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Abstract

Introduction In February 2021, New Zealand began its largest ever immunisation programme with the BNT162b2 mRNA
coronavirus disease 2019 (COVID-19) vaccine.

Objective We aimed to understand the association between 12 adverse events of special interest (AESIs) and a primary dose
of BNT162b2 in the New Zealand population aged >5 years from 19 February 2021 through 10 February 2022.

Methods Using national electronic health records, the observed rates of AESIs within a risk period (1-21 days) following
vaccination were compared with the expected rates based on background data (2014-2019). Standardised incidence ratios
(SIRs) were estimated for each AESI with 95% confidence intervals (Cls) using age group-specific background rates. The
risk difference was calculated to estimate the excess or reduced number of events per 100,000 persons vaccinated in the risk
period.

Results As of 10 February 2022, 4,277,163 first doses and 4,114,364 second doses of BNT162b2 had been administered to
the eligible New Zealand population aged >5 years. The SIRs for 11 of the 12 selected AESIs were not statistically signifi-
cantly increased post vaccination. The SIR (95% CI) for myo/pericarditis following the first dose was 2.3 (1.8-2.7), with a
risk difference (95% CI) of 1.3 (0.9-1.8), per 100,000 persons vaccinated, and 4.0 (3.4—4.6), with a risk difference of 3.1
(2.5-3.7), per 100,000 persons vaccinated following the second dose. The highest SIR was 25.6 (15.5-37.5) in the 5-19 years
age group, following the second dose of the vaccine, with an estimated five additional myo/pericarditis cases per 100,000
persons vaccinated. A statistically significant increased SIR of single organ cutaneous vasculitis (SOCV) was also observed
following the first dose of BNT162b2 in the 20-39 years age group only.

Conclusions A statistically significant association between BNT162b2 vaccination and myo/pericarditis was observed. This
association has been confirmed internationally. BNT162b2 was not found to be associated with the other AESIs investigated,
except for SOCV following the first dose of BNT162b2 in the 20-39 years age group only, providing reassurances around
the safety of the vaccine.
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This population-based study of over 4 million vaccinated
persons in New Zealand aged 5 years or older identified
a statistically significant association between BNT162b2
and myo/pericarditis in the 21 days following both doses
of the vaccine. We found no other statistically significant
associations between BNT162b2 and any of the other
outcomes of interest for all ages combined.

Given the concern from the public, health care pro-
fessionals and regulators around the safety profile of
BNT162b2, this study provides important vaccine safety
information not only for building public confidence,

as the vaccination was not associated with most of the
AESIs investigated, but also for evidence-based health
policy decisions.

The associations produced by this study are considered
statistical signals that indicate the need for additional
analytic investigation and validation.

1 Introduction

New Zealand’s national coronavirus disease 2019 (COVID-
19) vaccine and immunisation programme began vaccinations
in February 2021 using the two-dose BNT162b2 messenger
RNA (mRNA) COVID-19 vaccine (Pfizer-BioNTech, referred
to as the BNT162b2 vaccine hereafter) [1]. The BNT162b2
vaccine demonstrated acceptable efficacy and safety in phase
III clinical trials [2] and received provisional approval for use
in adults aged 16 years and older from Medsafe, New Zea-
land’s Medicines and Medical Devices Safety Authority, on
3 February 2021 [3]. This provisional approval was renewed
on 28 October 2021, with additional conditions for use in
adolescents aged 12 years and older [4]. Provisional consent
of a paediatric formulation of the BNT162b2 vaccine for use
in children aged 5-11 years was also granted by Medsafe on
16 December 2021 [5]. However, rare and potentially seri-
ous adverse events following immunisation (AEFI) are often
impossible to detect in clinical trials due to limited sample
size, narrow patient selection criteria, and constraints on
the duration of the study [6]. Indeed, although no cases of
myocarditis or pericarditis were reported during the Pfizer-
BioNTech phase III clinical trials [2], these events were iden-
tified as rare adverse reactions to the BNT162b2 vaccine in
postmarketing studies [7—13]. As a result, both myocarditis
and pericarditis were included in the New Zealand product
information by the sponsor, Pfizer-BioNTech, in July 2021 at
the request of Medsafe [14].
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Continued robust postmarketing vaccine safety sur-
veillance is crucial to detect rare and unexpected vaccine
reactions in a timely manner and provides information for
risk—benefit assessments that can inform health policy
decisions. This helps minimise the risks associated with
serious adverse reactions and ensures that accurate and
credible information regarding adverse effects is commu-
nicated outwardly to maintain public confidence and trust
[15]. In New Zealand, the safety of BNT162b2 was moni-
tored predominantly through a spontaneous reporting (pas-
sive) system by Medsafe, in collaboration with the Centre
for Adverse Reactions Monitoring (CARM), with sup-
port from the COVID-19 Vaccine and Immunisation Pro-
gramme within the Ministry of Health New Zealand [16].
This system relies on reports being voluntarily submitted
by health care professionals and the public. Although it
is effective at signal detection, it can be subject to several
limitations, namely underreporting, incomplete reports,
limited information on cases, and reporting biases. Fur-
thermore, it is difficult to accurately estimate the incidence
rate and attributable risk of adverse events in a defined
population using this system [17].

