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Background: Rapid deployment of COVID-19 vaccines is challenging for safety surveillance, especially on
adverse events of special interest (AESIs) that were not identified during the pre-licensure studies. This
study evaluated the risk of hospitalisations for predefined diagnoses among the vaccinated population
in Malaysia.
Methods: Hospital admissions for selected diagnoses between 1 February 2021 and 30 September 2021
were linked to the national COVID-19 immunisation register. We conducted self-controlled case-series
study by identifying individuals who received COVID-19 vaccine and diagnosis of thrombocytopenia,
venous thromboembolism, myocardial infarction, myocarditis/pericarditis, arrhythmia, stroke, Bell’s
Palsy, and convulsion/seizure. The incidence of events was assessed in risk period of 21 days postvacci-
nation relative to the control period. We used conditional Poisson regression to calculate the incidence
rate ratio (IRR) and 95% confidence interval (CI) with adjustment for calendar period.
Results: There was no increase in the risk for myocarditis/pericarditis, Bell’s Palsy, stroke, and myocardial
infarction in the 21 days following either dose of BNT162b2, CoronaVac, and ChAdOx1 vaccines. A small
increased risk of venous thromboembolism (IRR 1.24; 95% CI 1.02, 1.49), arrhythmia (IRR 1.16, 95% CI
1.07, 1.26), and convulsion/seizure (IRR 1.26; 95% CI 1.07, 1.48) was observed among BNT162b2 recipi-
ents. No association between CoronaVac vaccine was found with all events except arrhythmia (IRR 1.15;
95% CI 1.01, 1.30). ChAdOx1 vaccine was associated with an increased risk of thrombocytopenia (IRR
2.67; 95% CI 1.21, 5.89) and venous thromboembolism (IRR 2.22; 95% CI 1.17, 4.21).
Conclusion: This study shows acceptable safety profiles of COVID-19 vaccines among recipients of
BNT162b2, CoronaVac, and ChAdOx1 vaccines. This information can be used together with effectiveness
data for risk-benefit analysis of the vaccination program. Further surveillance with more data is required
to assess AESIs following COVID-19 vaccination in short- and long-term.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

The administration of COVID-19 vaccines is viewed as the most
promising approach to curb the pandemic. By the end of 2021,
nearly nine billion doses of COVID-19 vaccines had been adminis-
tered worldwide [1]. The vaccines have been proven to be safe and
effective in clinical trials. Yet, as with the initiation of any new
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drugs, information on long-term safety and effectiveness is still
being gathered during the post-marketing phase [2]. Rapid deploy-
ment of COVID-19 vaccines on a mass scale poses challenges for
monitoring vaccine safety, including those not identified during
the pre-licensure studies. Adverse effects following immunisation
(AEFI) signal detection have primarily relied on passive surveil-
lance reporting; however, it is often limited by incomplete infor-
mation or under-reporting [3,4]. As such, enhancement of the
type and scope of vaccine monitoring activities, including the con-
duct of active surveillance activities and well-designed observa-
tional study could refine the collecting and processing of
information on COVID-19 vaccine safety [5].

Variations in the safety profile between different vaccine plat-
form are to be expected as the different mechanism was used to
trigger an immune response. mRNA vaccines (BNT162b2 and
mRNA-1273) and adenoviral vector vaccines (ChAdOx1, Ad26.
COV2.S) have been most extensively studied due to their high
prevalence in western countries. Little information is currently
available on the inactivated vaccine (CoronaVac, BBIBP-CorV) that
has significant uptake globally [6]. Since the initiation of the
COVID-19 immunisation program in Malaysia in late February
2021, 65% of the adult population has been vaccinated by 31
August 2021 [7]. Diverse vaccine portfolios were administered to
the population where the majority were inoculated with
BNT162b2, CoronaVac, or ChAdOx1 vaccines while a smaller pro-
portion received other vaccines including CanSino, Sinopharm
BBIBP-CorV, Ad26.COV.S. With the different types of vaccines
administered, questions are arising on the comparability of these
vaccines, adverse events, and the required period of monitoring.

