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Introduction: Nirmatrelvir-ritonavir (NMV-r) and molnupiravir (MOL) were developed as out-patient anti-viral for mild COVID-19.
There was limited data on their role in treating COVID-19 for hospitalized patients, especially among adult patients who are
unvaccinated and had chronic respiratory diseases.

Methods: A territory-wide retrospective study was conducted in Hong Kong to compare the efficacy of NMV-r and MOL against
COVID-19 in unvaccinated adult patients with asthma, chronic obstructive pulmonary disease, bronchiectasis and interstitial lung
diseases presenting with moderate COVID-19 from 16th February 2022 to 15th March 2023.

Results: A total of 1354 patients were included, 738 received NMV-r and 616 received MOL. NMV-r was more effective in reducing
90-day mortality with adjusted hazard ratios (aHR) of 0.508 (95% confidence interval [CI] = 0.314—0.822, p = 0.006). Patients who
received NMV-r also had significantly shorter length of stay (LOS) than those receiving MOL, with median LOS of 4 (Interquartile
range [IQR] = 2—7) for NMV-r and 6 (IQR = 3-10) for MOL (p-value < 0.001). There was no statistically significant difference in the
development of respiratory failure and severe respiratory failure in the two groups.

Discussion: NMV-r was more effective than MOL among unvaccinated adults with chronic respiratory diseases who were
hospitalized for moderate COVID-19 without hypoxaemia on admission.
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Introduction

The introduction of oral antivirals nirmatrelvir-ritonavir (NMV-r) and molnupiravir (MOL) against COVID-19 allows
successful outpatient management of COVID-19." NMV-r is a combination of oral protease inhibitors, with nirma-
trelvir blocking the activity of the SARS-CoV-2-3CL protease and coadministration with ritonavir slows the metabolism
of nirmatrelvir so it remains active in the body for longer and at higher concentrations. MOL is a nucleoside analog that
inhibits SARS-CoV-2 replication by inducing lethal mutations in the viral RNA. NMV-r and MOL have been demon-
strated to reduce hospitalization and mortality in clinical trials.*® The benefits were also demonstrated in real-world
studies.”” However, for patients with co-morbidities, including patients with chronic respiratory diseases (including
asthma, bronchiectasis, chronic obstructive pulmonary disease (COPD) and interstitial lung disease) who have compro-
mised pulmonary function, they may still develop moderate-to-severe diseases that require hospitalization.'®'* NMV-r
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and MOL have been suggested to be effective among adult patients with chronic respiratory diseases who were
unvaccinated, when managed in outpatients in preventing respiratory failure (NMV-r), severe respiratory failure
(NMV-r and MOL) and in-hospital mortality (MOL)."* Among patients hospitalized for COVID-19, remdesivir has
been approved to be used in the treatment of hospitalized children >12 years and adults with COVID-19, regardless of the
severity of disease.'” But remdesivir requires three intravenous doses over 3 days, which is less convenient than oral anti-
virals and early discharge is not possible before the 3-day course is finished, unlike for oral anti-virals. Given the
effectiveness of MOL and NMV-r against COVID-19 in prior studies, there have been studies on whether they can also
be used among hospitalized patients. A target trial emulation study suggested that both MOL and NMV-r could reduce
all-cause mortality in hospitalized patients regardless of the vaccination status. However, intensive care unit admission or
the need for ventilatory support was not reduced.'® Another study suggested that using NMV-r and MOL in hospitalized
patients who do not require supplementary oxygen at the time of admission is associated with clinical benefits in terms of
all-cause mortality, composite disease progression outcome, need for oxygen therapy and time to achieving a low viral
burden.'” To date, both MOL and NMV-r have only been approved to be used as out-patient anti-viral agents in patients
who are at high risk for progression to severe COVID-19, including hospitalization or death by The US Food and Drug
Administration (FDA)'®'® and European Medicines Agency (EMA).?%!

While NMV-r and MOL were proven to be effective as oral agents in out-patient setting, NMV-r was a more preferred
option given its superior clinical benefits over MOL.?* There was even less evidence on the use of NMV-r and MOL in
selected subgroup, such as those having chronic respiratory diseases,'® especially for head-to-head comparison. It is
worthwhile to know the effectiveness of NMV-r and MOL among these patients who are at risk of severe COVID-19.

