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Background: While different COVID-19 vaccines have been developed, there has been lack of data on the efficacy comparison
between mRNA and inactivated whole virus vaccine among patients with chronic respiratory diseases, including asthma, chronic
obstructive pulmonary disease (COPD), and bronchiectasis.

Methods: This was a retrospective case control study on the efficacy of BNT162b2 (mRNA vaccine) and CoronaVac (inactivated
whole virus vaccine) against COVID-19 in patients with chronic respiratory diseases. A total of 327 patients were included, with 109
patients infected with COVID-19 matched with 218 patients without COVID-19. The co-primary outcomes were vaccine effectiveness
against symptomatic COVID-19, COVID-19-related hospitalization and COVID-19-related respiratory failure. Vaccine effectiveness
was calculated using the formula (1-adjusted odds ratio) x 100.

Results: Patients who received at least 2 doses of CoronaVac had lower risk of being hospitalized for COVID-19 and developing
respiratory failure than those who did not have vaccination, with adjusted odds ratio (OR) of 0.189 (95% CI = 0.050-0.714, p = 0.014)
and 0.128 (95% CI = 0.026-0.638, p = 0.012) respectively. Patients who received at least 2 doses of BNT162b2 had lower risk of
being hospitalized for COVID-19 and developing respiratory failure than those who did not have vaccination with adjusted OR of
0.207 (95% CI = 0.043-0.962, p = 0.050) and 0.093 (95% CI = 0.011-0.827, p = 0.033) respectively. There was no statistically
significant difference in the risks of being hospitalized for COVID-19 and developing respiratory failure between patients who
received at least 2 doses of CoronaVac or BNT162b2.

Conclusion: BNT162b2 and CoronaVac vaccines are effective in preventing hospitalization for COVID-19 and respiratory failure
complicating COVID-19 among patients with chronic respiratory diseases. Patients with chronic respiratory diseases should be
encouraged to have COVID-19 vaccination.
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Introduction

The development of vaccines to prevent SARS-CoV-2 infection has been one of the major breakthroughs in the
management of the COVID-19 pandemic. Various COVID-19 vaccines have been developed using different platforms.
The efficacy of COVID-19 vaccines has been demonstrated, in large placebo-controlled trials and observational data, to
reduce the risk of symptomatic and severe COVID-19.""'° In Hong Kong, BNT162b2 and CoronaVac vaccines are
available for all Hong Kong residents with vaccine pass being developed to encourage vaccination among the general
population. The Hong Kong government implemented a territory-wide COVID-19 Vaccination Programme free of charge
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for all Hong Kong residents since February 2021. Hong Kong residents can receive the vaccines in community
vaccination centers, designated general outpatient clinics of the Hospital Authority, designated clinics of the
Department of Health, and designated private clinics. Outreach vaccination service and vaccination by visiting medical
officers are also provided for residents in residential care homes and nursing homes. For both BNT162b2 and CoronaVac,
completion of vaccination is defined as receiving 2 doses of the vaccine while a booster dose was proposed since late
2021 in light of emergence of COVID-19 variant strains. mRNA vaccines were shown to be more relevant to serious
adverse events than viral vector and inactivated vaccines according to systematic review. However, there was no solid
evidence to suggest that COVID-19 vaccines directly caused serious adverse events. Regarding vaccine efficacy, it was
suggested that two mRNA vaccine doses conferred a lesser risk of SARS-COV-2 infection than vaccination with viral
vector and inactivated vaccines, while all COVID-19 vaccines were shown to be able to reduce the risk of severe SARS-
CoV-2 infection.' In a study conducted in Singapore, compared to individuals vaccinated with BNT162b2, recipients of
CoronaVac and Sinopharm were 2.37 (95% CI 2.29-2.46) and 1.62 (95% CI 1.43—1.85) times more likely to be infected
with COVID-19 respectively, while individuals vaccinated with Moderna were 0.42 (95% CI 0.25-0.70) times less likely
to develop severe disease.'”