We established a case-based surveillance approach for adverse
events of special interest (AESI) following COVID-19 vaccination
using routinely collected administrative databases and health
records. This project was initiated to improve the capacity of
COVID-19 vaccine safety monitoring in the country and comple-
ment the current adverse events monitoring through the national
passive surveillance system [8]. We evaluated the risk of serious
adverse events potentially associated with COVID-19 vaccines by
focusing on cases that require hospitalisation among the vacci-
nated population in Malaysia. In this paper, we present the interim
analysis of the ongoing study that covers the first half period of the
COVID-19 immunisation roll-out in Malaysia that evaluates the
occurrence of AESIs among the vaccinated population. We com-
pared the rate of pre-specified AESI between different vaccine plat-
forms and evaluated whether there was an increased risk of events
after COVID-19 vaccination.
2. Materials and methods

2.1. Data sources

Data on vaccination was retrieved from the Malaysia Vaccine
Administration System (MyVAS) database that was launched to
manage vaccination records for the National COVID-19 Immunisa-
tion programme in Malaysia (Supplement 1). The database
includes information on vaccine brand, dates, and doses as well
as demographic details and self-reported comorbidity for the vac-
cinated population in Malaysia.

Hospital admission data were obtained from the Malaysian
Data Warehouse (MyHDW), a national health data repository that
collects data from public and private hospitals in Malaysia. This
data included diagnoses coded according to the International Clas-
sification of Disease (ICD-10), admission and discharge dates, and
discharge status which was monitored and validated by the Health
Informatics Centre, Ministry of Health Malaysia [9]. Between
February and September 2021, data from 216 public and private
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hospitals were available for analysis. Outcome data were also
obtained from two other sources: sentinel surveillance sites and
the national pharmacovigilance database. This allowed for a more
immediate identification of eligible cases to account for the lag in
data accrual due to delays in submission to the central repository
by the data providers. Eight public tertiary hospitals across Malay-
sia were selected as sentinel surveillance sites for this study. Eligi-
ble cases were sourced directly from locally held records at these
hospitals i.e., hospital discharge database and cases were identified
from ICD to 10 coded diagnoses. The pharmacovigilance database
was used to identify outcome events from spontaneous AEFI
reports submitted by healthcare professionals, pharmaceutical
companies, or consumers. Only cases that require hospitalisation
were included for analysis. Outcome data from all sources were
cross-linked to check for overlapping records.

Data on COVID-19 confirmed cases were retrieved from the
national COVID-19 surveillance system. This dataset was used to
determine COVID-19 diagnosis status within the study population
based on the infection date.

All datasets were linked using unique resident identification
numbers to establish the cohort for this study. Record linkage
was conducted using deterministic matching of identifiers and
de-identified data was used for analysis.
2.2. Study design

We used self-controlled case-series (SCCS) study design to
examine the associations between COVID-19 vaccination and out-
come events by comparing the incidence of events across risk peri-
ods relative to the control period. SCCS design employs within-
person comparison and time-invariant confounders (e.g., sex, eth-
nicity, lifestyle, chronic diseases) are self-adjusted [10].
2.3. Study population

The study population comprised individuals who received at
least one dose of the COVID-19 vaccine and were admitted to hos-
pitals with the outcome of interest between 1 February to 30
September 2021. Only the first event within this period was
included in the analysis. Those who had records of hospital admis-
sions for the same diagnosis in the two years before the study per-
iod were excluded. We also excluded individuals who were COVID-
19 positive (i) during admission and (ii) in the 30-day interval
before. To allow for sufficient follow-up time to capture the out-
come, the cohort was restricted to vaccine doses administered up
to 31 August 2021.
2.4. Outcome

Outcomes were hospital admission associated with the pre-
selected diagnoses of interest: thrombocytopenia, venous throm-
boembolism, stroke, myocardial infarction, myocarditis/pericardi-
tis, cardiac arrhythmia, Bell’s Palsy, and convulsion/seizures.
Cases were identified using the ICD-10 diagnosis code in the diag-
noses fields or cause of death recorded. The list of ICD-10 codes for
each outcome is available in Supplement 2. The event date was the
earliest date of hospital admission.
2.5. Exposure

Exposure was defined as receipt of one or more doses of COVID-
19 vaccine. The date of vaccination was used as the date of expo-
sure and individuals were classified according to the type of vac-
cine administered.
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2.6. Statistical analysis

Characteristics of the study population (vaccinated individuals
who developed the outcomes of interest) and the outcome events
were described descriptively. The number of cases was tabulated
by weeks since vaccination to describe event distribution. The
absolute rate of events was calculated by dividing the total number
of events by total doses administered and total persons vaccinated.

The SCCS method was used to investigate the association
between outcome events and vaccination. Each patient follow-up
time is divided into several periods: an exposed period (risk per-
iod) and an unexposed period (control period) (Supplement 3).
The risk period comprised of 1 to 21 days after vaccination. The
21-day duration was defined based on literature and vaccine dose
interval [11]. Given repeat exposures in which individuals may
receive more than one dose of vaccine during the observation per-
iod, the risk period was defined as 21-day duration after any vac-
cine dose. The day of vaccination was defined as day 0 and
included as a separate period. The 14 days before administration
of the first vaccine dose was considered a pre-risk period since
an event during this period is likely to affect the likelihood of
receiving vaccination. All other observation times outside of these
periods between 1 February 2021 and 30 September 2021 were
defined as the control period.