Materials and Methods

We conducted a retrospective territory-wide cohort study in Hong Kong to investigate the efficacy of NMV-r and MOL
among adult patients who had chronic respiratory diseases (COPD, asthma, bronchiectasis and interstitial lung diseases
(ILD)), who were unvaccinated and hospitalized for COVID-19 with moderate severity at presentation that did not
require supplemental oxygen on admission. Eligible patients were identified from the Clinical Data Analysis and
Reporting System (CDARS) of Hospital Authority (HA), which is an electronic database containing all the patient
information within HA. HA operates all public hospitals and clinics and is responsible for the vast majority of healthcare
services in Hong Kong. It also managed the majority of patients with COVID-19 in Hong Kong. Patients that were
clinically stable would be managed in designated outpatient clinics. Patients with moderate-to-severe COVID-19 or had
multiple co-morbidities would be admitted to designated isolation facilities.”> Early COVID-19 treatment regimens
would be offered to inpatients who were at high risk of severe disease. MOL was first available in Hong Kong on 26th
February 2022, while NMV-r from 16th March 2022. Patients were considered to have a high risk of severe disease if
they had the following conditions: diabetes mellitus, obesity (body mass index >30 kg/m?), age >60, immunocompro-
mised, chronic diseases and COVID-19 vaccination incomplete. For patients with mild symptoms but at high risk of
disease progression and within 5 days of disecase onset, NMV-r or MOL will be started. NMV-r is the preferred agent
unless contraindicated.

Patients with confirmed COVID-19 were identified by the International Classification of Diseases, Ninth Revision
(ICD-9) diagnostic code of 519.8 from 26th February 2022 to 15th March 2023. According to the National Institutes of
Health (NIH) Coronavirus Disease 2019 (COVID-19) Treatment Guidelines, moderate COVID-19 was defined as
COVID-19 among patients who had lower respiratory disease on clinical assessment or imaging and had an oxygen
saturation >94% on room air at sea level.”* Patients with underlying COPD, asthma, bronchiectasis and ILD were
identified using the following ICD-9 diagnostic codes of 493.x, 496.x, 494.x and 516.3/517.2/517.8/714.81/495,
respectively.”> %’ Patients who had a previous history of COVID-19, who received MOL or NMV-r in an outpatient
setting before hospitalization, who received remdesivir treatment, received both MOL and NMV-r in the same index
admission (simultaneous or sequential) and those requiring supplementary oxygen upon admission were excluded. The
cohort was followed-up until 30th June 2023. There is no overlap between the current inpatient cohort and the outpatient
cohort in our previous work as all the patients who had outpatient management were excluded in this study.'®
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Unvaccinated patients were referred to as patients who did not complete two doses of COVID-19 within 14 days at the
time of COVID-19.

The exposure of interest was NMV-r and MOL prescriptions in hospitalized patients who had chronic respiratory
diseases and were unvaccinated and who do not need supplemental oxygen on admission. The standard treatment course
of NMV-r and MOL was 5 days.?®

The study was approved by the Institutional Review Board of the University of Hong Kong/Hospital Authority
Hong Kong West Cluster (UW 23-450).

Outcomes

The primary outcome of interest was COVID-19 related mortality within 90 days of the onset of infection. The secondary
outcomes include COVID-19 related respiratory failure, COVID-19 related severe respiratory failure, in-hospital
mortality, and length of stay. COVID-19 related respiratory failure was defined as desaturation with oxygen saturation
<90% within 14 days of confirmed COVID-19. COVID-19 related severe respiratory failure was defined as the need for
high flow nasal cannula (HFNC), non-invasive ventilation (NIV), or invasive mechanical ventilation (IMV) within 14
days of confirmed COVID-19.%

