '
Day 0-30 8/378 (2.1) 11/621 (1.8) 1.55 (0.52, 4.59) »—é—-—c 0.43
Day 31-365 19/378 (5.0) 21/621 (3.4) 0.99 (0.47, 2.08) -—-:—' 0.97
All-cause hospitalization 214/378 (56.6) 232/621 (37.4) 0.65 (0.52, 0.81) = 0.00012
Cause-specific hospitalization E
Pulmonary conditions :
Chronic pulmonary disease excluding asthma 9/315 (2.9) 8/536 (1.5) 0.81 (0.27, 2.46) >—-—E—! 0.71
Acute respiratory distress syndrome 10/355 (2.8) 8/594 (1.3) 0.63 (0.23, 1.70) '—-—E—' 0.36
Cardiovascular conditions |
Myocardial infarction 2/363 (0.6) 1/615 (0.2) 0.82 (0.07, 9.50) : 0.87
Stroke 4/351 (1.1) 6/601 (1.0) 2.76 (0.58, 13.05) —_— 0.20
Asthma exacerbation 65/378 (17.2) 70/621 (11.3) 0.74 (0.50, 1.10) —a— 0.14

[ T T \I | [ 1
01 02 05 1 2 5 10

N/R better Molnupiravir better

Fig. 3 Effects of the antivirals on each outcome after weighting (the hazard ratios for the time intervals of Day 0-30 and Day 31-365 were derived from
separate Cox proportional hazards models). Outcomes were ascertained from Day 31 to Day 365, unless otherwise specified. The axis is in logarithmic
scale. (A): Comparison between the nirmatrelvir/ritonavir group and control group. (B): Comparison between the molnupiravir group and control group.
(C): Comparison between the nirmatrelvir/ritonavir group and molnupiravir group. N/R: nirmatrelvir/ritonavir
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demonstrated the long-term benefit of nirmatrelvir/rito-
navir on post-acute mortality in asthma patients, which is
in line with Bajema et al. [8] showing a similar reduction
in non-hospitalized patients. While they were unable to
demonstrate the protective effect on post-acute hospi-
talization, we additionally showed that asthma patients
treated with nirmatrelvir/ritonavir had significantly
lower risks of post-acute hospitalization as well as hos-
pitalization due to myocardial infarction, and a lower
risk of hospitalization due to acute respiratory distress
syndrome that was marginally significant. Given that nir-
matrelvir/ritonavir is able to lower the risk of acute sever-
ity of COVID-19, it may thus mitigate the progression
of myocardial infarction and acute respiratory distress
syndrome, as two of the major complications of severe
COVID-19 illness [33]. In contrast, we found that nirma-
trelvir/ritonavir was associated with a lower risk of post-
acute hospitalization compared to molnupiravir, and did
not observe a statistically significant effect of molnu-
piravir on reducing post-acute outcomes, echoing that
molnupiravir is generally regarded as less effective com-
pared to nirmatrelvir/ritonavir. Nevertheless, Fung et al.
[9] demonstrated a protective effect of molnupiravir on
PCC, in spite of differences in study population and the
definition of PCC. It should be noted that molnupiravir is
suggested for prescription to patients with severe hepatic
and renal impairment in Hong Kong due to the risk of
hepatotoxicity and nephrotoxicity in patients receiving
nirmatrelvir/ritonavir. Therefore, these patients may be
more prone to experiencing adverse health conditions
during the post-acute infection phase, potentially leading
to an insignificant risk reduction in PCCs.

Our subgroup analysis additionally showed that both
nirmatrelvir/ritonavir and molnupiravir were more effec-
tive in reducing post-acute mortality and hospitaliza-
tion among mild asthma patients (prescribed no ICS or
low-dose ICS) than among moderate-to-severe asthma
patients (prescribed medium- or high-dose ICS). In many
clinical management guidelines, patients with moderate-
to-severe asthma are generally suggested to be prescribed
nirmatrelvir/ritonavir or molnupiravir when infected
with COVID-19. The long-term benefits demonstrated
in our study thus suggest a potential consideration for
including antiviral prescriptions among those with mild
asthma. We also found that nirmatrelvir/ritonavir was
associated with lower risks of asthma exacerbation com-
pared to molnupiravir among patients with moderate-to-
severe asthma (prescribed medium- or high-dose ICS) or
relatively severe COVID-19 (hospitalized on the index
date of COVID-19). Nevertheless, with smaller sam-
ple sizes in the subgroups, the findings warrant further
investigation to validate.

The major strength of this investigation is that we
used the territory-wide real-world data, covering all the
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COVID-19 cases with asthma from inpatient and out-
patient settings to enhance the generalizability of the
study findings. The healthcare records of all the COVID-
19 cases, including medications, disease diagnoses, and
vaccinations were digitally documented, and have been
widely utilized in various investigations [2, 10, 13]. In
addition, our study period has been restricted to cover
almost all study participants infected by Omicron sub-
lineages BA.2 and BA.5 [34], reducing potential varia-
tions from different SARS-CoV-2 variants such as Delta
variant [35]. There are several limitations in this study.
Firstly, the COVID-19 patients were mainly treated by
nirmatrelvir/ritonavir and molnupiravir in Hong Kong
during the Omicron epidemics. Other antivirals such
as remdesivir were not studied due to a small number
of samples. Secondly, several post-acute sequelae out-
comes did not have enough number of cases, and this
may introduce sparse data bias. Thirdly, we acknowledge
the potential influence of residual confounding owing to
the observational design. For example, the heterogeneity
of healthcare-seeking behaviors between high and low
economic groups likely affected their attendance at out-
patient clinics for seeking antivirals.

In conclusion, our study demonstrated that asthma
patients treated with nirmatrelvir/ritonavir were associ-
ated with lower risks of acute and post-acute outcomes
after SARS-CoV-2 infection, while those treated with
molnupiravir only had a lower risk of acute mortality. In
addition, the post-acute benefits of the antivirals were
also demonstrated in patients with mild asthma. There-
fore, our findings suggested prescribing nirmatrelvir/rito-
navir over molnupiravir in asthma patients who contract
COVID-19, including those with mild asthma, if there is
no feasibility concern.
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