To address some of these shortcomings, the COVID-19
Vaccine and Immunisation Programme, in collaboration with
Medsafe, established an active surveillance system to moni-
tor the BNT162b2 vaccine in a real-world setting. Unlike
spontaneous reporting, the active system is not contingent
upon voluntary reports and instead uses electronic health
records (EHRSs) to assess the risk of prespecified adverse
events of special interest (AESIs) [15] following vaccination
compared with a non-vaccinated group, i.e. historical back-
ground rate data. This includes linking all national COVID-
19 vaccination data to public hospitalisation records. As of
10 February 2022, approximately 95% of the eligible New
Zealand population aged 12 years and above, and 43% of
children aged 5-11 years have received at least one dose
of the adult or paediatric BNT162b2 vaccine, respectively.
The high vaccination coverage ensures representation across
the entire population, including main ethnic groups. This is
important as New Zealand has a unique demographic, con-
sisting of three main minority ethnic groups, Maori (indig-
enous New Zealanders), Pacific people (Pacific Islanders
living in New Zealand), and Asian, alongside the majority
group, New Zealand Europeans [18]. These minority groups,
particularly Maori, are often not included in international
clinical trials or postmarketing studies.

New Zealand has also been in a unique position globally
during the pandemic. The implementation of strict public
health measures such as imposed lockdowns and border
controls led to the successful elimination of COVID-19
transmission for sustained periods from May 2020 [19].
This coupled with the high vaccination coverage achieved,
provides an ideal setting to carry out pharmacovigilance
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of the vaccine as high rates of undetected COVID-19 seen
in many countries during the pandemic can confound vac-
cine safety studies, especially as many of the adverse events
observed following immunisation are also associated with
infection. We therefore aimed to calculate the incidence and
excess risk of several AESIs for COVID-19 vaccines follow-
ing BNT162b2 vaccination in a largely COVID-19 naive
New Zealand population.

2 Methods
2.1 Study Design and Setting

We used a retrospective historical comparative cohort design
to compare the incidence rates of each outcome of interest
within a defined risk period (1-21 days) following adminis-
tration of the BNT162b2 vaccine to the expected rate based
on background incidence rates from a pre-vaccination period
(2014-2019). Also known as observed versus expected analy-
sis, this method is commonly used for vaccine safety signal
detection [20]. The study period was from 19 February 2021
(start of the COVID-19 vaccine rollout) through 10 February
2022 (before the widespread community outbreak of Omicron
COVID-19 in New Zealand).

In New Zealand, all citizens (including Cook Islands,
Niue, or Tokelau), residents, or individuals with a work
visa that is valid for 2 years or more, are eligible for pub-
licly funded health and disability services, including free
inpatient and outpatient public hospital services [21]. The
BNT162b2 vaccine is also freely available to all eligible
individuals in New Zealand (as of 10 February 2022, this
referred to individuals aged 5 years and above), regard-
less of eligibility to public health and disability services.
Outcomes of interest were identified from the National
Minimum Data Set (NMDS), a national collection of all
public hospitalisations, including coded clinical data for
inpatients and day patients [22]. A National Health Index
(NHI) number is provided to each person who uses these
services. The NHI number was used to link the hospitalisa-
tion information with the BNT162b2 vaccination records
in the national COVID Immunisation Register (CIR), a
database of all COVID-19 vaccination information in New
Zealand [23]. A de-identified linked dataset was prepared
by the Ministry of Health New Zealand for this study. The
Pandemic Minimum Dataset, which registers all reported
COVID-19 polymerase chain reaction (PCR) and rapid
antigen tests, was used to check if an individual tested
positive for severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection. During the study period, the
PCR test was the predominant form of COVID-19 testing
in New Zealand. Rapid antigen tests were made widely
available by the government in early March 2022 [24]. The

Health Service User (HSU) population was used to esti-
mate the New Zealand population eligible for COVID-19
vaccination in New Zealand.

2.2 Study Population

The study population comprised of individuals aged 5
years or older who received a primary dose of the adult
[4] and paediatric [5] formulation of the BNT162b2 vac-
cine. All individuals who received a dose of the BNT162b2
vaccine from an authorised health care professional in New
Zealand are captured in the CIR [23]. As of 10 February
2022, the recommended dosing interval between the two
primary doses in New Zealand was 21 days [25]. Individu-
als who received a second dose within 21 days of their
first dose were excluded to separate the effect of the doses
and ensure there was no overlap of risk periods. We also
excluded all individuals who tested positive for COVID-19,
received a COVID-19 vaccine overseas, or received a dif-
ferent COVID-19 vaccine during the study period. For each
of the first and second dose cohorts, an individual was fol-
lowed from the day after their vaccination date (day 0) until
the earliest of one of the following dates: the end of their
follow-up period (21 days), date of AESI onset (specific
for each AESI), end of the monitoring period (10 Febru-
ary 2022), or with the occurrence of a death. In addition
to death, loss of follow-up could occur if an individual left
New Zealand following their BNT162b vaccination. Due
to the strict border controls [19] in place during the study
period and the small number of individuals leaving the
country at the time as a result [26], this was not accounted
for in the study population. Furthermore, we used date of
occurrence to identify hospitalisation and immunisation
events. Events that occurred on the same date as vaccina-
tion (day 0) were not included to avoid counting events that
occurred prior to vaccination.