COVID-19 vaccination rates in Hong Kong were low initially, as the number of COVID-19 infected cases and
mortality remained low until early 2022. The Delta and Omicron outbreaks in early 2022 led to an exponential increase
in COVID-19 infected case numbers with rapid rise in mortality, especially among unvaccinated elderly patients who had
underlying co-morbidities.'* ">

In Hong Kong, the public health care service is provided by Hospital Authority (HA), which manages 43 hospitals
and institutions, and 122 outpatient clinics, managing more than 90% of the patients in Hong Kong. HA is also
responsible for coordinating outpatient and inpatient care of COVID-19 patients. The majority of patients with
COVID-19 were managed in out-patient setting in designated clinics if they were clinically stable patients with moderate
to severe disease and those with multiple medical co-morbidities were admitted to airborne infection isolation room
(AIIR) with standard, contact, droplet and airborne precautions. The Hospital Authority Central Committee on Infectious
Diseases and Emergency Response (CCIDER) issued updated Interim Recommendation on Clinical Management of
Adult Cases with Coronavirus Disease 2019 (COVID- 19) regularly to guide the treatment pathway for COVID-19
cases.'® For patients who have mild symptoms but at risk of disease progression and within 5 days of onset of symptoms,
ritonavir-boosted nirmatrelvir (Paxlovid) or molnupiravir (Lagevrio) will be started. Remdesivir (Veklury), dexametha-
sone and tocilizumab could be given to patients with more severe diseases as well.

While there were also data on mRNA and inactivated COVID-19 vaccines among selected patient subgroups, the
results were mainly focusing on immunogenicity or safety.'”>* Patients with chronic respiratory disease, including
asthma, chronic obstructive pulmonary disease (COPD) and bronchiectasis were at increased risk of adverse outcomes
with COVID-19.2*%° There are literature suggesting asthma being a risk factor for severe COVID-19 with respiratory
and systemic complications®* and mortality.*® While in COPD, there were reports on increased risks of hospitalization,
ICU admission and mortality.>' Although the degree of disease control of asthma and COPD could also contribute to
these observations. COVID-19 in patients with bronchiectasis was reported to have higher rates of supplemental oxygen,
extracorporeal membrane oxygenation (ECMO), and higher mortality than those without bronchiectasis.** There has
been a lack of evidence comparing mRNA and inactivated COVID-19 vaccines in these patients. In this study, we aimed
to assess the clinical efficacy of two COVID-19 vaccines, BNT162b2 and CoronaVac, among patients with chronic
respiratory diseases, including asthma, COPD, and bronchiectasis.

Materials and Methods

Study Design and Data Sources

This was a retrospective case-control study on the efficacy of BNT162b2 and CoronaVac against COVID-19 in patients
with chronic respiratory diseases. The study period started on 1 January 2022 and ended on 1st May 2022 for confirmed
infection, and ended on 15 May 2022. Adult patients aged >18 years who were followed-up in the respiratory clinic in
Queen Mary Hospital for asthma, COPD and bronchiectasis were included. Patients’ records were accessed through the
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electronic patient record (ePR) of the Hong Kong Hospital Authority, which consists of the records of all patients with
out-patient clinic attendances and hospital admissions. The information available included patient demographics, clinical
notes, investigation results and treatment records. Demographic data (age, gender, smoking status) and clinical data /
investigations (comorbidities, spirometry results, date of COVID-19, hospitalization and complications from COVID-19,
date and dose of COVID-19 vaccination, type of COVID-19 vaccine) were identified from clinical records. Spirometry
was performed with CareFusion Vmax® Encore 22 system. Spirometry data were interpreted with the updated spiro-
metric reference values for adult Chinese in Hong Kong.>® The vaccination records until 1 May 2022 were collected from
the Clinical Management System (CMS) of the Hospital Authority. The patients infected with Omicron BA.2 (ie, the fifth
wave) of COVIDI19 outbreak in early 2022 were identified.

The study was approved by the Institutional Review Board of the University of Hong Kong and Hospital Authority
Hong Kong West Cluster (UW 22-550).

