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ARTICLE INFO ABSTRACT
Keywords: Background: Concerns regarding the autoimmune safety of COVID-19 vaccines may negatively impact vaccine
COVID-19 vaccines uptake. We aimed to describe the incidence of autoimmune conditions following BNT162b2 and CoronaVac
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vaccination and compare these with age-standardized incidence rates in non-vaccinated individuals.

Methods: This is a descriptive cohort study conducted in public healthcare service settings. Territory-wide lon-
gitudinal electronic medical records of Hong Kong Hospital Authority users (>16 years) were linked with COVID-
19 vaccination records between February 23, 2021 and June 30, 2021. We classified participants into first/
second dose BNT162b2 groups, first/second dose CoronaVac groups and non-vaccinated individuals for inci-
dence comparison. The study outcomes include hospitalized autoimmune diseases (16 types of immune-mediated
diseases across six body systems) within 28 days after first and second dose of vaccination. Age-standardized
incidence rate ratios (IRRs) with exact 95% confidence intervals (CIs) were estimated using Poisson distribution.
Results: This study included around 3.9 million Hong Kong residents, of which 1,122,793 received at least one
dose of vaccine (BNT162b2: 579,998; CoronaVac: 542,795), and 721,588 completed two doses (BNT162b2:
388,881; CoronaVac: 332,707). Within 28 days following vaccination, cumulative incidences for all autoimmune
conditions were below 9 per 100,000 persons, for both vaccines and both doses. None of the age-standardized
incidence rates were significantly higher than the non-vaccinated individuals, except for an observed
increased incidence of hypersomnia following the first dose of BNT162b2 (standardized IRR: 1.47; 95% CL:
1.10-1.94).

Conclusions: Autoimmune conditions requiring hospital care are rare following mRNA and inactivated COVID-19
vaccination with similar incidence to non-vaccinated individuals. The association between first dose BNT162b2
vaccination and immune-related sleeping disorders requires further research. Population-based robust safety
surveillance is essential to detect rare and unexpected vaccine safety events.

* Corresponding author. Centre for Safe Medication Practice and Research, Department of Pharmacology and Pharmacy, The University of Hong Kong, L2-57,
Laboratory Block, 21 Sassoon Road, Pokfulam, Hong Kong, China.
E-mail address: wongick@hku.hk (I.C.K. Wong).
1 Co-first author. XL and LG contributed equally to this article.

https://doi.org/10.1016/j.jaut.2022.102830

Received 12 February 2022; Received in revised form 31 March 2022; Accepted 31 March 2022
Available online 14 April 2022

0896-8411/© 2022 Elsevier Ltd. All rights reserved.


mailto:wongick@hku.hk
www.sciencedirect.com/science/journal/08968411
https://www.elsevier.com/locate/jautimm
https://doi.org/10.1016/j.jaut.2022.102830
https://doi.org/10.1016/j.jaut.2022.102830
https://doi.org/10.1016/j.jaut.2022.102830
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaut.2022.102830&domain=pdf

X Lietal
1. Introduction

There has been a long-standing debate about vaccination and its
potential to trigger autoimmune diseases (AID). For example, the
influenza vaccine and Guillain-Barré syndrome [1], the
Measles-Mumps-Rubella vaccine and thrombocytopenic purpura [2].
Although causality is not fully established, the fear of new onset or
recurrence of AID may contribute to vaccine hesitancy and negatively
impact vaccine uptake [3]. Currently, several vaccines using different
technology platforms (mRNA, inactivated virus, protein subunit and
viral vector) have been developed and authorized for emergency use
against COVID-19 worldwide [4]. The characteristics of these vaccine
platforms could result in different levels of neutralizing antibodies,
T-cell response, and avoidance/occurrence of immune-mediated
diseases.

Autoimmune safety events reported in Phase II/III trials, such as
Bell’s Palsy in mRNA vaccine (Moderna) [5] and transverse myelitis in
viral vector vaccine (AstraZeneca (ChAdOx1)) [6], were uncommon and
have been labeled in the prescribing information. However, since the
launch of global vaccination against COVID-19, several case reports and
analyses have described autoimmune conditions following vaccination.
In a prospective cohort analysis, Simpson et al. implied an association
between viral vector vaccine (AstraZeneca (ChAdOx1)) and the devel-
opment of immune thrombocytopenia [7]. Wan et al. suggested the
safety signal of Bell’s palsy with inactivated vaccine (CoronaVac) in a
nested case-control and case series study [8]. Case reports or case series
of Guillain-Barré syndrome [9-12], cutaneous vasculitis [13], reactive
arthritis [14] and immune-medicated disease flare [14] from both
mRNA and inactivated virus platforms are continuously emerging, and
the list is not exclusive. Given the ongoing COVID-19 pandemic and the
likelihood of routine vaccination for infection control, it is of timely
importance to assess the autoimmune safety of COVID-19 vaccines in
real-world settings.