Statistical Analysis

Clinical and demographic data were described in frequency, mean (+ standard deviation [SD]) or median (interquartile
range [IQR]). Categorical variables were expressed as frequency and percentage and compared with Chi-square tests or
Fisher’s exact tests where appropriate. Continuous variables were expressed as mean (+ SD) and compared with
Student’s t-tests or Mann—Whitney U-tests where appropriate. MOL was chosen to be the reference group for comparison
with the NMV-r group. To identify whether NMV-r or MOL use was associated with protection from the primary and
secondary outcomes, univariate logistic regression analyses were performed. The length of stay in both groups was
compared by linear regression. Multiple logistic regression was adopted to account for potential confounders including
age (<70 or >70), sex, Charlson comorbidity index (CCI) (<5 or >5), time from admission to initiation of antiviral (<3 or
>3 days), degree of renal impairment, concomitant Group 1 to 3 medication and underlying respiratory diagnosis, all as
categorical variables by a multivariate analysis model. Cox regression analysis was used to assess survival. Kaplan—
Meier analysis was used to estimate the cumulative death rates and the stratified log-rank statistics to assess the effects of
anti-viral treatment in the follow-up period with respect to the composite end point of death in 90 days. Statistical
significance was determined at the level of p value below 0.05. Odds ratios (OR), hazard ratios (HR) and 95% confidence
intervals (CI) for the outcomes in the NMV-r and MOL groups were calculated using logistic regression and Cox
regression, respectively. Statistical analyses were performed using the 28th version of SPSS statistical package.
Sensitivity analysis was performed, analyzing patients who received early treatment for NMV-r and MOL, as defined
by within 5 days of admission. The same co-primary outcomes were analyzed in sensitivity analysis with logistic
regression and Cox regression as in primary analysis.

Results

A total of 3856 adult unvaccinated patients who had chronic respiratory diseases were identified from CDARS. A total of
2502 patients were excluded and 1354 were included in the final analysis. The patient selection is illustrated in Figure 1.
Among the 1354 patients in the cohort, 738 received NMV-r and 616 patients received MOL (Table 1). Patients who
received NMV-r were younger than those who received MOL (Median 78.5 vs 82 years old, p < 0.001), had lower CCI
(median 5 vs 6, p < 0.001), less likely to be on concomitant Group 1 to 3 medication (Table S1) that would interact with
NMV-r (57.2 vs 83.4%, p < 0.001) and had anti-viral within 3 days of admission (94.4% vs 91.5%, p = 0.037).

COVID-19-Related Respiratory Failure
Among the patients included in the study, 9.0% (122/1354) developed COVID-19 related respiratory failure (Table 2).
Patients who received MOL (10.7%) were more likely to develop COVID-19 related respiratory failure than those who
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Adult patients (n=3856) with chronic respiratory diseases who were
unvaccinated and admitted for COVID-19 as the principal diagnosis
from 26 February 2022 to 15 March 2023

Patients excluded (n=2502)
* Past COVID-19 (n=405)

* Received NMV-r or MOL before hospitalization (n=648)
* Received Remdesivir (n=178)
* Received both NMV-r and MOL in the same index admission (n=603)
* Required supplementary oxygen on admission (n=668)

Figure | Flow diaphragm on patient selection.

received NMV-r (7.6%). The unadjusted OR was 0.684 (95% CI = 0.471-0.994, p = 0.046) for NMV-r. The adjusted OR

Received NMV-r only in the
index admission (n=738)

Received MOL only in the index
admission (n=616)

(aOR) was 0.841 (95% CI = 0.530-1.332, p = 0.460) for NMV-r.

COVID-19-Related Severe Respiratory Failure

COVID-19 related severe respiratory failure developed in 2.4% (32/1354) of the included patients (Table 2). There were
16 (2.6%) patients who received MOL and 16 (2.2%) patients who received NMV-r developed COVID-19 related severe
respiratory failure. The unadjusted OR was 0.831 (95% CI = 0.412—-1.676, p = 0.605) for NMV-r. The aOR was 0.797

(95% CI = 00.333-1.905, p = 0.609) for NM V-r.

Table | Demographic and Clinical Characteristics of Included Patients

Whole Cohort (n = 1354) | NMV-r (n =738) | MOL (n = 616) | p-value
Age
270 years 1102% (81.4%) 582 (78.9%) 520 (84.4%) 0.009*
Male 875 (64.6%) 477 (64.6%) 398 (64.6%) 0.993
Respiratory diseases 0.107
Asthma 517 (38.2%) 293 (39.7%) 224 (36.4%)
Bronchiectasis 200 (14.8%) 118 (16.0%) 82 (13.3%)
COPD 633 (46.8%) 324 (43.9%) 309 (50.2%)
ILD 4 (0.3%) 3 (0.4%) 1 (0.2%)
Chinese ethnicity 1329 (98.2%) 725 (98.2%) 604 (98.1%) 0.844
Ccl
25 835 (61.7%) 389 (52.7%) 446 (72.4%) <0.001*
Baseline blood test, median [IQR]*
Leucocyte count 6.6 [5.5-8.1] 6.8 [5.7-8.1] 6.5 [5.2-8.2] 0.157
ALT 17.3 [12.1-25.3] 18.0 [13.0-26.0] 17.0 [11.3-24.8] 0.190
(Continued)
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Table | (Continued).