Outcomes

The primary outcome was the number of hospitalizations for COVID-19. The secondary outcomes included symptomatic
COVID-19 and respiratory failure complicating COVID-19. Hospitalization for COVID-19 was defined by an admission
to acute medical ward for management of COVID-19 for more than 24 hours. COVID-19 was confirmed by at least two
positive PCR tests for SARS-CoV-2. Patients who received at least 2 doses of COVID-19 vaccines more than 14 days
prior were considered to be fully vaccinated. Those who received only 1 dose of COVID-19 vaccine or 2 doses but less
than 14 days from the last dose were considered to be partially vaccinated. Severe COVID-19 was defined as desaturation
with saturation of oxygen below 90% within 14 days of confirmed COVID-19, as per World Health Organization
COVID-19 Clinical management Living guidance definition.>* The end date of the study period for severe COVID-19
with respiratory failure was set to 14 days before the date of data retrieval to allow at least 14 days of follow-up time for
development of severe illness.

Statistical Analysis

The demographic and clinical data were described in actual frequency, mean £ SD or median £ interquartile range.
Baseline demographic and clinical data were compared between the patients with or without COVID-19 with two-sided
unpaired #-tests. To identify whether COVID-19 vaccination was associated with protection from hospitalization for
COVID-19, symptomatic COVID-19 and development of respiratory failure from COVID-19, univariate logistic
regression analyses were performed. Multiple logistic regression modeling was used to account for potential confounders
including age, gender, smoking status, residential area, underlying respiratory disease and baseline FEV}, calendar time
of COVID-19 (biweekly interval, from 1 Jan 2022 onwards) and number of co-morbidities by a multivariate analysis
model. The statistical significance was determined at the level of p=0.05. The odds ratios (OR) and 95% confidence
intervals for the outcomes in the vaccinated and unvaccinated groups were calculated by logistic regression. When
comparing the two vaccinated groups who had different COVID-19 vaccines, CoronaVac was selected to be the control
group. Vaccine effectiveness was calculated as (1 - adjusted odds ratio) x 100 in primary analysis (method 1). All the
statistical analyses were done using the 26th version of SPSS statistical package. As for sensitivity analysis, we used
multivariate Cox-regression to estimate hazard ratio (HR) of developing the composite end points in vaccinated group
and unvaccinated group (method 2). Potential confounders listed in logistic regressions were also controlled in Cox-
regression.

Results

A total of 895 patients with asthma, COPD, and bronchiectasis were identified from the clinic cohort. Among these 895
patients in the cohort, 109 patients were infected with COVID-19 and 786 were not. Patients below the age of 18, of non-
Chinese ethnicity and those who had previous COVID-19 before inclusion, were excluded. The controls, which were
uninfected patients with chronic respiratory diseases were identified within the cohort and case/control were matched at 1
to 2 ratio, as matched by age, gender, smoking status and underlying respiratory diagnosis (Figure 1). If more than 2
suitable control subjects fulfilling the inclusion criteria were identified, the subjects with missing information were
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Figure | Flow diagram for case selection.

removed. A total of 327 patients were included in the analysis (109 COVID-19 infected and 218 not infected) (Figure 1).
Among the 327 patients included in the analysis, there were 210 (64.2%) male patients, with mean age of 69.9. There
were 153 (46.8%) patients with COPD, 51 (15.6%) with asthma and 123 (37.6%) with bronchiectasis. 130 (39.8%)
patients did not receive COVID-19 vaccine, 103 (31.5%) received CoronaVac, and 93 (28.7%) received BNT162b2. The
baseline demographics of the patients were listed in Table 1. Figure S1 showed the temporal change in percentages of
patients vaccinated with CoronaVac and BNT162b2 from 2/2021 to 5/2022. The median time from receipt of

first, second, and third doses for COVID-19 in the two vaccine groups was not significantly different (Table 2).