The incidence rate ratio (IRR) of events in the risk period (ex-
posed) and control period (unexposed) were calculated with the
corresponding 95% confidence interval (CI). Each outcome was
modelled separately using conditional Poisson regression with an
offset of the length of risk periods. The models were adjusted for
the month in the observation period to account for potential fac-
tors associated with calendar time. A 95% CI that did not include
one indicates statistical significance. Using a risk period of 21 days,
an observation period from 1 February to 30 September 2021, and
IRR of 2.0 and 1.5, the sample size needed was 151 and 500, respec-
tively, to estimate results with 80% power at 5% significant level.
Reducing the IRR or risk period increases sample size
requirements.

The rate ratio was also estimated for dose-effect where each
dose of COVID-19 vaccine was regarded as a separate exposure
and the risk periods were segmented by dose. Subgroup analysis
was performed by age (<60 versus � 60 years old) and sex of the
patients to offset the risk of complications resulting from age and
sex differences. Several measures were undertaken to assess
assumptions of the SCCS method. To account for event dependent
observation periods where the event may increase the risk of mor-
tality and patient died before the end of observation, sensitivity
analysis was carried out by excluding fatal events. Event depen-
dent exposures were circumvented by including a pre-exposure
risk period of 14 days. Another assumption of the SCCS method
is that events must be independent of one another; therefore, anal-
ysis was restricted to only the first event.

Data were processed and analysed using STATA SE 15.0.
2.7. Ethical approval

This study was part of the project ‘‘Case-based monitoring of
adverse events following COVID-19 vaccination – SAFECOVAC”
that received approval from the Medical Research and Ethics Com-
mittee, Ministry of Health Malaysia (NMRR-21-322-59745) which
include a waiver of informed consent due to the use of secondary
data for this research.
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3. Results

By 31 August 2021, up to 35,201,509 doses of COVID-19 vacci-
nes were administered to over 20 million individuals in Malaysia.
BNT162b2 and CoronaVac vaccines accounted for 44% and 48%,
respectively, 8% were ChAdOx1 while other vaccines accounted
for less than 1%. Of individuals who had received at least one dose
of the vaccine, 51% were aged 18–39 years and 16% were 60 years
and older. Only 38% of individuals vaccinated with ChAdOx1 had
completed two doses during this period, compared to over 70%
for both BNT162b2 and CoronaVac recipients. The total number
of doses administered and vaccinated persons by sex and age are
shown in Supplement 4.

3.1. Event characteristics

Fig. 1 shows an overview of patients included in the primary
analysis by the individual outcome events for hospital admissions
between 1 February 2021 and 30 September 2021 among the vac-
cinated population. The number of events ranged from 87 (my-
ocarditis/pericarditis) to 10,487 (ischaemic stroke). We presented
results for BNT162b2, CoronaVac, and ChAdOx1 vaccines as the
events with other vaccine types were too small. Events that
occurred in the first three weeks after vaccination was approxi-
mately 45% of all events observed in the postvaccination period
(Supplement 5); the event distribution pattern was similarly
observed with all three vaccines.

Table 1 shows the characteristics of events and demographics of
patients who had hospital admissions for the outcome events in
the 21 days following vaccination. More events were recorded after
the first dose of vaccine than the second dose. Patients aged
60 years and older accounted for more than half of the cases, but
the mean age was younger for those who had myocarditis/peri-
carditis (43.6 years), Bell’s Palsy (50.1 years), and convulsion/-
seizures (50.6 years). There was a preponderance of males among
those with myocardial infarction (75%), stroke (60%), and
myocarditis/pericarditis (60%). Nearly 50% of the patients who
had myocardial infarction, arrhythmia, and stroke were reported
to have hypertension.

3.2. Absolute rate of events

Table 2 shows the absolute rate for each event by vaccine type.
Ischaemic stroke was the most frequent and the absolute event
rate within 21 days of any vaccination was between 33 and 115
cases per million doses administered. This was followed by
myocardial infarction (28 to 90 cases per million doses) and
arrhythmia (27 to 95 cases per million doses). The event rate for
others was much lower at less than 30 cases per million doses
for each diagnosis. The absolute event rates appeared to be slightly
higher among BNT162b2 vaccine recipients compared to Corona-
Vac and ChAdOx1 vaccine recipients for most events.

