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Abstract

Introduction Effectiveness and respiratory adverse events following coronavirus disease-2019 (COVID-19) vaccines have
not been well investigated in Chinese patients with chronic obstructive pulmonary disease (COPD) and asthma.

Methods Using electronic health care records in Hong Kong, we included adults with COPD or asthma or both and hospi-
talised for severe respiratory exacerbation in a self-controlled case series (SCCS) study between 23/02/2021 and 30/11/2022.
Conditional Poisson regression models were used to estimate the incidence of outcomes within exposure periods (28 days
after each dose) compared with baseline periods. Cox proportional hazard models evaluated vaccine effectiveness (VE)
against COVID-related mortality, hospitalisation, and severe complications, including admission to intensive care units or
ventilatory support. The VE assessment was based on vaccine types and the number of doses.

Results In the SCCS, 343 CoronaVac recipients and 212 BNT162b2 recipients were included. No increased risk of out-
comes was observed within the exposure periods. In the cohort study, 108,423 and 83,323 patients received > 2 doses of
CoronaVac and BNT162b2, respectively. The VE (95% CI) against COVID-related mortality, hospitalisation, and severe
complications after two-dose CoronaVac was 77% (74-80%), 18% (6-23%), and 29% (12-43%), respectively, while for the
two-dose regimen of BNT162b2, it was 92% (91-94%), 33% (30-37%), and 57% (45-66%), respectively. Higher VE against
COVID-related mortality, hospitalisation, and severe complications was found for the three-dose regimen of CoronaVac
(94%, 40%, and 71%) and BNT162b2 (98%, 65%, and 83%). Administering a fourth dose of either vaccine showed additional
reductions in COVID-related outcomes.

Conclusions Among people with COPD and asthma, the COVID-19 vaccines CoronaVac and BNT162b2 did not increase
severe exacerbations and achieved moderate-to-high effectiveness against COVID-related outcomes. COVID-19 vaccination
remains essential and should be encouraged to protect this vulnerable population in future epidemic waves.

1 Introduction

The ongoing coronavirus disease 2019 (COVID-19) infec-
tion, caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), has put people with chronic obstruc-
tive pulmonary disease (COPD) [1] and severe asthma [2—4]
at serious risk, resulting in high rates of hospitalisation and
mortality. However, patients with mild to moderate asthma
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have similar clinical outcomes as those without asthma [5,
6].

With the national and global vaccination programme
rollouts, patients with COPD and asthma were advised to
get vaccinated to prevent severe COVID-related outcomes
such as death and hospitalisation [7]. However, informa-
tion regarding the exacerbation following vaccination and
the effectiveness of vaccines in this patient group is incon-
clusive. Since the rollout of the vaccination programmes,
emerging case reports [8§—11] have shown that patients with
COPD and asthma may experience acute exacerbations or
acute respiratory distress syndrome after the second dose
of the messenger RNA (mRNA) vaccines (e.g., Moderna,
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BNT162b2), possibly due to transient systemic inflammation
following vaccination [12]. Nevertheless, data on respira-
tory exacerbations from these vaccines among these patient
groups are limited.

COVID-19 vaccine trials and real-world vaccine effec-
tiveness (VE) studies have demonstrated high-level VE in
the general population and older people [13, 14]. However,
VE in patients with COPD and asthma has yet to be thor-
oughly explored. Although some studies [2, 7] found that
two doses of BNT162b2 reduced COVID-19 hospitalisation
in patients with asthma and COPD, these studies mainly
focused on effectiveness during the early phase of the pan-
demic (Delta variant) and excluded those with the Omicron
variant. In addition, the follow-up periods were short (28
days after the second dose), and medium-term vaccine effec-
tiveness remains unexplored. Furthermore, the VE of the
third and fourth doses has yet to be investigated in these
patient groups. Moreover, limited studies have investigated
the VE of inactivated vaccines (CoronaVac) in this group.
Given that this group of people is prone to severe COVID-
related outcomes after infection, understanding the VE of
COVID-19 vaccines against COVID-related severe out-
comes may provide insights to reduce adverse events after
infection.

Since late December 2021, the Omicron variant has
affected over 2 million people in Hong Kong (HK). The city
has reported the highest COVID-related mortality rate rela-
tive to its population size during the Omicron variant infec-
tion, which is currently the dominant variant in HK. The
vaccination programme in HK commenced in early 2021,
utilising two widely administered vaccines globally, the
BNT162b2 (Fosun-BioNTech, equivalent to Pfizer-BioN-
Tech outside China) mRNA vaccine and the CoronaVac
inactivated vaccine (Sinovac) [15]. Up to the third quarter
of 2022, over 5 million people have received the third vacci-
nation, and 45 thousand have received a fourth vaccination.