2.2.1 Historical Comparison Group

A historical comparison group was identified from the SAFE
background rate study for COVID-19 AESIs in New Zealand
[27]. This retrospective, multi-database cohort study esti-
mated the incidence per 100,000 persons per year of several
predefined AESIs associated with COVID-19 vaccines in
the New Zealand population for each year from 2008 (start
of International Classification of Diseases, Tenth Revision
[ICD-10] coding) through to 2019 (preceding the start of the
COVID-19 pandemic). The prespecified AESIs were iden-
tified from the Safety Platform for Emergency vACcines
(SPEAC) project [28]. The New Zealand public hospitali-
sation dataset, the NMDS, was used to obtain the number of
events (numerator) for each AESI, and events were identified
using the International Statistical Classification of Diseases
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and Related Health Problems, 10th Revision, Australian
Modification (ICD-10-AM) Eleventh Edition diagnosis
codes. The Stats NZ Integrated Data Infrastructure (IDI)
was used to estimate population denominators for each year
(2008-2019).

The SAFE protocol was designed in close alignment with
the vACcine covid-19 monitoring readinESS (ACCESS)
protocol for Background Rate of AESIs for monitoring
COVID-19 vaccines [29]. The incidence rates for each
AESI were calculated with 95% confidence intervals (CIs)
and stratified by calendar year, 20-year age groups (0-19,
20-39, 40-59, 60-79, >80 years), sex, ethnicity, depriva-
tion, and region over the study period. For each AESI, an
outcome event was defined as the first hospitalisation event
(or condition) for an individual in the whole defined study
period (2008-2019). The background incidence rates were
not stratified by more than one factor, e.g. sex was not strati-
fied by age, ethnicity was not stratified by sex, etc. Due to
significant changes to ICD-10-AM coding practices imple-
mented in 2014 [30], we only included the incidence rates
of AESIs from 2014 through 2019 for comparison with our
study period from 2021 through 2022.

2.3 Outcomes: Adverse Events of Special Interest

Twelve AESIs for COVID-19 vaccines were analysed: acute
kidney injury (AKI), acute liver injury, Guillain—-Barré
syndrome (GBS), erythema multiforme, herpes zoster,
single organ cutaneous vasculitis (SOCV), myo/pericardi-
tis (includes all events coded as myocarditis, pericarditis
and myopericarditis), arterial thrombosis, cerebral venous
thrombosis (CVT), splanchnic thrombosis, venous thrombo-
embolism (VTE; including deep vein thrombosis and pulmo-
nary embolism) and thrombocytopenia. We identified these
AESIs and corresponding ICD-10-AM diagnosis codes from
the SAFE background rate study [27]. To further align with
the SAFE background rate study, we defined an outcome
event as the first hospitalisation event (or condition) to occur
for an individual in the New Zealand public hospitalisation
database, the NMDS, since 2008.

Clinical record assessment was also conducted as part
of the SAFE background rate study to validate the accuracy
(positive predictive value [PPV]) of the ICD-10-AM codes
used to identify the AESIs [27]. As part of the AESI selec-
tion process, we omitted an AESI from our study if the codes
used to identify a condition had a low PPV (approximately
<50%), if it was not typically diagnosed in the hospital set-
ting (e.g., Bell’s Palsy), if it contained the same ICD-10
codes used to identify other AESIs (e.g., idiopathic throm-
bocytopenia contains the same codes as thrombocytopenia),
if it contained diagnosis codes relating to pregnancy and/or
newborns, and following consultation with Medsafe. There
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is no ICD-10-AM code for myopericarditis, and as such, we
combined the ICD-10-AM codes used to identify cases of
myocarditis and pericarditis to capture cases of myoperi-
carditis. We also combined the ICD-10-AM codes relating
to pulmonary embolism and deep vein thrombosis to cap-
ture cases of VTE, as a new ICD-10-AM code for deep vein
thrombosis was only developed in the ICD-10-AM Eleventh
Edition implemented in July 2019 [23]. The full table of
ICD-10-AM codes used are presented in electronic supple-
mentary material (ESM) Table S1.

2.4 Exposures

We classified an individual as exposed after receiving a first
or second dose primary course of the adult or paediatric
BNT162b2 vaccine within the prespecified risk period (1-21
days) during the study period. The risk period for all events
was set as 1-21 days, which is in line with the approved
3-week interval between the two primary doses [25] and
other COVID-19 vaccine safety studies [31].

2.5 Statistical Analysis

We compared the observed incidence rates of each
AESI during the 21 days following vaccination with the
expected incidence rates using the combined historical
background rate data from 2014 through 2019 from the
SAFE background rate study [27]. To calculate the com-
bined background rates, we summed the number of de novo
events for each AESI from 2014 through 2019 and divided
this by the sum of the population from 2014 through 2019.
We obtained the observed incidence rate of each AESI
from the number of de novo events that occurred in the risk
period (1-21 days) following both doses of the vaccine in
the vaccinated cohorts. We defined a de novo event as an
event that occurred in an individual for the first time since
2008 to align with the SAFE background rate study. If there
were multiple hospital admissions of the same AESI for an
individual in the risk period, the event recorded closest to
vaccination was included. If an individual was admitted to
hospital with several different AESIs over the study period,
they were included in the observed counts for each separate
AESI.