Table | Baseline Demographic and Clinical Characteristics of Included Patients

COVID-19 Group | Control Group | p-value
No. of patients 109 218
Age (years), mean * SD 70 = 147 69.5 = 145 1.0
Gender 1.0
Male 70 (64.2%) 140 (64.2%)
Female 39 (35.8%) 78 (35.8%)
Ever smoker 73 (67.0%) 146 (67.0%) 1.0
Underlying respiratory disease 1.0
Asthma 17 (15.6%) 34 (15.6%)
Bronchiectasis 41 (37.6%) 82 (37.6%)
COPD 51 (46.8%) 102 (46.8%)
Co-morbidities
Hypertension 48 (44.0%) 71 (32.6%) 0.051
Diabetes Mellitus 22 (20.2%) 35 (16.1%) 0.359
Ischemic heart disease 14 (12.8%) 29 (13.3%) 0.529
(Continued)
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Table | (Continued).

COVID-19 Group | Control Group | p-value

Type of vaccine 0.163
CoronaVac 38 (34.9%) 65 (29.8%)
mRNA vaccine 24 (22.0%) 70 (32.1%)

COVID-19 vaccine <0.001
Unvaccinated 47 (43.1%) 83 (38.1%)

Partially vaccinated (I dose or within 13 days after 2nd dose) 17 (15.6%) 11 (5.0%)
Fully vaccinated for at least 14 days 36 (33.0%) 64 (29.4%)
Booster for at least 14 days 9 (8.2%) 60 (27.5%)

Time since second dose

Median 163 days 24| days <0.001
0-13 days 3 (6.67%) 0 (0%)

14-90 days 11 (24.4%) 22 (10.1%)

91-210 days 17 (37.8%) 19 (8.7%)

>210 days 14 (31.1%) 82 (37.6%)

Baseline lung function

FEVI (% predicted), mean + SD 72 £ 26 74 £ 26 0.723
FVC (% predicted), mean + SD 86 + 30 87 £ 32 0.772
FEV, impairment, % predicted 0.689

Mild, 280% 38 (34.9%) 86 (39.4%)

Moderate, 50% to <80% 48 (44.0%) 92 (42.2%)

Severe, <50% 23 (21.1%) 40 (18.3%)

Abbreviations: SD, standard deviation; COPD, chronic obstructive pulmonary disease; FEVI, forced expiratory volume in
| second; FVC, forced vital capacity.

Among the patients infected with COVID-19, 6 received ritonavir-boosted nirmatrelvir, 9 received molnupiravir, 9
received remdesivir, 16 required dexamethasone, 2 required tocilizumab, 5 had add-on interferon Beta-1Db.

When comparing subjects who did not have COVID-19 vaccine and those who received at least 2 doses of
CoronaVac, there was no difference in the risk of symptomatic COVID-19 at univariate and multivariate analysis.
Patients who received at least 2 doses of CoronaVac had lower risk of being hospitalized for COVID-19 and developing
respiratory failure than unvaccinated group at univariate and multivariate analysis that were adjusted for confounders
including age, gender, smoking status, residential area, underlying respiratory disease and baseline FEV, calendar time
of COVID-19 (biweekly interval, from 1 Jan 2022 onwards) and number of co-morbidities. The results were summarized
in Table S1.

The vaccine effectiveness (VE) of at least 2 doses of CoronaVac for preventing symptomatic COVID-19, being
hospitalized for COVID-19, and respiratory failure due to COVID-19 was estimated to be 31.7%, 81.1% and 87.2%
respectively (Table 3).

BNT162b2 reduced the risk of symptomatic COVID-19 with borderline significance at univariate analysis while it
was significant at multivariate analysis after adjusting for confounders. Patients in the BNT162b2 group had lower risk of

being hospitalized for COVID-19 and developing respiratory failure than the unvaccinated group at univariate and
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Table 2 Time from Vaccination to COVID-19 Infection

Median Time from Vaccination to | Interquartile Range p-value
COVID-19 Infection (Days) (25th and 75th Percentile)
First dose 0.357
CoronaVac 99 50-224
mRNA vaccine 158 157.5-228
Second dose 0.512
CoronaVac 179 68-229
mRNA vaccine 150 59.5-210
Third dose 0.089
CoronaVac 48 46-90
mRNA vaccine 22 21-22