3.3. Incidence rate ratio of events

Fig. 2 shows the incidence rate ratio of events in the 21-day risk
period following either dose of BNT162b2, CoronaVac, and ChA-
dOx1 vaccines compared to the control period. IRR estimates
accounting for the vaccine dose effect are summarised in Table 3
and the IRR in all subintervals within the risk and control periods
are shown in Supplement 6.



Fig. 1. Flow diagram of study population. The study period is from 1 February 2021 to 30 September 2021. Unknown refers to those whose vaccine type was not available.
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In the 21 days following either vaccine dose, no significant
increased risk was found for myocarditis/pericarditis, Bell’s Palsy,
stroke, and myocardial infarction in all vaccine platforms (Fig. 2).
Among persons receiving BNT162b2 vaccine, the IRRs showed a
slight elevation in the risk of venous thromboembolism, arrhyth-
mia, and convulsion/seizure. In the analysis by vaccine dose, a sig-
nificant association for venous thromboembolism was observed
following the first dose (IRR 1.34; 95% CI 1.07, 1.67) whereas the
risk of convulsion/seizure was significant after the second dose
(IRR 1.39; 95% CI 1.12, 1.72) of BNT162b2 vaccine (Table 3). Overall
estimates showed no association between CoronaVac vaccine and
all outcomes, except arrhythmia. When the analysis was con-
ducted by vaccine dose number, the risk appears to be slightly
increased for myocardial infarction (IRR 1.16; 95% CI 1.02, 1.32),
arrhythmia (IRR 1.18; 95% CI 1.02, 1.37), and haemorrhagic stroke
(IRR 1.31; 95% CI 1.02, 1.68) after the first dose of CoronaVac vac-
cine. ChAdOx1 vaccine showed a significant association for several
outcome events including thrombocytopenia and venous throm-
boembolism, but the number of events was smaller in this group
resulting in a wider confidence interval.
3.4. Subgroup analyses by age group and sex and sensitivity analysis

The IRR estimates for subgroup analyses by age and sex are
shown in Supplement 7. Stratification by sex showed the risk of
venous thromboembolism and arrhythmia among BNT162b2 and
CoronaVac recipients were higher in males. On the other hand,
the risk of ischaemic stroke was significant among female Corona-
Vac recipients. Age effect was observed where patients
aged � 60 years have a higher risk of stroke, arrhythmia, and con-
vulsion/seizure than their younger counterparts. No significant
association was observed for any outcome among patients younger
than 60 years old.

In a sensitivity analysis, cases of fatal admissions were
excluded. Results of this additional analysis were consistent with
those of the main findings which suggest a minimal bias for event
dependent observation period (data not shown).
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4. Discussion

This analysis of a population-based study covering over 20 mil-
lion vaccinated individuals in Malaysia shows the risk of hospital-
isation for predefined diagnoses among those vaccinated with
BNT162b2, CoronaVac, and ChAdOx1 vaccines. We found that
majority of events that occurred post-exposure were largely con-
centrated during the first three weeks after vaccination. We evalu-
ated the relative risk of outcome events in 21 days following
vaccination compared to the control period and found no signifi-
cant increased risk for most events. Despite the statistically signif-
icant association for several events after vaccination, the point
estimate of incidence rate ratios and lower limit of the 95% confi-
dence interval were close to 1. The absolute number of events was
low in all three vaccines.

We did not find a significant association between COVID-19
vaccination and cardiovascular complications, except arrhythmia.
Cases of increased or irregular heart rate could be a physiological
or stress-related response to vaccination [12,13] which could
explain the findings where most events occurred during 1–7 days
after vaccination. Arrhythmia could also be triggered by a myocar-
dial injury and is not an uncommon occurrence in myocarditis or
pericarditis [14,15]. Although no study has found an association
between arrhythmia and COVID-19 vaccines, our findings suggest
that arrhythmia following vaccination in our population is an AESI
of concern. We also observed a small increased risk of venous
thromboembolism after BNT162b2 and ChAdOx1 vaccination
while the higher risk of thrombocytopenia was significant for ChA-
dOx1 vaccine. Although the elevated risk of these events indicates
potential association with the vaccines, the low absolute number
of events, especially within ChAdOx1 has to be noted and the sig-
nificant association in the main and subgroup analyses comes with
a broad confidence interval.

Our results are consistent with and extend the findings of prior
studies on the risk of serious adverse events following COVID-19
vaccination [11,16,17]. Vaccine-induced immune thrombotic
thrombocytopenia (VITT) is one of the rare, serious events reported



Table 1
Characteristics of events that occurred in 21 days after either dose of COVID-19 vaccine among vaccinated population in Malaysia from 1 February 2021 to 30 September 2021.