Hong Kong (HK) is among the few jurisdictions in the world that
have approved the emergency use of COVID-19 vaccines from two
different technology platforms: inactivated virus vaccine, CoronaVac,
from Sinovac Biotech (HK) Limited and mRNA vaccine, BNT162b2, from
Fosun-BioNTech (equivalent to Pfizer-BioNTech). The rollout of the
public-funded mass vaccination program began with CoronaVac on
February 23, 2021 and was closely followed by BNT162b2 on March 12,
2021. By June 30, 2021, more than 3.73 million doses of COVID-19
vaccine had been administered alongside the implementation of
population-based surveillance program for safety monitoring. In this
study, we analyzed the territory-wide electronic medical records (EMRs)
database and summarized the incidence of AID across the predefined
disease spectrum among CoronaVac and BNT162b2 recipients in HK. We
assessed the population-level risk of AID following mRNA and inacti-
vated virus COVID-19 vaccination to inform vaccination decisions.

2. Methods
2.1. Data sources

We obtained population-based EMRs from the Hospital Authority
(HA) and vaccination records from the Department of Health (DH) of HK
Government to conduct this study. The HA manages all public hospitals
and clinics in HK and provides publicly funded health services to all
eligible HK residents (>7 million). The EMRs database managed by HA
is centralized from the territory-wide clinical management system of 42
public hospitals with high population coverage, representativeness, and
coding accuracy [15-18]. DH, the government health adviser and
agency that executes health-related policies and statutory functions,
manages COVID-19 vaccination records of all HK residents. EMRs from
the HA were linked with the DH vaccination records using de-identified
non-reversible pseudo-ID to protect patient privacy. The database has
been used for several COVID-19 vaccine safety assessment in HK [8,
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19-29].
2.2. Study design and population

This was a population-based descriptive cohort study. The study
population consisted of all Hong Kong residents >16 years who had ever
used the HA service (emergency admission, general or specialist
outpatient clinic visit, or hospital admission) between January 1, 2018
and June 30, 2021. DH vaccination records between February 23 and
June 30, 2021 were linked to the HA database to confirm vaccination
status. Following the vaccination record linkage, we generated pseudo
index dates for the non-vaccinated individuals to facilitate cohort
follow-up. Within each age and sex group, we matched each vaccine
recipient with non-vaccinated individuals at maximum ratio (the num-
ber of vaccine recipients divided by the number of non-vaccinated in-
dividuals in each age-sex strata) and assigned the vaccination date as the
pseudo index date for the non-vaccinated individuals. We treated first
dose and second dose as independent episodes and conducted the non-
vaccinated group matching separately.

We followed up these individuals from the index date (date of first
dose vaccination, date of second dose vaccination, or age-sex matched
pseudo index date for non-vaccinated individuals) to the date of event of
interest, date of registered death, 28 days after index date, or the end
date of data availability (June 30, 2021), whichever was earlier. To
differentiate whether the event was completely related to the first dose,
in the first dose analysis, we also censored the follow-up one day before
the second dose, if any. The record linkage, matching procedure and
cohort follow-up is illustrated in Supplementary Fig. 1.

2.3. Outcome measures

We assessed the incidence of hospital admission related to a spec-
trum of 16 pre-specified AID, grouped by body systems including: 1)
immune-mediated cardiovascular diseases (Kawasaki disease, single
organ cutaneous vasculitis); 2) organ specific immune-mediated endo-
crine disorder (subacute thyroiditis); 3) immune-mediated hematologi-
cal diseases (anti-phospholipid antibody syndrome, idiopathic
thrombocytopenia); 4) immune-mediated multisystem diseases (Sjogren
syndrome, systemic lupus erythematosus); 5) immune-mediated
musculoskeletal diseases (acute aseptic arthritis, reactive arthritis,
rheumatoid arthritis, psoriatic arthritis, spondyloarthritis); and 6)
immune-mediated neurological disorders (acute disseminated enceph-
alomyelitis, Guillain-Barré syndrome, narcolepsy and related disorders,
and transverse myelitis). We used the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis
codes for outcomes identification (Supplementary Table 1). The selec-
tion of autoimmune conditions was based on 1) the list of adverse events
of special interests (AESI) according to the World Health Organization’s
Global Advisory Committee on Vaccine Safety (GACVS) [30]; 2)
Brighton Collaboration Safety Platform for Emergency vACcines
(SPEAC) [31]; 3) consultation with a local immunologist about the other
immune-related AESI that might be of concern. All these diseases were
pre-defined before analysis without the influence of the availability of
ICD-9-CM diagnostic codes. We defined each individual outcome as an
incident case if this was the patient’s first relevant diagnosis (primary
diagnosis) in the inpatient setting during the 28 days of follow-up. Pa-
tients with a diagnosis history within 365 days before the index date
were excluded from the study cohort. The same procedure was con-
ducted for first dose, second dose and non-vaccinated groups.