Accordingly, our study aimed to examine (1) the respira-
tory exacerbation within 28 days after each dose of Corona-
Vac and BNT162b2 and (2) the effectiveness of two, three,
and four doses of these vaccines in reducing the risks of
COVID-related mortality and hospitalisation in people with
COPD or asthma or both. We conducted this study using a
territory-wide electronic health record database in HK.

2 Methods

2.1 Data Sources

This study utilised routine electronic health records from the
clinical management system under the Hospital Authority

(HA) of HK and vaccination records from the Department
of Health (DH) of the HK Government. These two databases
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are linked using the unique HK Identity Card Number or
other personal identification numbers. The HA is a statutory
administrative organisation in HK that manages all public
inpatient and outpatient services. The clinical management
system, which includes demographics, diagnoses, prescrip-
tions, and laboratory tests, provides real-time data support
and monitoring for routine clinical management across all
clinics and hospitals in HA. On the other hand, the DH man-
ages and retains the database for all vaccination records in
HK. The two population-based databases have been used
previously to conduct studies on the risk of adverse effects
after COVID-19 vaccinations and other COVID-19 pharma-
covigilance studies [16—18].

2.2 Study Population

The study population included those aged > 18 years who
had either been hospitalised for COPD or asthma before the
start of the study (specifics outlined in each study design).
The International Classification of Disease Ninth version,
Clinical Modification (ICD-9-CM) codes, and British
National Formula (BNF) codes are shown in Supplementary
Table 1. Our primary analysis included people with COPD
or asthma, or both, as some may have both conditions con-
currently. Subgroup analysis was conducted to differentiate
between admissions related to COPD and asthma.

2.3 A Self-Controlled Case Series (SCCS) for Severe
Exacerbation

The SCCS design was applied to investigate the risk of
severe respiratory exacerbation following administration of
CoronaVac or BNT162b2 between 23 February 2021 and
30 November 2022 (observational period). The SCCS is a
within-individual study design that compares the incidence
of outcomes during the exposure period to the non-exposure
period within the same individual. Therefore, it inherently
controls for known and unmeasured time-invariant con-
founders. Additionally, time-varying confounders such as
seasonality effects can be adjusted for within the regression
model.

We identified people with COPD and asthma who had
exacerbation during the observational period for the SCCS.
The flowchart outlining the selection process for the SCCS
population is shown in Fig. 1. The primary outcome of
interest for the SCCS was severe respiratory exacerbation,
defined as the first hospitalisation for asthma or COPD or
respiratory failure of any cause. The exacerbations were
determined according to published case reports [8—11].
Patients who received heterologous COVID-19 vaccines
or were diagnosed with COVID-19 infection before 30
November 2022 were excluded from the analysis since the
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| Original dataset from 23February 2021 to 31November 2022 (N=7,587,003)

_’l People who never used HA services (N=2,756,386)

People with HA electronic medical records from 23 February 2021 to 31 November 2022 (N=4,830,617)

e Heterogeneity first two doses (N=1145)
e Age<I8 years before 23 February 2021 (N=50,012)
e Linkage error (N=72)

4,782,350 patients |

Heterogeneity doses (N=567,023)
People without admission to
COPD/asthma nor prescribed to inhaled
corticosteroids/bronchodilators before
23 February 2021 (N=3,923,001)
People with COVID infection y

!

Sex and age matching for
the pseudo index date of two
doses to no two doses

(N=527,736)
e Without outcomes of interest from 23

8116 people included in the Self-

l—»

controlled case series study

February 2021 to 31March 2022

216,370 people included in the

People died before pseudo
index date (N=88,384)
People who have one dose
(N=1,085,992)

No
COPD/asthma/prescription
inhaled
corticosteroids/bronchodilator
before 23 February 2021
(N=4,173,923)

(N=278,003)

cohort study

—’I CoronaVac (N=3627) |

—>| BNT162b2 (N=2108) |

Two doses of
CoronaVac
(N=108,423) [

—bl No vaccination (N=2381) |

Two doses of
BNT162b2 (N=83,323)

No vaccination —
(N=24,624)

Fig. 1 Flowchart of cohort selection for SCCS (vaccine safety) and cohort study (vaccine effectiveness) for two doses of COVID-19 vaccines.
COPD chronic obstructive pulmonary disease, COVID coronavirus disease, HA Hospital Authority, N number, SCCS self-controlled case series

COVID-19 infection may increase exacerbations that would
bias the results.

Since respiratory exacerbation after vaccination could
potentially impact subsequent exposure, we applied a modi-
fied SCCS extension developed for event-dependent expo-
sure [19]. The modified SCCS model incorporated unvac-
cinated patients who experienced outcome events during
the observational periods to account for the probability of
receiving vaccination after the event. Including unvaccinated
patients was a control to provide a baseline comparison for
the vaccinated group.