For each 20-year age group, we calculated the expected
incidence rate of each AESI by dividing the background
incidence rate of each AESI (expressed per 100,000 per-
sons per year) by 365.25 and 100,000 to obtain the rate per
person per day, and then by multiplying by person time at
risk [20]. We used indirect standardisation [32] to calculate
the age-specific standardised incidence ratio (SIR) for each
20-year age group to better understand the effect of age.
Indirect standardisation was used to account for differences
in the age structure between the vaccinated and historical
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comparison populations [33]. We estimated the SIRs for
each AESI by dividing the sum of all observed events by
the sum of all expected events. Corresponding 95% Cls were
calculated using the parametric percentile bootstrap method
[34] based on 100,000 draws to account for variation in the
observed and expected incidence rates. The observed and
expected incidence were treated as Poisson and normal ran-
dom variables, respectively. An SIR above one indicates that
the observed incidence rate for a particular AESI is greater
than the expected incidence rate for that AESI in the popu-
lation. This is statistically significant if the lower bound of
the CI for the SIR is >1 and indicates a statistical signal for
a given vaccine cohort.

In addition, we calculated the indirect standardised risk
difference to estimate the excess or reduced number of hos-
pitalisation events within the 21 days following vaccination,
per 100,000 persons, for each age group as well as for all
ages combined. This was estimated by calculating the dif-
ference between the observed and expected events by the
person time at risk and adjusting the rate to be per 100,000
persons per 21 days. Analyses were performed using R soft-
ware version 4.1.0 (The R Foundation for Statistical Com-
puting, Vienna, Austria) [35].

2.6 Ethics Approval

The study did not require informed consent of individual
participants as we used a de-identified dataset and received
an exemption from the Health and Disability Ethics Com-
mittee (HDEC) of New Zealand (Reference # 2022 OOS
11950).

3 Results
3.1 Study Population

From 19 February 2021 through 10 February 2022, within a
population of 4,685,351 individuals aged 5 years and above
and eligible for COVID-19 vaccination in New Zealand,
4,277,163 and 4,114,364 individuals were included in the
vaccinated cohorts who received a first and second dose of
the BNT162b2 vaccine (adult and paediatric formulations),
respectively. During the study period, 13,597 individuals
tested positive for COVID-19 and were excluded from the
vaccinated cohorts.

The demographics of the study participants, including
the historical comparison cohort (2014-2019) and the vac-
cinated cohorts (first and second dose recipients) are shown
in Table 1. The proportion of females included was 50.5%,
50.5% and 50.6% in the historical comparison group and first
and second dose vaccinated cohorts, respectively. New Zea-
land European was the predominant ethnic group across the

historical comparison (62.7%) and first (63.0%) and second
(63.6%) dose vaccinated cohorts. The proportion of Maori
participants in the historical comparison cohort (16.2%) was
greater than that in the first (13.2%) and second (12.7%) dose
vaccinated cohorts. Conversely, there was a greater number
of Asian participants in the vaccinated cohorts (both 16.2%)
compared with the comparison cohort (13.8%).

The highest proportion of participants were in the
20-39 years age group, with 27.2%, 30.3% and 31.0% in the
historical comparison group and first and second dose vac-
cinated cohorts, respectively. The proportion of participants
in the youngest age group (under 19 years) was 25.7% in the
historical comparison cohort, 17.8% in the first dose vacci-
nated chort and 15.3% in the second dose vaccinated cohort.
This difference is due to the background rate data including
information on individuals in all age groups (0-19 years
to >80 years), while the vaccinated cohort was restricted
to those aged 5 years and above (as of 10 February 2022;
the BNT162b2 vaccine is not approved in New Zealand for
individuals under 5 years of age).

Demographic characteristics of patients who were dis-
charged from hospital with an event of interest in the period
between 2014 and 2019 in New Zealand are provided in
ESM Table S2.

3.2 Observed versus Expected Analyses

The SIRs for each AESI, for all ages combined, within
the 21 days following a first and second dose of the
BNT162b2 vaccine, as projected from the incidence in
the historical comparison group, are presented in Table 2
and Fig. 1. The observed incidence rates were as expected
for AKI, GBS, herpes zoster, SOCV, arterial thrombosis
(first dose only), splanchnic thrombosis, VTE and throm-
bocytopenia (second dose only) following one or both
doses of BNT162b2. The observed incidence rates of
acute liver injury, arterial thrombosis (second dose only)
and thrombocytopenia (first dose only) following one or
both doses of BNT162b2 were statistically less than the
expected incidence rate for those AESIs. Six or fewer
events of erythema multiforme and CVT were observed
following vaccination, and the SIR calculated for these
events was not statistically significant.

The age-specific SIRs for the 12 AESIs are presented
in ESM Tables S3 and S4. There were no statistically
significant increased SIRs for 11 AESIs in any specific
age-group except for SOCV in the 20-39 years age group
(ESM Table S3). Six or fewer events of SOCV were
observed following the first dose of the vaccine in the
20-39 years age group, with an age-specific SIR (95%) of
3.7 (1.1-7.0) and a risk difference (95%) of 0.3 (0.0-0.7)
events per 100,000 persons vaccinated. The age-specific
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Table 1 Baseline demographics of study participants in the vaccinated (February 2021-February 2022) and historical comparison (2014-2019)

cohorts, New Zealand

Characteristics Historical comparison group 2014-2019  Vaccinated cohort: first dose [no. of Vaccinated cohort:

[no. of persons (%)]*

persons (%)] second dose [no. of

persons (%)]