Thrombo
cytopenia

Venous
thrombo
embolism

Myocardial
infarction

Myocarditis /
pericarditis

Arrhythmia Stroke,
ischaemic

Stroke
haemorrhagic

Bell’s
Palsy

Convulsion /
seizure

Total event 206 307 1495 25 1375 1840 401 53 401
Dose 1 104 (50.5) 187 (60.9) 799 (53.4) 18 (72.0) 758 (55.1) 1005 (54.6) 236 (58.9) 33

(62.3)
218 (54.4)

Dose 2 102 (49.5) 120 (39.1) 696 (46.6) 7 (28.0) 617 (44.9) 835 (45.4) 165 (41.1) 20
(37.7)

183 (45.6)

Died – – 3 (0.2) – – 3 (0.2) 2 (0.5) – –
Vaccine platform
BNT162b2 130 (63.1) 166 (54.1) 796 (53.2) 14 (56.0) 834 (60.7) 1006 (54.7) 199 (49.6) 27

(50.9)
227 (56.6)

CoronaVac 64 (31.1) 122 (39.7) 644 (43.1) 9 (36.0) 485 (35.3) 768 (41.7) 186 (46.4) 21
(39.6)

153 (38.2)

ChAdOx1 12 (5.8) 18 (5.9) 55 (3.7) 2 (8.0) 53 (3.9) 64 (3.5) 14 (3.5) 5 (9.4) 21 (5.2)
Others – 1 (0.3) – – 3 (0.2) 2 (0.1) 2 (0.5) – –
Male 116 (56.3) 170 (55.4) 1121 (75.0) 15 (60.0) 731 (52.8) 1096 (59.6) 247 (61.6) 27

(50.9)
229 (57.1)

Age (years)
Mean (SD) 57.5

(16.7)
56.6 (15.2) 60.3 (12.7) 43.6 (15.2) 62.8 (16.6) 63.6 (12.6) 59.9 (16.4) 50.1

(15.2)
50.6 (18.4)

18–39 40 (19.4) 52 (16.9) 97 (6.5) 11 (44.0) 176 (12.7) 75 (4.1) 48 (12.0) 15
(28.3)

142 (35.4)

40–59 63 (30.6) 110 (35.8) 589 (39.4) 10 (40.0) 287 (20.7) 577 (31.4) 130 (32.4) 20
(37.7)

115 (28.7)

60+ 103 (50.0) 145 (47.2) 809 (54.1) 4 (16.0) 921 (66.5) 1188 (64.6) 222 (55.4) 18
(34.0)

144 (35.9)

Ethnicity
Malay 128 (62.1) 208 (67.8) 887 (59.3) 11 (44.0) 814 (58.8) 1070 (58.2) 228 (56.9) 29

(54.7)
245 (61.1)

Chinese 33 (16.0) 40 (13.0) 258 (17.3) 5 (20.0) 350 (25.3) 452 (24.6) 100 (24.9) 16
(30.2)

70 (17.5)

Indian 16 (7.8) 20 (6.5) 186 (12.4) 4 (16.0) 69 (5.0) 140 (7.6) 16 (4.0) 5 (9.4) 40 (10.0)
Others 29 (14.1) 35 (11.4) 137 (9.2) 5 (20.0) 143 (10.3) 157 (8.5) 50 (12.5) 2 (3.8) 41 (10.2)
Non-Malaysian – 3 (1.0) 27 (1.8) – 7 (0.5) 18 (1.0) 7 (1.7) 1 (1.9) 4 (1.0)
Comorbidities
Hypertension 90 (43.7) 129 (42.0) 759 (50.8) 4 (16.0) 735 (53.1) 1025 (55.7) 182 (45.4) 18

(34.0)
119 (29.7)

Diabetes 56 (27.2) 91 (29.6) 556 (37.2) 4 (16.0) 426 (30.8) 721 (39.2) 94 (23.4) 15
(28.3)

73 (18.2)

Heart disease 17 (8.3) 19 (6.2) 268 (17.9) 3 (12.0) 293 (21.2) 186 (10.1) 30 (7.5) 5 (9.4) 23 (5.7)
Dyslipidaemia – – – – – – 1 (0.2) – 1 (0.2)