28-day exposure

28-day exposure

The risk periods were defined as 28 days after administer-
ing the first, second, third, and fourth doses. Based on case
reports showing that the acute respiratory events occurred
within 7 days after vaccination, we further divided the risk
periods into 0-7 days and 8-28 days after each dose. The
rest of the study period was defined as the baseline period.
A schematic presentation of the SCCS design is shown in
Fig. 2. Since no trial was conducted to examine the risk
of respiratory exacerbation after COVID-19 vaccination, a
relative risk of 1.1-3.0 was assumed based on our team’s
previous COVID-19 vaccine safety studies [20-22]. This

28-day exposure

period period period
Baseline Baseline Baseline Baseline
period Dy 828 | period Day 8-28 period pay8-28 | period
Observational First dose Second dose Third dose Observational

start date

Fig.2 Self-controlled case series (SCCS) study design

end date
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corresponded to a required sample size of 70—6430 events
to achieve 80% power at a significance level of 0.05 for the
SCCS analysis, considering an observation period of 650
days.

2.4 Retrospective Cohort Study for Vaccine
Effectiveness

We identified patients with COPD and asthma (study popu-
lation) before 23 February 2021. Vaccinated patients were
those who had received two homogenous doses of COVID-
19 vaccines. The index date for vaccinated patients was
defined as the date of their second dose. People who had
received heterogeneous first two doses before 30 November
2022 were excluded from the analysis. Before 30 November
2022, patients who did not receive COVID-19 vaccines were
considered unvaccinated. For each vaccinated patient, a ran-
domly selected unvaccinated patient of the same age and sex
was matched, and the second dose vaccination date from the
vaccinated patient was assigned as the pseudo-index date for
the matched unvaccinated individual. Patients in the control
group who died before the pseudo-index date were excluded
from the analysis.

People were followed up from the index date (pseudo-
index date for unvaccinated individuals) until the end of the
study (30 November 2022), the occurrence of the outcome,
the date of the next vaccine dose, or the date of death, which-
ever came first. For the analysis of VE regarding the fourth
dose, the cohort was followed up until the end of the study,
the occurrence of the outcome or date of death, whichever
came first. The schematic presentation of the cohort study
is shown in Supplementary Figure 1.

The primary outcomes were defined as COVID-related
mortality and hospitalisation. COVID-related mortality was
defined as non-injury or poisoning-related mortality within
28 days after a positive polymerase chain reaction (PCR)
test for COVID-19. This definition aligns with the guidelines
and recommendations provided by the World Health Organi-
sation [23]. COVID-related hospitalisation was defined as
all-cause hospitalisation within 28 days after a positive PCR
test for COVID-19. The rationale for choosing this co-pri-
mary outcome was that it provides important information
about disease severity and its impact on people’s health. In
addition, this result may provide evidence to guide policy
decisions and resource needs in future pandemics. The sec-
ondary outcome was COVID-related severe complications,
defined as admission to the intensive care unit or use of
ventilatory support within 14 days after a positive PCR test
for COVID-19 [24].

We identified the baseline characteristics, includ-
ing sex and age, at the index date. Comorbidities and
Charlson score were identified using a 3-year lookback
period before 23 February 2021. Prior medications were
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identified within a 1-year lookback period before 23 Feb-
ruary 2021. The comorbidities and previous medications
are shown in Table 1.

2.5 Statistical Analysis

The safety study estimated the incidence of outcomes
following COVID-19 vaccines, reported as cases per
100,000 doses. The analysis utilised a conditional Pois-
son regression model to estimate the incidence rate ratio
(IRR) and its corresponding 95% confidence interval (CI).
This involved comparing the incidence rates of respiratory
exacerbation during different risk periods to the baseline
period while adjusting for the monthly seasonality effect.
For the effectiveness study, a propensity score-based
inverse-probability-of-treatment weighted Cox propor-
tional hazard model was used to estimate the weighted
hazard ratio (HR) of COVID-related outcomes. This analy-
sis compared people who received two, three, and four
vaccine doses to those who were unvaccinated. The VE
was evaluated by (1 — adjusted HR) X 100%. The pro-
pensity score was calculated using multinomial logistic
regression models, including all covariates as potential
predictors for the COVID-19 vaccinated group. Extreme
weight values were truncated at the 5th and 95th percentile
of the distribution to mitigate the influence of outliers.

2.6 Subgroup Analysis

Several subgroup analyses were conducted to examine the
robustness of the primary analysis results. Stratification
was carried out based on people with admission for COPD
or asthma, sex, and age group (< 65 years and > 65 years)
for subgroup analysis in both exacerbations and effective-
ness studies. A subgroup analysis was also conducted on
patients who had previously experienced respiratory fail-
ure (before 23 February 2021), as they may be at a higher
risk of severe outcomes following COVID-19 infection.
However, subgroup analyses were not performed for peo-
ple who received the third and fourth vaccine doses due to
the limited sample size available for analysis.