2.4. Main analysis

We reported two age-standardized health situation measurements as
the main outcome of this study. First, we described the 28-day cumu-
lative incidence (per 100,000 persons) of each condition, using 5-year
age band weightings (16-19, 20-24, 25-29, 30-34, 35-39, 40-44,
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Table 1
Baseline characteristics and pre-existing comorbidities of study cohorts.
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First dose Second dose
None BNT162b2 CoronaVac SMD None BNT162b2 CoronaVac SMD
N 2816133 579998 542795 - 1892783 388881 332707 -
Male (%) 1183236 275965 266681 0.095 831868 190562 175487 0.118
(42.0) (47.6) (49.1) (43.9) (49.0) (52.7)
Age (mean (SD)) 55.67 (19.17) 46.72 54.01 0.374 56.81 47.49 54.67 0.389
(15.06) (13.85) (19.27) (14.88) (13.97)
Charlson Comorbidity Index (mean (SD)) 0.35 (0.91) 0.10 (0.41) 0.15 (0.49) 0.250  0.37 (0.93) 0.10 (0.41) 0.15 (0.49) 0.263
Myocardial infarction (%) 16935 (0.6) 617 (0.1) 891 (0.2) 0.057 12229 (0.6) 418 (0.1) 548 (0.2) 0.060
Congestive Heart Failure (%) 32695 (1.2) 425 (0.1) 912 (0.2) 0.096 24414 (1.3) 302 (0.1) 581 (0.2) 0.102
Peripheral vascular disease (%) 7525 (0.3) 249 (0.0) 362 (0.1) 0.039 5631 (0.3) 175 (0.0) 240 (0.1) 0.042
Cerebrovascular disease (%) 111165 (3.9) 4309 (0.7) 7350 (1.4) 0.145 80569 (4.3) 2964 (0.8) 4611 (1.4) 0.153
Stroke or systemic embolism (%) 37828 (1.3) 1226 (0.2) 2197 (0.4) 0.088 27494 (1.5) 852 (0.2) 1360 (0.4) 0.093
Asthma (%) 27317 (1.0) 3665 (0.6) 3309 (0.6) 0.027 18798 (1.0) 2468 (0.6) 2043 (0.6) 0.028
Chronic obstructive pulmonary disease (%) 58132 (2.1) 4778 (0.8) 5343 (1.0) 0.070 41664 (2.2) 3244 (0.8) 3365 (1.0) 0.075
Dementia (%) 11122 (0.4) 103 (0.0) 149 (0.0) 0.057 8477 (0.4) 69 (0.0) 105 (0.0) 0.061
Diabetes without chronic complication (%) 351241 27787 (4.8) 41633 (7.7) 0.185 245849 18561 (4.8) 25251 (7.6) 0.196
(12.5) (13.0)
Diabetes with chronic complication (%) 20940 (0.7) 871 (0.2) 1302 (0.2) 0.060 14766 (0.8) 594 (0.2) 795 (0.2) 0.063
Chronic renal failure (%) 38702 (1.4) 1155 (0.2) 2048 (0.4) 0.091 28288 (1.5) 778 (0.2) 1297 (0.4) 0.097
Mild liver disease (%) 4056 (0.1) 231 (0.0) 324 (0.1) 0.023 2846 (0.2) 158 (0.0) 188 (0.1) 0.024
Moderate-severe liver disease (%) 2871 (0.1) 141 (0.0) 188 (0.0) 0.021 1980 (0.1) 95 (0.0) 108 (0.0) 0.021
Rheumatoid arthritis and other inflammatory 10584 (0.4) 813 (0.1) 873 (0.2) 0.031 7010 (0.4) 479 (0.1) 456 (0.1) 0.033
polyarthropathies (%)
Malignancy (%) 75657 (2.7) 4682 (0.8) 5220 (1.0) 0.096 52132 (2.8) 3054 (0.8) 3107 (0.9) 0.100
Metastatic solid tumor (%) 14757 (0.5) 348 (0.1) 418 (0.1) 0.058 10256 (0.5) 226 (0.1) 234 (0.1) 0.060

Note: P-values for vaccinated and non-vaccinated groups comparison all <0.001. Abbreviation: SMD, standard mean difference (defined as the average of SMD among

unvaccinated, CoronaVac and BNT162b2).