Table 3 Comparing Unvaccinated Patients with Those Who Received at Least 2 Doses of Inactivated Whole Virus COVID-19 Vaccine
and Those Who Received at Least 2 Doses of mRNA Vaccine

% (No. of Cases/No. in Group) Vaccine Effectiveness Vaccine Effectiveness
(Method 1) (Method 2)

BNTI162b2" (A) CoronaVac® Unvaccinated (C) BNTI162b2 CoronaVac BNTI162b2 CoronaVac
(n = 85) (B) (n =83) (n=130) (AvsC) (Bvs C) (Avs C) (BvsC)

Symptomatic COVID-19 20 (23.5%) 25 (29.8%) 47 (36.2%) 62.0%* 31.7% 44.5% 30.2%
(23.0-81.3%) | (-28.4-63.6%) | (0.4-66.6%)* | (~15—57.6%)

COVID-19 related 2 (2.4%) 3 (3.6%) 19 (14.6%) 79.3%* 81.1%* 80.0%* 77.0%*
hospitalization (3.8-95.7%) (28.6-95.0%) | (11.3-953%) | (20.1-93.3%)
COVID-19 related I (1.2%) 2 (2.4%) 17 (13.1%) 90.7%* 87.2%* 87.9%* 82.5%*
respiratory failure (173-989%) | (36.2-97.4%) | (8.30-98.4%) | (24.2-95.9%)

Notes: *Vaccinated with 2 doses of inactivated or mRNA vaccine for at least 14 days. *P <0.05. Method I: vaccine effectiveness was calculated with the formula, (1-adjusted odds
ratio) x 100. The odds ratios were adjusted for age, gender, smoking status, residential area, underlying respiratory disease and baseline FEV |, calendar time of COVID-9 infection
(biweekly interval, from | Jan 2022 onwards) and number of co-morbidities by a multivariate analysis model; Method 2: sensitivity analysis was performed and used multivariate
Cox-regression to estimate hazard ratio (HR) of developing the composite end points. Vaccine effectiveness was calculated by the formula (- adjusted HR) x 100.

multivariate analysis. The results were summarized in Table S1. The VE for at least 2 doses of BNT162b2 for preventing
symptomatic COVID-19, being hospitalized for COVID-19, and respiratory failure due to COVID-19 is estimated to be
62.0%, 79.3% and 90.7% respectively.

The sensitivity analyses using multivariate Cox-regression produced similar results to the primary analysis (Table 3).

Discussion

Our study is the first to provide real world data to suggest that both CoronaVac and mRNA vaccine are effective in
preventing hospitalization for COVID-19 and developing respiratory failure upon infection with COVID-19 among
patients with chronic respiratory diseases. COVID-19 The findings suggested that both of them can be considered among
patients with chronic respiratory diseases, who are at increased risk of developing severe COVID-19.

BNT162b2 is one of the most commonly used COVID-19 vaccines worldwide and is well accepted in many
countries. The efficacy of inactivated whole virus vaccines, despite being supported by World Health Organization,
has been criticized and until recently some countries did not accept the vaccination record of inactivated whole virus
vaccine as the pre-requisite for foreign travelers to enter their country. This could be related to the fact that in some
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clinical trials involving inactivated whole virus vaccines like CoronaVac, it was reported not to have efficacy as high as
mRNA vaccine. Inactivated whole virus vaccines are also not available in most of the Western countries. The criticism on
its efficacy and the unavailability made inactivated whole virus vaccine less favored. However, inactivated whole virus
vaccines do have the advantages of using a traditional platform in development and manufacture, which is in contrast to
mRNA vaccine that is a relatively newer technology and there has not been any long-term safety data on mass
vaccination for healthy subjects with mRNA vaccination.