All statistical tests were two-sided, and p values < 0.05
were considered significant. Statistical analyses were con-
ducted using R version 4.1.2 and SAS version 9.4 (SAS
Institute, Inc, Cary, NC). To ensure quality assurance, two
authors (co-first authors) independently performed the sta-
tistical analyses. The transparent reporting of this cohort
study followed the STROBE (Strengthening the Report-
ing of Observational Studies in Epidemiology) statement
checklists to enhance the clarity and completeness of the
study report.
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Table 1 Baseline characteristics Unvaccinated CoronaVac BNTI162b2

for the study cohort, separated

by unvaccinated, two doses of Number 24,624 108,423 83,323

CoronaVac and BNT162b2 Male 12,038 (52.24) 51774 (47.75) 56,649 (52.25)
Female 11,686 (47.46) 38,502 (46.21) 44,821 (53.79)
Age (mean + SD) 62.60 (27.97) 60.62 (24.45) 50.25 (21.18)
Comorbidities
Hypertension 8784 (35.67) 41,394 (38.2) 19,022 (22.83)
Heart failure 2535 (10.29) 5764 (5.32) 1481(1.78)
Diabetes 4404 (17.88) 19,211 (17.72) 8786 (10.54)
Stroke 2939 (11.94) 8531 (7.87) 2629 (3.16)
Ischaemic heart disease 2797 (11.36) 9043 (8.34) 3531 (4.24)
Atrial fibrillation 2168 (8.80) 5596 (5.16) 1569 (1.88)
Peripheral vascular disease 406 (1.65) 857 (0.79) 302 (0.36)
Respiratory failure 1443 (5.86) 3021 (2.79) 1231 (1.48)
Renal diseases 1417 (5.75) 3100 (2.87) 1064 (1.28)
Ulcer diseases 727 (2.95) 2424 (2.24) 972 (1.17)
Liver diseases 965 (3.92) 3763 (3.47) 2167 (2.60)
Hip fracture 730 (2.96) 1814 (1.67) 315 (0.38)
Parkinson’s disease 221 (0.90) 520 (0.48) 139 (0.17)
Charlson score (mean + SD) 0.96 (1.73) 0.62 (1.16) 0.37 (0.92)
History of COPD admission 3399 (15.34) 12,344 (12.75) 4451 (6.03)
History of asthma admission 2467 (10.02) 11,640 (10.74) 9467 (11.36)
Prior medications
Diuretics 4734 (19.23) 12,704 (11.72) 4589 (5.51)
Antiarrhythmic agents 476 (1.93) 965 (0.89) 373 (0.45)
Beta-blockers 4372 (17.76) 17.229 (15.89) 7980 (9.58)
ACE inhibitors/ARB 6647 (26.99) 30,240 (27.89) 13,737 (16.49)
Anticoagulant agents 1981 (8.04) 5885 (5.43) 1937 (2.32)
Antiplatelet agents 5441 (22.10) 19,804 (18.27) 7787 (9.35)
Statins 7213 (29.29) 37,848 (34.91) 18,423 (22.11)
Antihistamine agents 6883 (27.95) 39,668 (36.59) 30,624 (36.75)
Antipsychotics 1405 (5.71) 5154 (4.75) 2805 (3.37)
Antidepressants 1961 (7.96) 9519 (8.78) 6168 (7.40)
Antiseizure agents 1362 (5.53) 5379 (4.96) 3266 (3.92)
Antibiotic agents 7481 (30.38) 27.703 (25.55) 17.191 (20.63)
Antiviral agents 900 (3.65) 4386 (4.05) 2171 (2.61)
Third dose
Number 24,624 88,515 (81.64) 67,538 (81.04)
Similar vaccine as the previous two doses NA 77,717 (87.81) 65,290 (96.67)
Different vaccine from the previous two doses NA 10,798 (12.19) 2248 (3.33)
Fourth dose
Number 24,624 13,982 (12.90) 6935 (8.32)
Similar vaccine as the previous two doses NA 10,563 (9.74) 6709 (8.05)
Different vaccine from the previous two doses NA 3419 (3.15) 226 (0.27)

ACE angiotensin-converting enzyme, ARB angiotensin II receptor blockers, CCB calcium channel blockers,

COPD chronic obstructive pulmonary disease, SD standard deviation

#%p < 0.0001; *p < 0.05
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3 Results

We initially identified 4,830,617 patients with COPD or
asthma or both, aged > 18 years before 23 Feb 2021, for
SCCS and cohort studies. Following the applications of our
exclusion criteria for the SCCS analysis (Fig. 1), we included
3627 CoronaVac recipients, 2108 BNT162b2 recipients, and
2381 patients without vaccination during the observational
period. After removing ineligible patients from the cohort
study (Fig. 1), 108,423 received two doses of CoronaVac,
83,323 received two doses of BNT162b2, and 24,624 were
unvaccinated.