45-49, 50-54, 55-59,60-64, 65-69, 70-74, 75-79, 80-84 and > 85
years) based on the HK 2021 mid-year population census. Second, to
account for the follow-up time differences among groups, we reported
the age-standardized incidence rate (per 100,000 person-years) using
the indirect standardization method. We treated the non-vaccinated
group as an internal reference group and calculated the proportion of
follow-up time (in person-years) in each age strata (16-19, 20-24,
25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69,
70-74, 75-79, 80-84 and > 85 years) for incidence standardization. For
each condition, we used observed number of cases, the follow-up time
and proportion of person-years in each age strata to calculate age-
specific crude incidence rate and aggregated the age-standardized
incidence rate. We further estimated the expected cases in each group
and calculated the standardized incidence rate ratios (IRRs) with exact
95% confidence intervals (Cls) using Poisson distribution [32,33].

2.5. Additional analyses

We conducted several additional analyses. First, in order to exclude
the possibility that the autoimmune conditions were related to SARS-
CoV-2 infection, we removed individuals who had positive SARS-CoV-
2 PCR tests prior to June 30, 2021 and replicated the main analysis.
Until Omicron variant began to spread in HK, PCR test was the gold
standard for official diagnosis of COVID-19 and all suspected cases were
required to undergo PCR test to be a confirmed case. Second, consid-
ering that some of the autoimmune manifestations, e.g., Guillain-Barré
syndrome, may take longer than 28 days to develop, we removed the 28-
day follow-up requirement in the second dose analysis and extended the
observation period to the end date of data availability. Third, for the
estimation of standardized IRRs, we further extended the case definition
using both primary and secondary diagnoses at discharge, in consider-
ation of potential different coding practices by clinicians. Fourth, given
autoimmune diseases are more prevalent in females, we conducted the
sex-stratified analysis to investigate the potential disease incidence
differences between males and females. In addition, we conducted an
ecological study to complement the main analysis. We assumed that the
COVID-19 vaccination program (implemented from March to June

2021) will not impact the natural occurrence of AID at the population
level and the incidence would be stable over the years within the study
cohort. Hence, we illustrated a four-month (March-June) cumulative
incidence trend for each AID between 2018 and 2021. The observed
number of incident cases were divided by the total number of HA active
patients (>16 years) in the corresponding year to calculate the cumu-
lative incidence. Age-standardization was also conducted based on the
HK 2021 mid-year population census. All analyses were conducted using
R 4.0.3 and cross-checked by two authors (LG and XT).

2.6. Ethics

Ethical approval for this study was granted by the Institutional Re-
view Board of the University of Hong Kong/Hospital Authority Hong
Kong West Cluster (UW 21-149 and UW 21-138); and the Department of
Health Ethics Committee (LM 21/2021). Patient identification was
anonymized from HA and DH databases and patient consent was not
required.

3. Results

We obtained the EMRs of 3,946,550 HA active patients with affirmed
vaccination status. After age-sex matching with the non-vaccinated
group, 1,122,793 vaccine recipients (BNT162b2: 579,998; CoronaVac:
542,795) were included in the first dose analysis, and 721,588 vaccine
recipients (BNT162b2: 388,881; CoronaVac: 332,707) were included in
the second dose analysis with follow-up until censoring (Supplementary
Fig. 1). 63.0% in the first dose analysis and 71.9% in the second dose
analysis had the injection on or before June 3, 2021 with the full 28 days
observation from vaccination date to the study end date (June 30, 2021).
Compared with non-vaccinated individuals, vaccine recipients were
younger, more likely to be males, and less likely to have pre-existing
chronic diseases. Detailed baseline characteristics of the study cohorts
are summarized in Table 1.
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Fig. 1. Cumulative incidence of hospitalized autoimmune diseases among vaccine recipients and non-vaccinated individuals.