Data are presented as n (%) except otherwise stated. Abbreviation: SD, standard deviation. Numbers may not add up to the total due to the missing value.
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after COVID-19 vaccination which was more common with ChA-
dOx1 than with other COVID-19 vaccines [18,19]. A recent study
from England based on clinically validated cases from hospitals
estimated the risk of thrombosis with thrombocytopenia syn-
drome after ChAdOx1 vaccination was higher in 18 to 39 years
old than in the older population, highlighting the difference in risk
between different age groups [20]. In our study, the absolute event
rate for thrombosis and thrombocytopenia cases was lower than
those observed in other countries [16,21,22]. Increased risk of
myocarditis following receipt of mRNA COVID-19 vaccines has
been described in several studies [23–25]. We did not observe
the elevated risk of myocarditis/pericarditis for the population in
Malaysia vaccinated with BNT162b2 during the study period and
the number of events was too small for meaningful comparison
by subgroup. Information to date indicates that these events occur
more commonly in male, adolescent/young adults following mRNA
vaccination [26]. The present analysis covers the period when vac-
cination for adolescents in Malaysia was just initiated (September
2021) and during this early period, there was no record of hospital-
isation for the outcome events among the adolescent group. In
terms of neurological complications, there were mixed findings
on the association with COVID-19 vaccines. Previous study from
the UK observed an increased risk of Bell’s Palsy and Guillain-
Barre syndrome following ChAdOx1 vaccination [27] while a study
4398
from Hong Kong reported risk of Bell’s Palsy linked to CoronaVac
vaccine [28]. Li et al. conducted a population-based study in the
United Kingdom and Spain [29] and did not find safety signal for
the risk of neurological events among those vaccinated with
BNT162b2 and ChAdOx1 vaccine. Our findings are in line with
the latter study, with no elevated risk of Bell’s Palsy or Guillain-
Barre syndrome seen for either BNT162b2, ChAdOx1, or Corona-
Vac. Compared to other vaccines, there was less information avail-
able on real-world data of AESIs among CoronaVac recipients. Our
study further showed that the risk for most AESIs was found to be
not significantly increased in those receiving CoronaVac. There was
a slight elevation in the risk of myocardial infarction and ischaemic
stroke after CoronaVac vaccination when the analysis was con-
ducted by dose and sex-specific, which was not observed with
other vaccines. Yet, this result must be interpreted cautiously since
subgroup analyses lack power, and evidence on serious events with
CoronaVac vaccination are still accruing for comparison on the
magnitude of risk.

Although many cardiovascular and cerebrovascular events were
reported following vaccination, a causality assessment needs to be
conducted to confirm the associations because these events are
prevalent among the population in Malaysia. Myocardial infarction
and ischaemic stroke are the top leading cause of death in Malaysia
for over a decade where on average, 90 to 100 hospital admissions



Table 2
Absolute rate of outcome events within 21 days of COVID-19 vaccination by vaccine
type.