Total 29,269,989

Sex
Female 14,770,293 (50.5)
Male 14,496,951 (49.5)
Unknown 2748 (0.01)

Age group, years
<19° 7,526,508 (25.7)
20-39 7,949,337 (27.2)
40-59 7,590,234 (25.9)
60-79 5,032,203 (17.2)
>80 1,171,701 (4.0)

Ethnicity
Maori 4,734,330 (16.2)
Pacific people 1,997,523 (6.8)
Asian 4,035,918 (13.8)

NZ European or other

Unknown

18,339,789 (62.7)
162,423 (0.6)

4,277,163

2,159,097 (50.5)
2,112,089 (49.4)
5977 (0.1)

761,322 (17.8)
1,294,892 (30.3)
1,181,252 (27.6)
857,393 (20.1)
182,304 (4.3)

562,895 (13.2)
297,833 (7.0)
691,935 (16.2)
2,693,945 (63.0)
30,555 (0.7)

4,114,364

2,082,166 (50.6)
2,026,359 (49.3)
5839 (0.1)

628,049 (15.3)
1,276,399 (31.0)
1,171,458 (28.5)
856,397 (20.8)
182,061 (4.4)

522,548 (12.7)
280,243 (6.8)
666,566 (16.2)
2,615,230 (63.6)
29,777 (0.7)

COVID-19 coronavirus disease 2019, AESIs adverse events of special interest
*Figures taken from the background rate study of COVID-19 AESIs in New Zealand (2014-2019) [27]

"The background rate data includes information on individuals age >0 years. The vaccination data contains information on individuals aged

>5 years

SIRs for GBS, erythema multiforme, herpes zoster, arte-
rial thrombosis, CVT, and splanchnic thrombosis could
not be calculated in certain age groups as there were six
or fewer events in both the historical comparison group
and vaccinated cohorts.

The SIRs (95% CI) for myo/pericarditis for all ages
combined were 2.3 (1.8-2.7) and 4.0 (3.4-4.6) follow-
ing the first and second dose of BNT162b2, respectively
(Table 2 and Fig. 1). The risk difference (95%) in the 21
days after the first and second dose was 1.3 (0.9-1.8) and
3.1 (2.5-3.7) per 100,000 persons vaccinated, respectively.
The age-specific SIRs for myo/pericarditis in the 21 days
following both doses of the vaccine presented in Table 3.
The highest age-specific SIR was 25.6 (15.5-37.5) in the
5-19 years age group, following the second dose of the
vaccine. The number of excess cases of myo/pericarditis
in this age group was 4.6 (2.7-6.6) per 100,000 persons
vaccinated with the second dose. The age-specific SIR
of myo/pericarditis following the first and second dose
of the vaccine was 3.5 (2.5-4.7) and 6.6 (5.1-8.2) in the
20-39 years age group, respectively, and 2.1 (1.4-2.8) and
3.4 (2.5-4.4) in the 40-59 years age group, respectively.
The observed incidence rates of myo/pericarditis were as
expected for individuals aged >60 years.
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4 Discussion

This nationwide cohort study involving more than 4 mil-
lion vaccinated persons in New Zealand aged 5 years or
older found no statistically significant association between
BNT162b2 vaccination and the majority of the 12 selected
AESIs, including AKI, acute liver injury, GBS, erythema
multiforme, herpes zoster, arterial thrombosis, CVT,
splanchnic thrombosis, VTE, and thrombocytopenia. To
our knowledge, this is the largest ever postmarketing vac-
cine safety study carried out in the country and includes
representation across the population (including the main
ethnic groups). Our findings provide reassurance on the
overall safety profile of the BNT162b2 vaccine.
However, a statistically significant association between
BNT162b2 and myo/pericarditis was observed in the 21
days following both doses of the vaccine. The association
was found to be highest in the youngest recipients, i.e.
under 39 years of age, and following the second dose, with
an estimated five additional myo/pericarditis cases per
100,000 persons vaccinated. Importantly, this association
was not limited to younger age groups, and we observed an
increased SIR for myo/pericarditis following both doses of
the vaccine in individuals between the ages of 40 and 59
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Table 2 SIRs (95% Cls) of prespecified AESIs in the 21 days following the first and second dose of the BNT162b2 vaccine, 19 February 2021-

10 February 2022, New Zealand

AESI No. of participants Person days Observed events

Expected events® SIR (95% CI) Risk difference (95% CI)
[per 100,000 persons]