3.1. Main analysis

Within 28 days after the index date, autoimmune conditions
requiring hospitalization were generally rare (cumulative incidence all
below 9 per 100,000 persons) among vaccine recipients and non-
vaccinated individuals (Fig. 1). After the first dose, most of the
analyzed immune-mediated cardiovascular, endocrine, hematological,
nervous, and multisystem diseases had a cumulative incidence lower
than 1 per 100,000 persons for both BNT162b2 and CoronaVac re-
cipients, translating to fewer than 10 cases per 1 million of first dose
administration (Table 2). Several autoimmune conditions following
immunization are extremely rare and zero cases were recorded in our
database for acute disseminated encephalomyelitis, Kawasaki disease,
subacute thyroiditis, and transverse myelitis for BNT162b2 and Coro-
naVac and also Guillain-Barré syndrome, single organ cutaneous
vasculitis for CoronaVac. The incidence of reactive arthritis and
narcolepsy-related disorders were relatively higher compared to other
AIDs, with cumulative incidence ranging between 4.12 and 8.35 per

100,000 persons among first dose vaccine recipients (Table 2). Simi-
larly, the majority of the autoimmune conditions following the second
dose also had a 28-day cumulative incidence of less than 1 per 100,000
persons (Fig. 1). Reactive arthritis, narcolepsy-related disorders and
thrombocytopenia appeared to have a numerically higher incidence
than the corresponding incidence reported after the first dose.

When considering age and follow-up time into the measurement of
disease occurrence using standardized incidence rate, we did not detect
a significantly increased incidence rate of all the interested autoimmune
conditions among the vaccine recipients (Fig. 2 first dose analysis; Fig. 3
second dose analysis), except narcolepsy and related disorders among
first dose BNT162b2 recipients (standardized incidence: 220.56 versus
136.29 per 100,000 person-years; standardized IRR: 1.47; 95% CI:
1.10-1.94). The age-standardized all-cause mortality was considerably
lower in the vaccine groups, suggesting that individuals who received
the vaccine might be healthier than the non-vaccinated.
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Table 2
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28-day cumulative incidence (per 100,000 persons) of autoimmune conditions among vaccine recipients and non-vaccinated individuals.

Body system Disease First dose Second dose
None BNT162b2 CoronaVac None BNT162b2 CoronaVac
Cardiovascular system Kawasaki disease 0.080 0.00 0.00 0.00 0.29 0.00
Single organ cutaneous vasculitis 0.066 0.13 0.00 0.12 0.00 0.00
Endocrine system Subacute thyroiditis 0.090 0.00 0.00 0.00 0.00 0.00
Hematological system Anti-phospholipid antibody syndrome 0.19 0.27 0.46 0.32 0.00 0.00
Thrombocytopenia 0.64 0.39 0.11 0.57 1.11 0.00
Multisystem Sjogren’s syndrome 0.13 0.14 0.11 0.12 0.00 0.00
Systemic lupus erythematosus 1.21 0.15 0.22 1.21 0.20 0.00
Musculoskeletal system Acute aseptic arthritis 2.07 0.61 1.71 2.21 1.85 2.80
Reactive arthritis 8.49 4.12 5.46 8.56 7.24 8.53
Rheumatoid arthritis 1.60 0.34 0.57 1.69 0.36 0.77
Psoriatic arthritis 0.38 0.26 0.39 0.37 0.20 0.82
Spondyloarthritis 0.40 0.14 0.12 0.42 0.00 0.00
Nervous system Acute disseminated encephalomyelitis 0.00 0.00 0.00 0.071 0.55 0.00
Guillain-Barré syndrome 0.062 0.14 0.00 0.10 0.00 0.00
Narcolepsy and related disorders 7.62 8.35 4.17 7.55 6.86 7.74
Transverse myelitis 0.00 0.00 0.00 0.07 0.55 0.00
All-cause death Death 60.47 3.29 4.54 63.18 6.83 3.98

3.2. Additional analyses

In total, we removed 10,185 individuals who had previous SARS-
CoV-2 infection before our study end date, and the results were
consistent with the main analysis (Supplementary Figs. 2 and 3). After
removing the 28-day follow-up time restriction in the second dose
analysis, there were more autoimmune conditions with non-significant
IRRs greater than one, including Sjogren’s syndrome, acute dissemi-
nated encephalomyelitis, and transverse myelitis in both BNT162b2 and
CoronaVac groups, psoriatic arthritis in CoronaVac group, and narco-
lepsy and related disorders in the BNT162b2 group (Supplementary
Fig. 4). When using both primary and secondary diagnoses for case
definition, the standardized IRRs for all disease groups yielded consis-
tent results as the main analysis (Supplementary Figs. 5 and 6). The
tendency for increased risk of narcolepsy and related disorder among
first dose BNT162b2 recipients remained but became non-significant
(standardized incidence: 242.26 versus 197.88 per 100,000 person-
years standardized IRR: 1.23; 95% CIL: 0.95-1.58). In general, we did
not find significant differences between males and females (Supple-
mentary Table 2 and Supplementary Table 3), but the observed ten-
dency of increased incidence of thrombocytopenia after the second dose
of BNT162b2 in the main analysis became prominent in females. In the
ecological analysis of 3.9 million HA active patients, we observed a
relatively stable trend of a four-month cumulative incidence between
2018 and 2021 for all autoimmune conditions analyzed (Supplementary
Fig. 7).