BNT162b2 CoronaVac ChAdOx1

Thrombocytopenia
No. of events 130 64 12
Event rate per 1 million doses

administered
8.45 3.76 4.37

Event rate per 1 million vaccinated
persons

14.88 6.83 6.10

Venous thromboembolism
No. of events 166 122 18
Event rate per 1 million doses

administered
10.79 7.16 6.56

Event rate per 1 million vaccinated
persons

19.00 13.02 9.14

Myocardial infarction
No. of events 796 644 55
Event rate per 1 million doses

administered
51.73 37.82 20.04

Event rate per 1 million vaccinated
persons

91.12 68.73 27.94

Myocarditis/pericarditis
No. of events 14 9 2
Event rate per 1 million doses

administered
0.91 0.53 0.73

Event rate per 1 million vaccinated
persons

1.60 0.96 1.02

Arrhythmia
No. of events 834 485 53
Event rate per 1 million doses

administered
54.20 28.48 19.31

Event rate per 1 million vaccinated
persons

95.47 51.76 26.92

Stroke, ischaemic
No. of events 1006 768 64
Event rate per 1 million doses

administered
65.38 45.10 23.32

Event rate per 1 million vaccinated
persons

115.16 81.96 32.51

Stroke, haemorrhagic
No. of events 199 186 14
Event rate per 1 million doses

administered
12.93 10.92 5.10

Event rate per 1 million vaccinated
persons

22.78 19.85 7.11

Bell’s Palsy
No. of events 27 21 5
Event rate per 1 million doses

administered
1.75 1.23 1.82

Event rate per 1 million vaccinated
persons

3.09 2.24 2.54

Convulsion/seizure
No. of events 227 153 21
Event rate per 1 million doses

administered
14.75 8.98 7.65

Event rate per 1 million vaccinated
persons

25.99 16.33 10.67

Denominator is total vaccine doses administered and total individuals vaccinated
up to 31 August 2021.
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occurred each day due to these events [30,31]. Despite including
incidence cases in the analysis, the study cohort still comprised
patients with other risk factors and comorbidities which could lead
to the development of events regardless of vaccination status. The
risk of events can also be attributed to the population selected for
vaccination. The elderly and high-risk populations were prioritised
for vaccination and some events such as cardiovascular complica-
tions are more commonly seen in these populations. Due to the
opt-in policy for ChAdOx1 vaccination in Malaysia, this group
include those of younger age categories. This is unlike other coun-
tries that limit the use of ChAdOx1 in the older age group amid
safety concerns that are more prevalent in the younger population
[32]. Therefore, the population vaccinated with ChAdOx1 is consid-
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ered to be ‘‘healthier” than those who received other vaccines since
individuals without health concerns are more likely to sign up for
this cohort. Moreover, there were substantially fewer second doses
of ChAdOx1 vaccines given during the study period due to the
longer dose interval of 9–12 weeks for the administration of the
second dose according to the policy and recommendation adopted
in Malaysia [33].

Based on the distribution of event occurrence over time, our
finding suggests that the 3-week time period following vaccination
is a crucial period for monitoring AESI and any event that occurs
during this period warrants further investigation on the potential
association to vaccines. Nevertheless, events presented later
should not be disregarded since both short- and long-term risks
need to be assessed. In studies evaluating the association between
AESI and COVID-19 vaccines, the period considered at risk ranged
between 21 and 28 days after vaccination with at least 3 months
duration for the overall surveillance period [16,17,22,34]. The
length of time for monitoring AESI after vaccination should have
a sufficient duration of follow-up to include events that occur at
different time points relative to vaccine exposure to detect any
important risk [5,35].

4.1. Strength and limitations

To the best of our knowledge, this is one of the few large
population-based studies that provide evidence of risk estimate
for serious adverse events after vaccination in the population
between the three different vaccine platforms. Our study addresses
the limitation of data capture via a passive surveillance system by
including a longer follow-up period to monitor outcome occur-
rence among vaccinated populations and identify the potential
association with the vaccine. Furthermore, ascertainment of hospi-
talisations and vaccination status was conducted independently
which allow us to capture more events and we utilised the SCCS
design to provide estimates of risk on both relative scale (incidence
rate ratios) and absolute scale (rate per million vaccinated per-
sons). The SCCS design is an established method in vaccine safety
study that uses within-person comparison to control all constant
confounding factors during the study period. We also adjusted
for the calendar period to account for potential temporal con-
founding. In this study, we provide additional context on a range
of outcomes among CoronaVac vaccinees, which has not been fre-
quently reported in large observational studies so far.

There are several limitations in this study that we acknowledge.
We used secondary databases of the vaccinated and hospitalised;
hence we cannot completely rule out misclassification bias and
unmeasured confounding. We used hospitalisations as the study
outcomes which captures events of a more serious nature that
are admitted to hospitals for diagnosis or treatment. It is possible
that some people who have had vaccination and developed the
event were not hospitalised or died before being admitted. Ascer-
tainment of outcomes was based on diagnosis codes, which might
overestimate the risk without including other parameters to define
the case; for instance, diagnosis of VITT and myocarditis are usu-
ally accompanied by laboratory parameters. Lastly, some of the
predefined outcome events are rare, resulting in limited statistical
power and wide confidence interval. Larger study cohorts and
additional data over extended period of time will be useful for
more detailed analysis.

4.2. Policy implications

Compared with the total number of vaccine doses given, our
findings show that the incidence of all serious events are relatively
low. There was an overall increased risk of certain events within
the 21 days after vaccination compared to the control period, but



Fig. 2. Incidence rate ratios and 95% confidence intervals of outcome events in the 21-day risk period after either dose of BNT162b2, CoronaVac, and ChAdOx1 vaccines
compared with outcome events in the control period, adjusted for calendar month between 1 February 2021 to 30 September 2021. Abbreviation: NA, not available.
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the weak association requires further consideration of the clinical
importance of the results. Given that COVID-19 remain prevalent
and the vaccines provide nearly 90% protection against infection,
the benefits of vaccination still far outweigh the risks [36]. Further-
more, studies have demonstrated that the risk of serious events
associated with the COVID-19 infection itself was higher than the
risk from vaccination [16,23,27]. Although the estimated risks of
these serious adverse events in our population might be higher
or lower than those reported in other countries, these initial find-
ings provide valuable information that could help to inform clinical
decision making and policymakers, especially in the risk-benefit
assessments and subsequent immunisation plan.
5. Conclusion