Whole Cohort (n = 1354) | NMV-r (n =738) | MOL (n = 616) | p-value

Renal impairment? <0.001*

Mild 505 (37.3%) 336 (45.5%) 169 (27.4%)

Moderate 338 (25.0%) 161 (21.8%) 177 (28.7%)

Severe 144 (10.6%) 24 (4.6%) 120 (19.5%)
Concomitant medication®

Group | 257 (19.0%) 63 (8.5%) 194 (31.5%) <0.001*

Group 2 747 (55.2%) 365 (49.5%) 382 (62.0%) <0.001*

Group 3 928 (68.5%) 433 (58.7%) 495 (80.4%) <0.001

Any of group |, 2 or 3 1126 (83.2%) 547 (74.1%) 579 (94.0%) <0.001**
Time since admission 0.075

<3 days 1261 (93.1%) 697 (94.4%) 564 (91.5%) 0.037%*

4-5 days 17 (1.3%) 7 (0.9%) 10 (1.6%)

>5 days 76 (5.6%) 34 (4.6%) 42 (6.8%)
COVID-related outcomes

Respiratory failure 122 (9.0%) 56 (7.6%) 66 (10.7%) 0.045*

Severe respiratory failure 29 (2.1%) 15 (2.0%) 14 (2.3%) 0.761

In-hospital mortality 25 (1.8%) 4 (0.5%) 21 (3.4%) <0.001*
Length of stay (days), 5 [2-8] 4 [2-7] 6 [3-10] <0.001*
Median [IQR]

Notes: The values are number of patients (%) unless specified. "Commonly prescribed concomitant medications that have clinically relevant
drug—drug interactions with NMV-r are categorized into three groups according to management strategies: group |, prescribe alternative COVID-
19 treatment; group 2, withhold concomitant medication temporarily if clinically appropriate; and group 3, adjust concomitant medication dose
and monitor for adverse effects. “Unit of measurement is X 107/ Litre. “Renal impairment: none (eGFR 290 mL/min/1.73 m?), mild (eGFR 260 to
<90mL/min/1.73 mz), moderate (eGFR 230 to <60mL/min/1.73 mz) and severe (eGFR (<30 mL/min/1.73 mz). *Statistically significant.
Abbreviations: ALT, Alanine aminotransferase; CCl, Charlson comorbidity index; DOACsS, direct-acting oral anticoagulants; eGFR, estimated
glomerular filtration rate (mL/min/1.73 mz); IQR, interquartile range; MOL, Molnupiravir; NMV-r, nirmatrelvir-ritonavir.

Table 2 Effectiveness of Nirmatrelvir-Ritonavir (NMV-r) and Molnupiravir (MOL) in Preventing COVID-19 Related Respiratory
Failure, Severe Respiratory Failure and Mortality

COVID-19 Related Number of Patients Antiviral Effectiveness (NMV-r Compared with MOL as Reference)
Outcomes (% in Group)
NMV-r MOL OR aOR
(n=1738) | (n=616)

Respiratory failure 56 (7.6%) 66 (10.7%) | 0.684 (95% ClI = 0.471-0.994), p = 0.046* | 0.841 (95% Cl = 0.530-1.332), p = 0.460
Severe respiratory failure 16 (2.2%) 16 (2.6%) 0.831 (95% Cl = 0.412-1.676), p = 0.605 | 0.797 (95% CI = 0.333-1.905), p = 0.609
In-hospital mortality 4 (0.5%) 21 (3.4%) | 0.154 (95% Cl = 0.053-0.452), p < 0.001* | 0.115 (95% CI = 0.024-0.546), p = 0.006*
90-day mortality 26 (3.5%) 63 (10.2%) | 0.321 (95% CI = 0.200-0.513), p < 0.001* | 0.500 (95% CI = 0.299-0.836), p = 0.008*

Notes: The odd ratios were adjusted for age (<70 or >70), gender, Charlson comorbidity index (<5 or >5), time from admission to initiation of antiviral (<3 or >3 days),
degree of renal impairment, concomitant Group | to 3 medication and underlying respiratory diagnosis; all as categorical variables. *Statistically significant.