4. Discussion

HK is among the ten jurisdictions in the world implementing both
mRNA and inactivated virus vaccines for emergency use, which allows
us to analyze the autoimmune safety performance of the two technology
platforms in one population cohort. In this territory-wide descriptive
cohort study following more than 1 million people with BNT162b2 and
CoronaVac vaccination in HK, we found that autoimmune conditions
that need inpatient management are rare, with a comparable incidence
rate with non-vaccinated individuals. Under the circumstance of
emerging case reports on autoimmune conditions following COVID-19
vaccination, this study provides population-level perspectives on auto-
immune safety, with the potential to enhance vaccine confidence among
the public.

Among the autoimmune conditions analyzed in this study, published
case reports focused mainly on Guillain-Barré syndrome, immune
thrombocytopenia, and cutaneous vasculitis [7,9-13,34]. Because of the
low incidence, the observed number of these three conditions are all less

than 5 among our 1.1 million vaccine recipient records. Within 28 days
after vaccination, most of the standardized incidence rates were not
significantly higher than in non-vaccinated individuals, and we were
unable to detect major safety signals for these conditions for both vac-
cines. In the additional analysis that removed the requirement of 28 days
follow-up, we observed more diseases with an IRR greater than one
although they did not reach significant levels. This might suggest that
some autoimmune manifestations may take longer than 28 days to
develop and the risk window for vaccine safety monitoring needs
thoughtful adjustment. The natural rarity of autoimmune diseases with
or without the vaccination proposes a huge challenge for signal detec-
tion and association evaluation. The World Health Organization has
called for pharmacovigilance preparedness for COVID-19 vaccines in all
countries [35]. Our study highlights that, for rare safety events moni-
toring, it is particularly imperative to establish a population-based,
real-time surveillance system through multiple stakeholder collabora-
tion and capacity building. In addition, in line with the existing litera-
ture [23,36], we observed a tendency of increased incidence of
thrombocytopenia following the second dose of BNT162b2; and the
safety signal prominent in females as shown in the age-stratified anal-
ysis. A similar observation was reported in the safety study on
ChAdOx1-S (Oxford-AstraZeneca COVID-19 vaccine) [37]. The poten-
tial sex-specific effect of vaccine-associated thrombocytopenia warrants
further investigation.

Similar to the observations from other COVID-19 vaccine safety
studies, individuals who received the vaccines are generally healthier
with fewer comorbidities than the general population [37,38]. In HK,
the rollout of the COVID-19 vaccination program prioritized healthcare
workers, personnel maintaining critical public services and care home
residents at the initial stage [39]. Four months after the program
commencement, 44% of the eligible HK population had already received
the first vaccine dose while the uptake in care home residents was only
5%. This possibly explains the significantly lower incidence of systemic
lupus erythematosus, reactive arthritis, and rheumatoid arthritis, and
most pronouncedly, all-cause mortality, among vaccine recipients found
in this study. In addition, Hong Kong maintained a very low mortality
rate due to COVID-19 before the recent circulation and pandemic of
Omicron. Up to June 30, 2021 (the study end date), the cumulative
number of death due to COVID-19 is only 212 out of 11,937 confirmed
cases [40], therefore, we anticipate the attribution of death from
COVID-19 on the all-cause mortality is minimal. The current mortality
analysis mainly indicated the ‘healthy-cohort’ effect from the vaccinated
group.