Overall, the study demonstrates the safety of COVID-19 vacci-
nes concerning the study outcomes among recipients of BNT162b2,
CoronaVac, and ChAdOx1 vaccines. Our findings suggest that seri-
ous events of concern within our population include thrombocy-
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topenia, venous thromboembolism, convulsion/seizure, and
arrhythmia, although the numbers were relatively small and fur-
ther exploration of the causal link with vaccination is warranted.
More importantly, the overall benefits of COVID-19 vaccines out-
weigh the potential risks and this information needs to be inter-
preted in conjunction with vaccine effectiveness data for risk-
benefit analysis of the vaccination program. Ongoing monitoring
of COVID-19 vaccine safety is required and the information will
be regularly updated as more data accumulate to assess short-
and long-term complications with vaccination.
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Table 3
Incidence rate ratios of outcome events in the 21-day risk period after COVID-19 vaccination by vaccine type and dose number, adjusted for calendar month between 1 February
2021 to 30 September 2021.

Dose 1 Dose 2

No. of events Incidence
rate ratio
(95% CI)

No. of events Incidence
rate ratio
(95% CI)

Thrombocytopenia
BNT162b2 66 1.09 (0.83, 1.43) 64 1.29 (0.98, 1.70)
CoronaVac 28 0.68 (0.44, 1.05) 36 1.09 (0.73, 1.62)
ChAdOx1 10 2.58 (1.13, 5.90) 2 3.44 (0.64, 18.6)
Venous thromboembolism
BNT162b2 103 1.34 (1.07, 1.67) 63 1.09 (0.83, 1.44)
CoronaVac 68 0.94 (0.71, 1.26) 54 0.89 (0.65, 1.22)
ChAdOx1 15 2.52 (1.30, 4.92) 3 1.24 (0.33, 4.66)
Myocardial infarction
BNT162b2 409 0.97 (0.87, 1.08) 387 1.08 (0.97, 1.21)
CoronaVac 356 1.16 (1.02, 1.32) 288 1.06 (0.92, 1.23)
ChAdOx1 34 1.02 (0.69, 1.51) 21 1.58 (0.93, 2.67)
Myocarditis/pericarditis
BNT162b2 9 1.52 (0.67, 3.46) 5 1.13 (0.41, 3.09)
CoronaVac 7 1.97 (0.57, 6.74) 2 0.67 (0.12, 3.83)
ChAdOx1 2 ** – –
Arrhythmia
BNT162b2 437 1.12 (1.01, 1.25) 397 1.19 (1.07, 1.33)
CoronaVac 276 1.18 (1.02, 1.37) 209 1.10 (0.93, 1.29)
ChAdOx1 42 1.51 (1.03, 2.23) 11 0.96 (0.49, 1.90)
Stroke, ischaemic
BNT162b2 535 1.05 (0.95, 1.15) 471 1.11 (1.00, 1.23)
CoronaVac 421 1.05 (0.93, 1.18) 347 1.07 (0.94, 1.22)
ChAdOx1 47 1.14 (0.80, 1.63) 17 1.01 (0.58, 1.76)
Stroke, haemorrhagic
BNT162b2 119 1.29 (1.05, 1.59) 80 1.05 (0.82, 1.34)
CoronaVac 105 1.31 (1.02, 1.68) 81 1.16 (0.89, 1.52)
ChAdOx1 11 1.32 (0.63, 2.79) 3 1.80 (0.47, 6.94)
Bell’s Palsy
BNT162b2 17 1.32 (0.77, 2.24) 10 0.88 (0.45, 1.73)
CoronaVac 12 1.06 (0.52, 2.18) 9 0.87 (0.40, 1.92)
ChAdOx1 4 2.88 (0.74, 11.2) 1 1.09 (0.10, 12.4)
Convulsion/seizure
BNT162b2 116 1.15 (0.94, 1.42) 111 1.39 (1.12, 1.72)
CoronaVac 83 1.12 (0.86, 1.47) 70 1.17 (0.87, 1.57)
ChAdOx1 19 1.55 (0.88, 2.75) 2 0.85 (0.18, 3.94)

** Values are suppressed for total event <5. Rate ratio estimates for comparison with control period of day 22 after the last vaccine dose until 30 September 2021 (post
vaccination control) and from 1 February 2021 until 15 days before vaccination (pre-vaccination control). Day of vaccination (day 0) and 14 days before vaccination (pre-risk
period) were included as separate risk periods. Abbreviations: CI, confidence interval; n, number of events in the risk period.
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