Mortality

Overall, 1.8% (25/1354) died within the index hospitalization (Table 2). Patients who received MOL (3.4%) were
significantly more likely to die within the index hospitalization than patients who received NMV-r (0.5%). The
unadjusted OR was 0.154 (95% CI = 0.053-0.452, p < 0.001) for NMV-r. The aOR was 0.115 (95% CI = 0.024—
0.546, p = 0.006) for NMV-r. This suggests that patients who received NMV-r had a lower risk of in-hospital mortality
even after adjusting for confounders.
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Overall, 6.6% (89/1354) died within 90 days from the day of admission (Table 2). Patients who received MOL (5.7%)
were more likely to die within 90 days from day of admission than patients who received NMV-r (1.6%). The unadjusted OR
was 0.321 (95% CI=0.200-0.513, p <0.001) for NMV-r. The aOR was 0.500 (95% CI = 0.299-0.836, p = 0.008) for NMV-r.

Survival analysis with the outcome of 90-day mortality was performed with Cox-regression. The HR was 0.333 (95%
CI = 0.211-0.526, p < 0.001) and aHR was 0.508 (95% CI = 0.314-0.822, p = 0.006) for patients receiving NMV-r,
suggesting that patients who received NMV-r had lower risks of 90 days mortality (Figure 2).

Length of Stay (LOYS)
The median LOS was 4 (IQR = 2-7) for patients receiving NMV-r and 6 (IQR = 3—10) for patients receiving MOL. The
p-value was <0.001 in both univariate and multivariate analysis. This suggests that patients who received NMV-r had

significantly shorter LOS.

Sensitivity Analysis
Subgroup analysis was performed on patients who received early treatment for NMV-r and MOL, as defined by within 5
days of admission. There were 1278 patients, 704 received NMV-r and 574 received MOL. The results from the
sensitivity analysis were consistent with those from the primary analysis and the results were summarized in Tables
S2 and S3 and Figure S1.

Discussion

To the best of our knowledge, this study is the first real-world study to suggest the superiority of NMV-r over MOL as an
in-patient anti-viral agent among adult patients who had underlying COPD, asthma, bronchiectasis and ILD, who were
unvaccinated and hospitalized for moderate COVID-19 at presentation. Our findings concur with previous report on the
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Figure 2 Survival analysis for whole cohort.
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efficacy of NMV-r use among patients hospitalized for COVID-19, as well as other literature to suggest the superiority of
NMV-r over MOL in other settings.'’** This mainly lies on the mortality reduction with aOR of 0.321 and aHR of 0.503
for 90-day mortality. There were also benefits in terms of shorter LOS. The results suggested the use of NMV-r over
MOL in adult unvaccinated patients who had chronic respiratory diseases hospitalized for moderate COVID-19.

In previous studies, while there may be trends to suggest NMV-r being superior to MOV as in-patient anti-viral,
a definite conclusion was not reached.'®'” Furthermore, they included all in-patients, regardless of the COVID-
vaccination status and the co-morbidities. Whether these results are applicable to patients at increased risk of severe
COVID-19, such as unvaccinated patients with chronic respiratory diseases, is uncertain. We try to provide possible
answers to the above questions with the current study. Our study included a more well-defined cohort of adult
unvaccinated patients who had chronic respiratory diseases only. They were all not requiring supplementary oxygen at
the time of admission, which suggested that they had moderate but not severe COVID-19. From the results of this well-
defined cohort, it further enriches the prior reports on potential success with early initiation of NMV-r among selected
hospitalized patients with COVID-19 in particular the subgroup with underlying chronic respiratory diseases, who had
a high risk of severe COVID-19. Early treatment with NMV-r for these patients could prevent mortality, as well as
hastening the recovery with shorter LOS, as shown by our study, as in other patient groups as demonstrated by prior
studies.'®!” The findings can allow for the potential use of NMV-r as an initial oral anti-viral for adult unvaccinated
patients who had chronic respiratory diseases admitted for COVID-19, who do not require supplementary oxygen at the
time of admission.

While remdesivir was the only approved anti-viral agent to be used for patients hospitalized for COVID-19, there has
been concern about its effectiveness®” and a prospective observational study suggested NMV-r to be more effective than
remdesivir in out-patient management.’' Based on the results from our study, as well as previous reports, NMV-r may
have an emerging role as a potential anti-viral option among patients hospitalized with COVID-19 who had moderate
disease, at least as an alternative to remdesivir, with mortality reduction and hastening the recovery with shorter length of
stay. Another benefit of NMV-r over remdesivir is on the ease of administration as an oral anti-viral, as remdesivir needs
to be given by intravenous route. On the other hand, the prescription of MOL among hospitalized patients might not be
most appropriate as it is less effective than NMV-r. The role of MOL in hospitalized patients with chronic respiratory
diseases who did not have COVID-19 vaccination should be properly assessed in future studies.