Acute kidney injury

First dose 4,177,045 90,510,885 1301

Second dose 3,902,566 85,517,178 1381
Acute liver injury

First dose 4,253,935 92,193,987 38

Second dose 3,978,292 87,174,602 42
Guillain-Barré syndrome

First dose 4,255,028 92,217,837 7

Second dose 3,979,345 87,197,601 <6°
Erythema multiforme

First dose 4,255,144 92,220,852 <6

Second dose 3,979,553 87,202,175
Herpes zoster

First dose 4,253,208 92,177,972 36

Second dose 3,977,535 87,157,976 45
Single organ cutaneous vasculitis

First dose 4,254,584 92,209,508 11

Second dose 3,979,172 87,193,853 8
Myo/pericarditis

First dose 4,255,128 92,219,981 101

Second dose 3,979,436 87,199,638 172
Arterial thrombosis

First dose 4,254,942 92,215,906 27

Second dose 3,979,255 87,195,623 20
Cerebral venous thrombosis

First dose 4,072,973 88,220,151 <6

Second dose 3,797,778 83,213,165 <6
Splanchnic thrombosis

First dose 4,255,225 92,222,114 10

Second dose 3,979,539 87,201,855 14
Venous thromboembolism

First dose 4,247,045 92,042,382 236

Second dose 3,971,331 87,021,595 246
Thrombocytopenia

First dose 4,250,921 92,129,171 93

Second dose 3,975,534 87,114,061 109

1409.4 0.9 (0.9-1.0)  —2.5(—4.2t0 —0.8)
1387.6 1.0(0.9-1.0)  -02(-2.0to 1.7)
62.3 0.6 (0.4-0.8)  —0.6 (—0.8 to —0.3)
61.1 0.7(0.5-0.9)  —0.5(—0.8 to —0.1)
<6 1.2 (0.4-2.2) 0.0 (=0.1t0 0.2)
<6 0.7 (02-1.5)  —0.0 (=0.1t0 0.1)
<6 1.1 (0.2-2.3) 0.0 (=0.1 t0 0.1)
<6 0.0 (0.0-0.0)  —0.1 (=0.1to —0.1)
50.5 0.7 (0.5-1.0)  —0.3 (=0.6 to —0.0)
49.8 0.9(0.6-12)  —0.1 (=0.4t00.2)
12.7 0.9(0.4-14)  —0.0(=0.2t00.1)
11.3 0.7(0.3-13)  —0.1 (=0.2t0 0.1)
44.2 2.3(1.8-2.7) 1.3(0.9t0 1.8)
434 4.0 (3.4-4.6) 3.1 (2.5t03.7)
343 0.8(0.5-1.1)  —0.2(=0.41t00.1)
34 0.6 (0.3-0.9)  —0.3(=0.5to —0.1)
<6 2.3 (0.0-6.3) 0.0 (0.0 t0 0.1)
<6 0.8(0.0-3.1)  —0.0(=0.0t0 0.1)
10 1.0 (0.4-1.7) 0.0 (=0.1 t0 0.2)
9.8 1.4 (0.7-2.3) 0.1 (=0.1t0 0.3)
239 1.009-1.1)  —0.1(=0.7t0 0.6)
236.7 1.0 (0.9-1.2) 0.2 (=0.5 to 1.0)
126.8 0.7 (0.6-0.9)  —0.8 (=1.2 to —0.3)
123.4 0.9 (07-1.1)  —0.3(=0.8100.2)

AESIs adverse events of special interest, COVID-19 coronavirus disease 20

19, SIR standardised incidence ratio, CI confidence interval

“Expected events were calculated using background incidence rates from the SAFE background rate study of COVID-19 AESI in New Zealand

(2014-2019) [27] and person time at risk

"Events with fewer than six occurrences have been suppressed for privacy reasons

years. We observed no statistically significant increased
SIR for myo/pericarditis following either dose of the vac-
cine in individuals aged >60 years. In addition to myo/
pericarditis, a statistically significant association between
BNT162b2 and SOCV was observed following the first
dose of the vaccine in the 20-39 years age group only.

Our findings align with international postmarketing stud-
ies, case series reports, and cases detected through reports
to New Zealand’s spontaneous system that identify an asso-
ciation between the BNT162b2 vaccine and myo/pericarditis
[7-13], especially in younger people and after the second
dose [9]. Consistent with our results (one and three excess
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Fig. 1 Standardised incidence ratios (95% confidence intervals) of prespecified AESIs in the 21 days following the first and second dose of the
BNT162b2 vaccine, 19 February 2021-10 February 2022, New Zealand. Bars indicate 95% confidence intervals

myo/pericarditis hospitalisation events per 100,000 persons
after the first and second dose, respectively), a population-
based cohort study in Israel of 884,828 vaccinees using health
care data estimated the excess risk of myocarditis to be three
events per 100,000 persons vaccinated with the BNT162b2
vaccine [8]. Another Israeli study provides further evidence,
with the addition of clinical review assessments, and found
that the risk of myocarditis was highest in young males after
the second dose [9]. They estimated an SIR of 13.60 (95%
CI 9.30-19.20), which translates to 14 additional events of

A\ Adis

myocarditis per 100,000 persons in vaccinated recipients aged
16-19 years.

In this study, the higher SIR for myo/pericarditis observed
following the second dose of BNT162b2 in the youngest age
group (25.6, 95% CI 15.5-37.5) is most likely due to differ-
ences in the way age groups were stratified in the observed
versus expected datasets. The background rate data used to
calculate the expected rate includes information on persons
between the ages of 0 and 19 years, while our observed rate
includes persons between the ages of 5 and 19 years. The
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Table 3 Age-specific SIRs (95% ClIs) of myo/pericarditis in the 21 days following the first and second dose of the BNT162b2 vaccine, stratified

by 20-year age group, 19 February 2021-10 February 2022, New Zealand

Vaccine dose  Age group, years  No. of participants  Person days  Observed  Expected SIR (95% CI) Risk difference (95% CI)
events events® [per 100,000 persons]