Notably, this observation should not be misinterpreted as the vaccine
lowers the risk of these diseases or prevents death. Due to the limited
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Age-
Observed .
g Observed Expected standardized -
Body system Disease Groups - i person- o (per 100,000 IRRs (95% Cls)
years
person-years)
Cardiovascular Kawasaki disease None n<5 2 175834.23 1.14
system BNT162b2 0 0 30016.54 0.00 «
CoronaVac 0 0 34041.10 0.00 «
Single organ None n<5 2 175830.83 1.14
cutaneous BNT162b2 n<5 1 30016.32 219 -
vasculitis CoronaVac 0 0 34041.02 0.00 «
Endocrine Subacute None n<5 2 175833.36 1.14
system thyroiditis BNT162b2 0 0 30016.39 0.00 «
CoronaVac 0 0 3404067 0.00 «
Hematological Anti-phospholipid None 6 6 175816.57 3.41
system antibody syndrome BNT162b2 n<5 2 30015.53 6.18 2
CoronaVac n<5 3 34039.18 953 ' -
Thrombocytopenia None 24 24 175733.88 13.66
BNT162b2 n<5 2 30011.41 6.16 e ———
CoronaVac n<§ 1 34035.89 1.64 ro—q
Multisystem Sjogren's None n<5 4 175819.84 2.28
syndrome BNT162b2 n<5 1 30015.78 2.90 -
CoronaVac n<5 1 34039.64 2.38 ©
Systemic lupus None 34 34 175760.18 19.35
erythematosus BNT162b2 n<5 1 30013.24 3.87 —|
CoronaVac n<5 1 34039.30 405 o |
Musculoskeletal Acute aseptic None 96 96 17562844 54.72 |
system arthritis BNT162b2 n<5 4 30007.37 1425 1e—
CoronaVac 12 15 34029 .41 44 81 ——i
Reactive arthritis  None 356 357 175443.52 203.20
BNT162b2 28 29 2908562 9543 R
CoronaVac 35 43 34004.24 126.75 e
Rheumatoid None 58 58 17566848 33.02
arthritis BNT162b2 n<5 3 30006.35 955 e—
CoronaVac n<5 3 34026.33 937 re—
Psoriatic arthritis ~ None 13 13 175768.35 740
BNT162b2 n<5 2 30008.94 5.20 2
CoronaVac n<5 3 34035.35 10.06 .
Spondyloarthritis  None 12 12 175778.28 6.83
BNT162b2 n<5 1 30010.55 243 —o———
CoronaVac n<5 1 34035.72 358 e ——
Nervous system Acute None 0 0 175832.29 0.00
disseminated BNT162b2 0 0 300186.50 0.00
encephalomyelitis CoronaVac 0 0 34041.02 0.00
Guillain-Barré None n<5 3 175829.22 1.71
syndrome BNT162b2 n<5 1 30016.48 2.90 -
CoronaVac 0 0 34040.85 0.00 «
Narcolepsy and None 239 239 175417 .11 136.29
related disorders BNT162b2 52 60 2994223 200.56 ——i
CoronaVac 34 26 33962.45 75.77 o
Transverse None 0 0 17583142 0.00
myelitis BNT162b2 0 0 30016.50 0.00
CoronaVac 0 0 34041.02 0.00
Death Death None 3092 3092 17583512 175847
BNT162b2 15 30 30016.63 9921 «
CoronaVac 28 38 34041.10 111.87 o
o 1 2 3 a4 s

Fig. 2. Standardized incidence rates of autoimmune conditions among first dose vaccine recipients and non-vaccinated individuals.

case numbers of each disease in this descriptive cohort study, we
considered only age and follow-up time, not other confounding factors,
when assessing autoimmune safety following COVID-19 vaccination. It
is anticipated that more individuals with well-controlled chronic con-
ditions, including the elderly, will be vaccinated given the government’s
commitment to achieve optimal vaccine uptake and herd immunity. The
number of rare safety outcomes could possibly accumulate, and further

analytical epidemiological studies are highly encouraged to evaluate the
association with comprehensive covariate adjustment.