Patients with underlying medical co-morbidities and unvaccinated are considered to have increased risks for COVID-
19 complications according to local clinical management guideline issued by HA. They warrant early treatment to
prevent disease progression according to local practice guideline.”> While there have been studies to suggest the NMV-r
to be superior to MOL among mild-to-moderate COVID-19, MOL are considered among patients who are contra-
indicated to NMV-r, in particular patients with major renal impairment and on drugs that have potential interaction with
NMV-r. In our study, more patients were treated with NMV-r than MOL. The main reason for prescribing MOL is the use
of concomitant medication that are reported to have clinically relevant drug—drug interactions, with 94.0% on Group 1 to
3 medication in the MOL group. From our study findings, the careful consideration of NMV-r with appropriate dose
adjustment or suspension of concomitant medication if clinically feasible should be seriously considered, as MOL was
shown to be less effective in terms of mortality reduction and length of stay.

In this study, patients prescribed with NMV-r were older and more likely to be on Group 1 to 3 medications. This
could reflect the clinicians’ preference on anti-viral among elderly patients with co-morbidities, due to potential concerns
of drug interaction and renal function impairment among elderly patients. Patients prescribed with NMV-r were also
initiated with anti-virals earlier. But more than 90% of the patients were prescribed with NMV-r or MOL within 5 days of
hospital admission, which is the recommended time frame for anti-viral prescription.

Despite demonstrating the survival benefits from NMV-r, there was no statistical significance regarding the other
outcomes including respiratory failure and severe respiratory failure in the two groups. This could be explained by the
fact that the development of respiratory failure and severe respiratory failure could be affected by the severity of the
underlying respiratory diseases. Patients with more advanced underlying respiratory diseases might be more prone to
developing respiratory failure and severe respiratory failure upon having COVID-19 and any other respiratory viral
infections. To properly assess the benefits of anti-virals in terms of respiratory failure, a prospective study with proper
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measurement of other respiratory related parameters such as the ratio of partial pressure of oxygen in arterial blood
(Pa0,) to the fraction of inspiratory oxygen concentration (Fi0O,), time to wean off from supplementary oxygen and the
duration of mechanical ventilation would be helpful.

The strength of this study is that a highly specialized population was selected, who are at increased risk of severe
COVID-19. Moreover, the efficacy of NMV-r and MOL was compared at the time of the fifth wave of outbreak in
Hong Kong, with Omicron variants being the dominant strain. The results from this study were also consistent with
previous reports on the use NMV-r and MOL for Omicron variants. Our study is also the first head-to-head comparison
of NMV-r and MOL as in-patient anti-viral for adult unvaccinated patients who had underlying chronic respiratory
diseases.

In our study, public electronic medical record was used which encompass the vast majority of COVID-19 cases in the
study period. Together with the introduction of NMV-r and MOL in the public health-care system during the fifth wave of
COVID-19, the effectiveness in adult unvaccinated patients who had underlying chronic respiratory diseases is assessed
in real-world settings. There are few limitations in our study. First, in the prescription of antivirals, indication bias could
be present, as reflected by the differences in age and co-morbidities among the NMV-r and MOL groups. Potential
residual confounding due to indication and contraindications could be present when deciding on the prescription MOL
over NMV-r. Nonetheless, potential confounders including CCI, baseline eGFR, prescription record of group 1 to 3
medication and other important confounders were adjusted in multivariate analysis with consistent results. As
a retrospective study, the medication prescription and the follow-up management are not exactly protocol based. The
date of symptom onset was not available, and the date of hospital admission was used as a surrogate. Nonetheless, the
management of COVID-19 for patients in this cohort is largely following the standard treatment guidelines as required by
HA. Following a local guideline for the management of COVID-19 in the public hospitals can help to minimize the
heterogeneity in patient management. The relatively small sample size is also a potential limitation in our study. The
inclusion of only patients with chronic respiratory diseases may limit the generalizability of the results, though similar
findings have been demonstrated in other studies. Another limitation is that the exact symptom onset date was not
available, and we used the time from hospital admission to the time of anti-viral initiation to define whether the patients
had early anti-viral treatment.

Conclusion
Among unvaccinated adults having chronic respiratory disease hospitalized for moderate COVID-19, NMV-r was more
effective than MOL with benefits in terms of mortality reduction and shorter LOS compared.
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