3.1 Patient Characteristics

The proportion of males in the unvaccinated group and
among BNT162b2 recipients was similar, at 53%, slightly
higher than those in CoronaVac (48%). Among both Coro-
naVac and BNT162b2 recipients, 81% received a third dose,
while 13% of CoronaVac recipients and 9% of BNT162b2
recipients received a fourth dose (Table 1).

3.2 Exacerbations (SCCS)

Compared to the baseline period, no increased risk of res-
piratory exacerbation was observed in any risk periods for
CoronaVac (IRR: first dose: 0.98, 0.81-1.18; second dose:
0.93, 0.76-1.13; third dose: 1.04, 0.84—1.30; fourth dose:
1.53, 0.83-2.83) nor BNT162b2 (IRR: first dose: 1.01,
0.78-1.30; second dose: 1.22, 0.98—1.51; third dose: 0.97,
0.74-1.29; fourth dose: 1.07, 0.48-2.37) (Table 2).

3.3 Vaccine Effectiveness (Cohort Study)

The VE against COVID-related mortality after two doses
of CoronaVac and BNT162b2 was estimated to be 77%
(74-80%) and 92% (91-94%), respectively. Similarly, the
VE against COVID-related hospitalisation following two
doses of CoronaVac and BNT162b2 was 18% (6-23%) and
33% (30-37%), respectively. For severe complications, the
VE with two-dose CoronaVac was 29% (12-43%), while
for two-dose BNT162b2, it was 57% (45-66%). When
considering three doses of homogeneous CoronaVac and
BNT162b2, both vaccines demonstrated significant effec-
tiveness against COVID-related mortality (CoronaVac: 94%,
91-95%; BNT162b2: 98%, 96-99%), hospitalisation (Coro-
naVac: 40%, 34-44%; BNT162b2: 65%, 62—-69%) and severe
complications (CoronaVac: 71%, 57-81%; BNT162b2:81%,
73-88%). Although the number of events was limited for
the fourth dose, four homogeneous doses of CoronaVac and
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BNT162b2 showed additional effectiveness in mitigating
COVID-related outcomes compared to two and three doses
(Table 3 and Supplementary Table 2).

3.4 Subgroup Analysis

Supplementary Tables 3 and 4 present the subgroup analy-
ses for the exacerbation after receiving CoronaVac and
BNT162b2. No increased risk of respiratory exacerbations
was observed following each vaccination in people with
COPD. This is consistent with those with asthma. Other
subgroups showed consistent results with the primary
analysis. Additionally, Supplementary Table 5 provides the
subgroup analysis for the association between two doses of
vaccines and the risks of COVID-related mortality, hospi-
talisation, and severe complications. Across the subgroups,
we observed that the VE against COVID-related outcomes
was higher for BNT162b2 compared to CoronaVac. In peo-
ple with COPD, the VE against COVID-related mortality,
COVID-related hospitalisation, and COVID-related compli-
cations following two doses of CoronaVac and BNT162b2
was 74% and 90%, 27% and 33%, 30% and 33%, respec-
tively. In people with asthma, the VE against COVID-related
mortality, COVID-related hospitalisation, and COVID-
related complication following two doses of CoronaVac
and BNT162b2 was 81% and 89%, 18% and 29%, and 67%
and 79%, respectively. The VE for COVID-related mortal-
ity for other subgroups ranged from 85-97% for BNT162b2
to 69-82% for CoronaVac. For COVID-related hospitali-
sation, the VE for other subgroups ranged from 10-97%
for BNT162b2 to 9-44% for CoronaVac. Furthermore,
for COVID-related complications, the VE for other sub-
groups ranged from 47-79% for BNT162b2 to 17-67% for
CoronaVac.