With great interest, we observed a potential safety signal of narco-
lepsy and related disorders following the first dose of BNT162b2. The
initial motivation for including narcolepsy in the list of interested AIDs
was due to the widely reported increased risk of narcolepsy among
Pandemrix (ASO3 adjuvanted pandemic A/HIN1 influenza vaccine)
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Age-
Observed o
g Observed Expected standardized o
Body system Disease Groups N it person- o (per 100,000 IRRs (95% Cls)
years
person-years)
Cardiovascular Kawasaki disease None 0 0 121753.05 0.00
system BNT162b2 n<5 1 2446715 3.39
CoronaVac 0 0 21963.28 0.00
Single organ None n<4 4 121750.57 3.29
cutaneous BNT162b2 0 0 2446713 0.00 «
vasculitis CoronaVac 0 0 21963.20 0.00 o
Endocrine Subacute None 0 0 121752.36 0.00 i
system thyroiditis BNT162b2 0 0 24467.06 0.00
CoronaVac 0 0 21962.90 0.00
Hematological Antiphospholipid None 7 7 121739.83 5.75
system antibody syndrome BNT162b2 0 0 24466.51 000 ¢+
CoronaVac 0 0 21961.97 000 ¢ ¢+
Thrombocytopenia None 17 17 121681.16 13.97
BNT162b2 n<5 6 24463.04 23.61
CoronaVac 0 0 21959.58 0.00 &
Multisystem Sjogren's None n<5 3 121743.26 2.46 i
syndrome BNT162b2 0 0 24466 .44 0.00 «
CoronaVac 0 0 2196248 0.00 «
Systemic lupus None 23 23 121702.35 18.90 3
erythematosus BNT162b2 n<5 1 24464.79 261 —*n
CoronaVac 0 0 2196227 0.00 & |
Musculoskeletal Acute aseptic None 75 75 121590.74 61.77
system arthritis BNT162b2 8 11 24459 55 43.30 ——i
CoronaVac 14 13 21954 80 59.07 ———
Reactive arthritis  None 256 256 121451.49 21117
BNT162b2 24 47 2444046 193.02 -
CoronaVac 33 51 21937.58 233.00 oe—i
Rheumatoid None 38 38 121636.25 31.25
arthritis BNT162b2 n<5 1 24460.18 424 w— !
CoronaVac n<5 3 2195462 1146 ++——
Psoriatic arthritis  None 9 9 121705.18 740
BNT162b2 n<5 1 24461.05 3.26 -
CoronaVac n<5 4 21959.89 19.53 -
Spondyloarthritis  None 8 8 12171272 6.57 |
BNT162b2 0 0 2446211 000 «—+
CoronaVac 0 0 21960.13 000 o—M
Nervous system Acute None n<5 2 121751.67 1.64
disseminated BNT162b2 n<5 1 2446713 3.88 : &
encephalomyelitis CoronaVac 0 0 21963.20 0.00 «
Guillain-Barré None n<5 3 121749.13 246
syndrome BNT162b2 0 0 24467.04 0.00 « :
CoronaVac 0 0 21963.20 0.00 «
Narcolepsy and None 165 165 121451.85 135.89 ?
related disorders BNT162b2 32 34 24404 .81 138.39 —o—
CoronaVac 39 31 21909.14 143.27 ——
Transverse None n<5 2 121751.16 1.64 §
myelitis BNT162b2 n<5 1 2446713 3.88 : *
CoronaVac 0 0 21963.20 0.00 «
Death Death None 2389 2389 12175349 1062.16
BNT162b2 16 48 24467 .22 195.83
CoronaVac 18 19 21963.28 8712

Fig. 3. Standardized incidence rates of autoimmune conditions among second dose vaccine recipients and non-vaccinated individuals.

recipients in European countries and Canada during the 2009H1N1
pandemic [41-46], which could contribute to vaccine hesitancy against
COVID-19 [47,48]. Considering the potential delay and miscoded
diagnosis of narcolepsy from inpatient settings [49],we used a series of
ICD-9-CM codes (307.4x, 347 .xx and 780.5x%, Supplementary Table 1) to
investigate a broader range of relevant sleeping disorders according to
ACCESS - a project funded by the EMA for the safety monitoring of

COVID-19 vaccines [50]. When breaking down the ICD-9-CM codes, we
found that hypersomnia (ICD-9-CM: 780.53) was predominately coded
but no case was coded as narcolepsy (ICD-9-CM: 347). Therefore, the
increased incidence may not be attributed to narcolepsy, but mainly
associated with hypersomnia, a likely manifestation of fatigue and
increased sleep duration commonly reported after the COVID-19
vaccination [38,51,52]. To date, no narcolepsy-related disorder case
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report is related to COVID-19 vaccination. There is a recent
proof-of-concept study using wearable devices found an increased
sleeping duration up to four days post-BNT162b2 vaccination [53]. The
sleeping signal detected in this study encourages further investigation
on the immunogenicity, mechanism and association between mRNA
vaccine and sleeping disorders.

With the availability of territory-wide longitudinal EMRs, this study
systematically reported the incidence of autoimmune conditions among
vaccine recipients and non-vaccinated controls in the same period and
within the same health system. This would avoid reporting bias from
enhanced surveillance when using the historical background incidence
as the control. There are also limitations in this study. Due to limited
data sources, our case definition was restricted to autoimmune condi-
tions that were severe enough to warrant hospitalization and inpatient
care. Mild, self-limiting autoimmune conditions not requiring inpatient
treatment are beyond the scope of this study. Similarly, our EMRs
database does not include health information from the private sector,
and information on other vaccination which may cause such diseases.
Finally, case identification largely depended on ICD-9-CM diagnosis
codes, which could cast some uncertainty on coding practices and
affirmative diagnosis. However, previous studies using the EMRs data-
base from the HA showed high coding accuracy [15-18] and our addi-
tional analyses using both primary and secondary diagnosis would
minimize this risk.

5. Conclusions

Within 28 days after BNT162b2 and CoronaVac vaccination, auto-
immune conditions requiring hospitalization are rare and similar to
disease occurrence among the non-vaccinated population. The associa-
tion between first dose BNT162b2 vaccination and immune-related
sleeping disorders requires further research. Population-based active
safety surveillance is essential to detect rare and unexpected adverse
events and serves as a useful tool for future hypothesis testing epide-
miology studies.
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