First dose 5-19 698,110 14,073,857 12 <6 9.8 (4.6-15.9) 1.6 (0.7 t0 2.7)
20-39 1,315,494 28,872,988 41 11.5 3.5(2.5-4.7) 2.1(1.3t03.1)
40-59 1,194,979 26,262,889 30 14.6 2.1(1.4-2.8) 1.2 (041t02.1)
60-79 864,098 19,004,002 16 14.4 1.1 (0.6-1.7) 0.2(-0.6to 1.1)
>80 182,447 4,006,245 <6 <6 0.8 (0.0-2.1) -03(-14t01.4)
Total 4,255,128 92,219,981 101 442 2.3 (1.8-2.7) 1.3(09to 1.8)

Second dose  5-19 468,104 10,191,896 23 <6 25.6 (15.5-37.5) 4.6 (2.7 t0 6.6)
20-39 1,286,717 28,158,738 74 11.3 6.6 (5.1-8.2) 4.7 (3.5t0 6.0)
40-59 1,180,519 25,908,681 49 14.4 3.4 (2.5-4.4) 2.8 (1.7t0 4.0)
60-79 86,2146 18,947,465 22 14.3 1.5 (0.9-2.2) 0.8 (—=0.1t0 1.9)
>80 181,950 3,992,858 <6 <6 1.6 (0.4-3.4) 0.8 (=0.9 t0 3.0)
Total 3,979,436 87,199,638 172 434 4.0 (3.4-4.6) 3.1(2.5t03.7)

SIR standardised incidence ratio, CI confidence interval, COVID-19 coronavirus disease 2019, AESI adverse events of special interest

*Expected events were calculated using background incidence rates from the SAFE background rate study of COVID-19 AESIs in New Zealand

(2014-2019) [27] and person time at risk

"Events with fewer than six occurrences have been suppressed for privacy reasons

incidence of myocarditis has been found to increase with age
in children [36], and the inclusion of children under 5 years
of age may have led to an underestimate of our expected
rates and thereby an overestimate of the SIR for myo/peri-
carditis after vaccination in this age group.

Importantly, the risk difference of myo/pericarditis is still
low in individuals under 19 years of age, with an excess of
two and five events per 100,000 persons after the first and
second dose of the vaccine, respectively. Furthermore, given
the increased public and medical awareness around myo/
pericarditis as a rare adverse reaction of COVID-19 mRNA
vaccines, BNT162b2 vaccination might lead to increased
hospitalisations and over-identification of the event com-
pared with pre-pandemic years. Most importantly, studies
have found that the risk of myocarditis following SARS-
CoV-2 infection is substantially greater than after COVID-
19 mRNA vaccination [8, 12, 37]. It is generally considered
that the benefits of vaccination with the BNT162b2 vaccine
against COVID-19 continue to outweigh the risks from the
disease [38].

Unlike myo/pericarditis, SOCV has not been identified as
an adverse reaction to the BNT162b2 vaccine. We observed
a statistically significant increased SIR for SOCV following
the first dose of the BNT162b2 vaccine in the 20-39 years
age group only; however, both the observed and expected
numbers were extremely low (fewer than six events) and
should be interpreted with caution. The number of large real-
world studies investigating the incidence of SOCV following
COVID-19 vaccination is limited and there have only been
a few case reports and reviews in the literature. Cases that
were reported occurred after both doses, with no differences

in sex or age [39-42]. Given the low incidence rates of
SOCYV observed following vaccination, as well as the lack
of evidence from international studies, further research and
continued safety monitoring are required to understand the
association between this AESI and the BNT162b2 vaccine.

Our finding of no association between BNT162b2 and the
other ten selected AESIs examined is consistent with other
population-based studies. Several large real-world stud-
ies observed no increased risk of developing the selected
thrombotic events following BNT162b2 vaccination [8,
31, 43-46], including a self-controlled case series (SCCS)
study conducted in New Zealand during the same observa-
tion period as our study (February 2021-February 2022)
[47]. Conversely, an observational study in the UK found an
increased risk of CVT and arterial thrombosis [15] following
BNT162b2 vaccination, while another study in the UK, as
well as one study in Spain, found an increased risk of VTE
following BNT162b2 vaccination [48, 49]. However, these
statistical safety signals have not been confirmed or added
to the vaccine’s product information by the sponsor, Pfizer-
BioNTech, in New Zealand.

Although several case reports of acute liver injury [50],
AKI [51], GBS [52, 53] and erythema multiforme [54] have
been reported, no association has been confirmed in the avail-
able real-world studies using electronic records [8, 55-57].
Our finding of no increased risk of herpes zoster following
BNT162b2 vaccination aligns with several studies [58, 59].
However, there have also been a number of large studies that
have identified an association between herpes zoster and
BNT162b2 [8, 60], including a US study using the Vaccine
Adverse Event Reporting System (VAERS) data [13]. The
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differences with our results may be attributed to our outcome
focusing on hospitalisation events only. As such, diagnoses
made in the primary care setting, where herpes zoster can be
treated, or cases reported through the spontaneous reporting
system are not included in our analysis.