4 Discussion

To our knowledge, this study is the first to evaluate respira-
tory exacerbation and medium-term effectiveness follow-
ing two, three, and four doses of vaccines in the Chinese
population with two prevalent chronic respiratory condi-
tions: COPD and asthma. With a population exceeding 1
million, our study revealed no increased risk of respiratory
exacerbation after each vaccine dose. The VE of two doses
of CoronaVac and BNT162b2 persisted against COVID-19
outcomes in the medium term. Furthermore, booster doses
(three and four) provided additional protection against
adverse events of COVID-19, building upon the efficacy
of the initial two-dose vaccination. These findings suggest
that CoronaVac and BNT162b2 can be safely and effec-
tively administered to people with COPD and asthma. It is
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Table 2 Risk of 28-day

) ‘ No. events  Total person years  Incidence rate (95% CI)  Adjusted IRR (95% CI)

respiratory exacerbation

(separated by baseline period, CoronaVac

A Baseline period 5665 9851.86 0.58 (0.57, 0.59) 1,00

CoronaVac and BNT162b2 in First dose

people with COPD and asthma Day 0-28 122 276.05 0.44 (0.39, 0.50) 0.98 (0.81, 1.18)
Day 0-7 34 79.34 0.43 (0.33, 0.55) 0.95 (0.68, 1.34)
Day 8-28 88 196.71 0.45 (0.38,0.52) 0.99 (0.79, 1.23)
Second dose
Day 0-28 112 263.32 0.43 (0.37, 0.49) 0.93 (0.76, 1.13)
Day 0-7 35 75.14 0.47 (0.37,0.59) 1.02 (0.73, 1.43)
Day 8-28 77 187.91 0.41 (0.35, 0.49) 0.90 (0.71, 1.13)
Third dose
Day 0-28 94 217.10 0.43 (0.37, 0.50) 1.04 (0.83, 1.30)
Day 0-7 19 62.74 0.30 (0.21, 0.44) 0.74 (0.47, 1.16)
Day 8-28 75 154.36 0.49 (0.41,0.57) 1.17 (0.92, 1.50)
Fourth dose
Day 0-28 15 34.17 0.44 (0.30, 0.64) 1.53 (0.83, 2.83)
Day 0-7 3 10.25 0.29 (0.11, 0.76) 1.07 (0.34, 3.63)
Day 8-28 12 23.93 0.50 (0.34,0.75) 1.80 (0.93, 3.52)
BNT162b2
Baseline period 4268 7504.89 0.57 (0.56, 0.58) 1.00
First dose
Day 0-28 65 133.34 0.49 (0.41, 0.58) 1.01 (0.78, 1.30)
Day 0-7 19 46.17 0.41 (0.29, 0.58) 0.85 (0.54, 1.34)
Day 8-28 46 87.16 0.53 (0.43, 0.64) 1.09 (0.73, 1.65)
Second dose
Day 0-28 93 157.28 0.59 (0.52,0.67) 1.22 (0.98, 1.51)
Day 0-7 24 44.98 0.53 (0.41, 0.70) 1.10 (0.73, 1.65)
Day 8-28 69 112.31 0.61 (0.53,0.71) 1.26 (0.98, 1.61)
Third dose
Day 0-28 56 137.47 0.41 (0.33, 0.50) 0.97 (0.74, 1.29)
Day 0-7 16 39.43 0.41 (0.28, 0.59) 0.97 (0.59, 1.61)
Day 8-28 40 98.04 0.40 (0.32,0.52) 0.99 (0.70, 1.35)
Fourth dose
Day 0-28 7 18.79 0.37 (0.21, 0.67) 1.07 (0.48, 2.37)
Day 0-7 5.54 0.72 (0.43,1.21) 2.17 (0.79, 5.97)
Day 8-28 3 13.25 0.23 (0.08, 0.61) 0.72 (0.23,2.24)

IRR incidence rate ratio, N number, NA non-applicable

recommended that booster vaccinations be implemented for
this patient group in future epidemics.

Our study combined both asthma and COPD with sev-
eral implications. Chronic obstructive pulmonary disease
and asthma are distinct pulmonary diseases with different
aetiologies, prognoses, and management strategies. Thus,
focusing exclusively on one disease may have certain
advantages, such as providing more specific insights into
the impact of COVID-19 and vaccines on that condition.
Nonetheless, asthma and COPD do not infrequently coex-
ist, and asthma is one of several risk factors for developing
COPD. Furthermore, asthma and COPD often share similar

triggering factors, such as respiratory infections and air pol-
lution. By including both conditions, we aimed to capture
the real-world scenario faced by health care professionals
and individuals with these respiratory diseases during the
COVID-19 pandemic and beyond. Additionally, combining
the conditions allowed us to investigate and provide impor-
tant insights into the effect on exacerbations and effective-
ness of COVID-19 vaccines in a broad population of people
with the two most common chronic underlying respiratory
diseases.