Our data would suggest that inactivated whole virus vaccine, namely CoronaVac, is an efficacious alternative to
mRNA vaccine, at least among patients with chronic respiratory diseases, to prevent severe COVID-19 that could lead to
hospitalization and respiratory failure. The group of patients included in our study consisted of patients with COPD,
asthma and bronchiectasis, in which any respiratory infection can potentially trigger an exacerbation which can lead to
respiratory failure or even death. Conducting the study on this group of high risk individuals would be important to
assess the efficacy of COVID-19 vaccination, in which the goal of vaccination is to prevent the high risk populations
from developing complications and severe infection. Both mRNA and inactivated whole virus vaccines have been well
evaluated among healthy subjects regarding efficacy. Among older patients and those with co-morbidities who have
increased risk of severe infection, the efficacy of the vaccines is still maintained. A French study suggested that the VE in
reducing the risks of COVID-19-related hospitalization ranges from 83% to 97% for patients with different number of
co-morbidities. The VE for COVID-19-related hospitalization was at least 90% for those with 1 to 4 comorbidities, while
that was 97% for patients without co-morbidities, suggesting that the VE was consistent among patients in different risk
groups.*’

Another strength of our study is that the efficacy of the vaccines was compared when Hong Kong had the fifth wave
of COVID-19 outbreak which was contributed to by the Delta and Omicron variants. The results from our study provide
indirect evidence of effectiveness for both mRNA and inactivated whole virus vaccine on the Delta and Omicron variants
while the newer variant-specific vaccines are not yet available in the market.

There were local studies on the effectiveness of mRNA and inactivated whole virus vaccine on Omicron BA.2
infection. In a case-control study, both two doses of BNT162b2 and CoronaVac were effective in reducing mortality and
severe complications for patients of different age groups, which represented different risk level.>*-’

There are a few limitations to our study. First, this study involved only a single center. However, being a tertiary
medical center, the respiratory unit receives referrals from all other health care sources. Patients diagnosed with COPD,
asthma, and bronchiectasis were managed in a designated respiratory clinic in our center. The patients in this study
had comprehensive clinical data available including lung function test results. Second, while the patients were diagnosed
with COVID-19 in the fifth wave of outbreak in Hong Kong due to Delta and Omicron variants, there was no further
information on the exact variant they were infected with. However, neither BNT162b2 nor CoronaVac were designed for
Delta and Omicron variants. The lack of data on the variant strains was not likely a major limitation here as local studies
suggested both BNT162b2 and CoronaVac are effective for Omicron variant. The viral load by cycling threshold was not
available in all patients in this study, though this is not one of the outcomes in our study. The safety of COVID-19
vaccine was not studied in our study as the overall incidence of major adverse events of COVID-19 vaccines is low.
There was a patient who developed Guillain-Barré syndrome after receiving CoronaVac and there were no patients who
developed allergic reaction to both vaccines. Nonetheless, the sample size in our study did not give enough statistical
power to examine for vaccine safety. A larger population dedicated to assess vaccine safety will be needed to properly
examine for vaccine safety, especially after booster dose and among patients who had different vaccines in the initial and
booster dose. Our study covered the first 4 months of 2022 with follow up period until 15 May 2022, which was the fifth
wave of COVID-19 in Hong Kong, which was the most severe since 2020 with the health care system in Hong Kong
being overwhelmed. The COVID-19 situation dampened in subsequent months until the fourth quarter of 2022. The
study period should be able to cover the Omicron BA.2 outbreak in Hong Kong while an extended follow-up period
could capture the outbreak from other variants.
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Conclusion

BNT162b2 and CoronaVac vaccines are effective in preventing hospitalization for COVID-19 and respiratory failure
complicating COVID-19 among patients with chronic respiratory diseases. Patients with chronic respiratory diseases
should be encouraged to have COVID-19 vaccination.

Abbreviations

AIIR, airborne infection isolation room; CCIDER, Central Committee on Infectious Diseases and Emergency Response;
ClI, confidence interval; CMS, Clinical Management System; COPD, chronic obstructive pulmonary disease; COVID-19,
Coronavirus Disease 2019; ECMO, extracorporeal membrane oxygenation; ePR, electronic patient record; FEV, forced
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odds ratios; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD,
standard deviation; VE, vaccine effectiveness.
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