Our study has several strengths, including the robust-
ness and completeness of the datasets used. We linked data
on all individuals vaccinated with a first or second dose
of BNT162b2 to national hospitalisation records for all
persons who use public health and disability services in
New Zealand. Importantly, BNT162b2 is freely available
to all eligible individuals in New Zealand (as of 10 Febru-
ary 2022, this is individuals aged >5 years), regardless
of eligibility to public health and disability services. This
enabled us to rapidly assess, analyse, and contextualise the
risk for all vaccine-related outcomes of interest in patients
who were hospitalised in the public setting from 19 Febru-
ary 2021 through 10 February 2022. The same source of
hospitalisation data and diagnosis codes as the SAFE back-
ground rate study were also used to determine the observed
and expected number of AESIs, making our study less
susceptible to misclassification bias. Real-world popula-
tion-based studies using EHRs also offer some advantages
over studies using passive reporting. Although the passive
reporting system can detect unexpected patterns of adverse
event reporting, it can be subject to several limitations [17]
and does not allow for the calculation of incident rates or
attributable risk of AESIs in a defined population. This
is a strength of our study, especially in the context of a
pandemic and large-scale immunisation programme using
a novel vaccine where population-based information is
needed rapidly. Furthermore, during the study period, New
Zealand suppressed community transmission of SARS-
CoV-2 [19] and experienced one of the lowest incidences
of infection and COVID-19-related mortality among the
Organisation for Economic Co-Operation and Development
(OECD) countries [61, 62]. High community transmission
of the virus in other countries can introduce bias to phar-
macovigilance studies, especially as many of the adverse
events observed following immunisation, such as myocar-
ditis, are also associated with SARS-CoV-2 infection. New
Zealand also achieved extremely high vaccination cover-
age, particularly in individuals over 12 years of age, with
95% of this population vaccinated with at least one dose
of the BNT162b2 vaccine. To put this in context, approxi-
mately 86% of Maori, 88% of Pacific people, and 90% of
NZ European and Asian aged 12 years and older received
at least one dose of the vaccine during the study period.
This allowed us to study the true effects of the vaccine in
nearly an entire population, which includes representation
across the main ethnic groups in New Zealand. We there-
fore believe that our analysis includes the largest number
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of Maori and Pacific people living in New Zealand in any
vaccine surveillance study undertaken globally to date.
Our study is subject to several limitations. First, only hos-
pital discharge information was used to identify the outcomes
of interest in the vaccinated and historical comparator cohorts.
Although many of the AESIs analysed in this study resulted
in hospitalisation, less serious conditions such as herpes
zoster are commonly treated in primary care settings. There-
fore, diagnoses made in general practice are not included in
our analyses and the rate for certain AESIs following vac-
cination could be underestimated. Second, ICD-10-AM
codes were used to identify outcomes of interest. There is
potential for misclassification as clinical record assessments
were not conducted to validate the diagnoses or codes used.
Third, although a historical comparison cohort design (i.e.,
observed versus expected analysis) is a sensitive signal detec-
tion method, differences between the historical background
population and the vaccinated cohort can lead to false posi-
tives (type 1 errors) [63]. For example, the healthy vaccinee
effect can occur, where, on average, people that are healthier
are more likely to get vaccinated [64]. Conversely, medically
compromised individuals are often prioritised for vaccina-
tion. Comparisons between pre-pandemic years 2014-2019
and 2021-2022 might also be limited due to secular trends
in disease, seasonal variations in outcomes, and changes to
viral circulation, especially in the context of the pandemic.
For example, the influenza virus circulation in New Zealand
was almost non-existent during the 2020 winter [65], with a
99.9% reduction from previous years. This trend continued,
with no cases of influenza reported during the 2021 winter
season [66, 67]. Additionally, variation in diagnostic or cod-
ing practices from 2014 through 2022 can lead to an under-
or overestimate of risks for certain AESIs. Fourth, although
the study population included more than 4 million people,
for extremely rare outcomes (e.g., CVT and GBS), too few
events were observed, particularly in specific age groups, to
draw any conclusions from the estimated SIR. Fifth, we used a
risk period of 1-21 days, and the SIRs may be under- or over-
estimated if the real risk period was longer or shorter. Further-
more, the study population might not be fully representative
of those under 12 years of age and eligible for the paediatric
BNT162b2 vaccine, as vaccinations for this age group started
on 17 January 2022. Sixth, we only included the first event
experienced by an individual since 2008 in our observed count
for each AESI to align with the exclusion criteria applied in
the SAFE background rate study. As such, our estimated SIR
might differ from the SIR estimated for individuals with a
history of certain conditions. Finally, although we adjusted
for age in our analysis, we could not adjust for other factors
such as sex, ethnicity, or comorbidities. Stratification by both
age and another factor, e.g., sex and ethnicity, was not pro-
vided in our background rate data, making further subgroup
analysis impossible. Additional observational studies that are
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not reliant on background rates, such as the SCCS or revised
background rates that stratify by multiple factors, are needed
to allow for this. However, given that this study is representa-
tive of nearly the entire eligible New Zealand population,
including 86% of Maori and 88% of Pacific people aged >12
years, we are confident that the overall safety profile of the
vaccine in these groups is understood.

5 Conclusion

This nationwide study of more than 4 million people in New
Zealand identified a statistically significant increased SIR
for myo/pericarditis in the 21 days following both doses of
the BNT162b2 vaccine. Moreover, we observed more events
than expected of single organ vasculitis in the 20-39 years
age group only. We found no other significant associations
between the BNT162b2 vaccine and any other outcome of
interest. These findings provide further reassurance on the
safety profile of the vaccine, particularly from a New Zea-
land-specific context. Importantly, studies have found that
the risk of myo/pericarditis following SARS-CoV-2 infec-
tion is substantially greater than after COVID-19 mRNA
vaccination.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40264-023-01332-1.
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