Earlier case reports [8—11] have highlighted an increase
in respiratory adverse events at a population-based level
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Table 3 Vaccine effectiveness

. Total no. people No. events IPTW-adjusted VE (95% CI)

agamst. COVID.—re%ateq HR (95% CI)

mortality, hospitalisation, and

severe complications among Two doses vs unvaccinated

people with COPD and asthma 0311y 1 o1ted mortality

with different vaccination

status? Unvaccinated 24,624 1116 (4.53) 1.00 1.00
CoronaVac 108,423 39 (0.36) 0.23 (0.20, 0.26) 77% (74%, 80%)
BNT162b2 83,323 63 (0.08) 0.08 (0.06, 0.09) 92% (91%, 94%)
COVID-related hospitalisation
Unvaccinated 24,624 1953 (7.93) 1.00 1.00
CoronaVac 108,423 3875 (3.57) 0.82(0.77,0.94) 18% (6%, 23%)
BNT162b2 83,323 1434 (1.72) 0.67 (0.63, 0.70) 33% (30%, 37%)
COVID-related severe complications
Unvaccinated 24,624 165 (0.67) 1.00 1.00
CoronaVac 108,423 183 (0.17)  0.71 (0.57,0.88) 29% (12%, 43%)
BNT162b2 83,323 61 (0.07) 0.43 (0.34,0.55) 57% (45%, 66%)
Three doses vs unvaccinated
COVID-related mortality
Unvaccinated 24,624 1077 (4.37) 1.00 1.00
CoronaVac 77,717 93 (0.12) 0.06 (0.05,0.09) 94% (91%, 95%)
BNT162b2 65,290 14 (0.02) 0.02 (0.01,0.04) 98% (96%, 99%)
C-C-B 10,798 5(0.05) 0.02 (0.01,0.03) 98% (97%, 99%)
B-B-C 2248 1(0.04) 0.03 (0.02,0.06) 97% (94%, 98%)
COVID-related hospitalisation
Unvaccinated 24,624 1953 (7.93) 1.00 1.00
CoronaVac 77,717 1747 (2.25) 0.60 (0.56, 0.66) 40% (34%, 44%)
BNT162b2 65,290 685 (1.05)  0.35(0.31,0.38) 65% (62%, 69%)
C-C-B 10,798 175 (1.62)  0.40(0.37,0.44) 60% (56%, 63%)
B-B-C 2248 40 (1.78) 0.55 (0.49,0.61) 45% (39%, 51%)
COVID-related severe complications
Unvaccinated 24,624 165 (0.67) 1.00 1.00
CoronaVac 77,717 61 (0.08) 0.29 (0.19,0.43) 71% (57%, 81%)
BNT162b2 65,290 23 (0.04) 0.19(0.12,0.27) 81% (73%, 88%)
C-C-B 10,798 5(0.05) 0.17 (0.11,0.26) 83% (74%, 89%)
B-B-C 2248 0 NA NA

B-B-C BNT162b2-BNT162b2-CoronaVac, C-C-B CoronaVac-CoronaVac-BNT162b2, CI confidence inter-
val, COVID coronavirus disease, HR hazard ratio, N number, NA non-applicable, VE vaccine effectiveness

%The median follow-up (days) for COVID-related mortality (two-dose of CoronaVac: 210; two-dose of
BNT162b2: 252; three-dose of CoronaVac: 190; three-dose of BNT162b2: 201; C-C-B: 195), COVID-
related hospitalisation (two-dose of CoronaVac:272; two-dose of BNT162b2: 290; three-dose of Corona-
Vac: 195; three-dose of BNT162b2: 207; C-C-B: 201) and COVID-related severe complications (two-dose
of CoronaVac: 220; two-dose of BNT162b2: 228; three-dose of CoronaVac: 162; three-dose of BNT162b2:

171; C-C-B: 182)

following COVID-19 vaccination. However, our study did
not observe such an increase. There are several possible
explanations. First, it is known that major inflammatory
responses and subsequent hospital admissions resulting from
mRNA vaccines are rare [25]. Second, patients who received
the mRNA vaccine in this study were younger, with a mean
age of 50.25 years, and had fewer comorbidities. It is pos-
sible that these factors made them better able to tolerate any
adverse events from the vaccine compared to older patients.
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Notably, the case reports that reported increased respira-
tory adverse events included older patients (mean age 65
years) with poorer lung function. Therefore, the absence of
an increased risk of exacerbations in our study in relation to
the use of BNT162b2 is plausible. Further, our study did not
observe respiratory exacerbation in CoronaVac recipients,
consistent with our published study investigating adverse
events of special interest associated with CoronaVac in
patients aged > 65 years [26].
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Since the roll-out of BNT162b2, some observational
studies [2, 7] have demonstrated effectiveness in reduc-
ing COVID-related hospitalisation and mortality in people
with COPD and asthma. One cohort study [2], including
561,279 patients with asthma aged > 18 years, reported an
85% reduction in the hazard of 28-day COVID-related hos-
pitalisation following two doses of BNT162b2 compared to
unvaccinated patients. Another UK-based cohort study [7]
included 1 million patients aged > 16 years with clinical risk
groups, including asthma and COPD, and reported an 89%
reduction in the 28-day composite endpoint of COVID-19
hospitalisation and mortality. Our estimates for two doses of
BNT162b2 on COVID-related mortality were in line with
the previous literature. However, the VE of two doses of
BNT162b2 against COVID-related hospitalisation was lower
than reported in the literature. A plausible explanation for
the lower VE observed in our study is that our follow-up
period was longer than previous studies, which typically
focused on a shorter period (e.g., 28 days after vaccination).
It is known that vaccine effectiveness can wane over time,
and a recent review showed a decrease of approximately
20-30% in COVID-19 vaccine effectiveness six months
after the second vaccination [27]. Although the VE against
COVID-related hospitalisation was slightly lower than
previous studies, our findings indicate that the VE of two
doses of BNT162b2 against adverse events remains at 30%
in the medium term. The lower risk of severe complica-
tions observed after two doses of BNT162b2 is in line with
our recently published study [24] in the general population,
which indicated that the VE against severe complications
also applies to people with chronic respiratory diseases.

CoronaVac is more commonly utilised in developing
countries than in developed countries [28, 29]. While Coro-
naVac has demonstrated effectiveness in reducing infection,
hospitalisation, and mortality in the general population
[30-32], its effectiveness in patients with COPD and asthma
has not been extensively investigated, unlike BNT162b2.
However, current findings were consistent with previous
studies, suggesting that CoronaVac is effective in prevent-
ing hospitalisation, severe complications, and mortality, and
these results can be extrapolated to people with COPD and
asthma.

We observed that three doses offered extra protection
beyond the first two doses, a finding aligned with other studies
in the general population [30, 31]. Despite the limited number
of events, to our knowledge, our study is the first to report on
the VE of the fourth dose against COVID-related outcomes.
Our results showed that the fourth dose offered additional pro-
tection compared to the second and third doses, emphasising
the need to administer a second booster (fourth dose) in this
population. These findings align with a recently published arti-
cle on the reduction of all-cause mortality in older people in
Sweden [33]. However, it is important to note that our study

may have overestimated the effectiveness of the fourth dose
due to the short follow-up period. Nonetheless, our results
indicate the VE of the fourth dose in people with COPD and
asthma. Future studies investigating the waning of protection
after the fourth dose in this patient group are warranted. Our
findings highlight a continued reduction in people with COPD
and asthma, underscoring the importance of the third and
fourth doses in mitigating severe outcomes in this population.

4.1 Limitations

This study has several limitations. First, there may be some
potential unmeasured confounders in the effectiveness study.
In HK, the increasing awareness of vaccines and public
health campaigns to encourage vaccination among older peo-
ple have led to a rise in vaccination rates in recent months.
However, some people, particularly those of older age and
with multimorbidity, remain unvaccinated [34]. In addition,
in this study, the participants who received the CoronaVac
vaccine were older and had more comorbidities than those
who received the BNT162b2 vaccine. Since patients had the
freedom to choose which vaccine they received, it is possible
that older individuals or those with more health issues opted
for a vaccine that is perceived to have fewer side effects [35].
This study could not determine such preferences directly, but
to account for potential differences in characteristics like age
and comorbidities between the two vaccination groups, we
utilised inverse probability of treatment weighting (IPTW)
adjustment. This adjustment helped control for these com-
mon indicators and reduce indication bias in the effective-
ness study. Second, the outcomes of interest were hospi-
talisation and mortality related to COVID-19 rather than
outcomes caused by COVID-19. Assessing the latter would
require a comprehensive causality assessment for each out-
come event, which was not feasible within the scope of this
study due to limited information in the database. Third, our
study may have excluded mild and moderate exacerbations
of COPD and asthma, as we only identified cases requiring
hospitalisation. Fourth, it is important to note that the popu-
lation in HK is predominantly ethnic Chinese. Therefore,
the generalisability of the analysis to other ethnicities needs
to be tested through replication studies. Lastly, while some
participants in the present study received a different type of
vaccine for their third and fourth doses, the sample size for
this subgroup remains small. Further studies are needed to
elucidate the risk of COVID-related outcomes in this group.

5 Conclusion
In this population-based study in HK, we observed no ele-

vated risk of respiratory exacerbation following each dose
of the COVID-19 vaccine (CoronaVac and BNT162b2) in
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patients with COPD or asthma or both. Both vaccines were
associated with reduced risks of COVID-related mortality,
hospitalisations, and severe complications. Booster vac-
cines (third and fourth doses) exhibited higher VE against
COVID-19 outcomes than a two-dose regimen. It is recom-
mended that patients with COPD and asthma receive vac-
cination to mitigate the risk of adverse outcomes associated
with COVID-19, both in the current and future epidemic
waves.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40264-023-01364-7.
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