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Question  How do risks of adverse events compare after vaccination with BNT162b2 (Pfizer-
BioNTech) vs mRNA-1273 (Moderna Inc) vaccines?

Findings  In this cohort study of 433 672 US veterans during 38 weeks of follow-up, recipients of the
BNT162b2 vaccine, compared with recipients of the mRNA-1273 vaccine, had an excess per 10 000
persons of 10.9 ischemic stroke events, 14.8 myocardial infarction events, 11.3 other
thromboembolic events, and 17.1 kidney injury events. Small-magnitude differences between the 2
vaccines were seen within 42 days of the first dose, and few differences were seen within 14 days of
the first dose.

Meaning  This study’s findings suggest that there were few differences in risk of adverse events
within 14 days of the first dose of either the BNT162b2 or the mRNA-1273 vaccine and small-
magnitude differences within 42 days and 38 weeks of the first dose.
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Importance  The risk of adverse events has been found to be low for participants receiving the
BNT162b2 (Pfizer-BioNTech) and mRNA-1273 (Moderna Inc) vaccines in randomized trials. However,
a head-to-head comparison of their safety for a broader range of potential adverse events over
longer follow-up and in larger and more diverse populations is lacking, to our knowledge.

Objective  To compare the head-to-head safety in terms of risk of adverse events of the BNT162b2
and mRNA-1273 vaccines in the national health care databases of the US Department of Veterans
Affairs, the largest integrated health care system in the US.

Design, Setting, and Participants  In this cohort study, the electronic health records of US veterans
who received a first dose of the BNT162b2 or mRNA-1273 vaccine between January 4 and September
20, 2021, were used. Recipients of each vaccine were matched in a 1:1 ratio according to their risk
factors.

Exposures  Vaccination with either the BNT162b2 vaccine, with a second dose scheduled 21 days
later, or the mRNA-1273 vaccine, with a second dose scheduled 28 days later.

Main Outcomes and Measures  A large panel of potential adverse events was evaluated; the panel
included neurologic events, hematologic events, hemorrhagic stroke, ischemic stroke, myocardial
infarction, other thromboembolic events, myocarditis or pericarditis, arrhythmia, kidney injury,
appendicitis, autoimmune events, herpes zoster or simplex, arthritis or arthropathy, and pneumonia.
Risks over 38 weeks were estimated using the Kaplan-Meier estimator.

Results  Among 433 672 persons included in the matched vaccine groups, the median age was 69
years (IQR, 60-74 years), 93% of individuals were male, and 20% were Black. Estimated 38-week
risks of adverse events were generally low after administration of either the BNT162b2 or the
mRNA-1273 vaccine. Compared with the mRNA-1273 group, the BNT162b2 group had an excess per
10 000 persons of 10.9 events (95% CI, 1.9-17.4 events) of ischemic stroke, 14.8 events (95% CI,
7.9-21.8 events) of myocardial infarction, 11.3 events (95% CI, 3.4-17.7 events) of other
thromboembolic events, and 17.1 events (95% CI, 8.8-30.2 events) of kidney injury. Estimates were
largely similar among subgroups defined by age (<40, 40-69, and ≥70 years) and race (Black,
White), but there were higher magnitudes of risk differences of ischemic stroke among older persons
and White persons, kidney injury among older persons, and other thromboembolic events among
Black persons. Small-magnitude differences between the 2 vaccines were seen within 42 days of the
first dose, and few differences were seen within 14 days of the first dose.

Conclusions and Relevance  The findings of this cohort study suggest that there were few
differences in risk of adverse events within 14 days of the first dose of either the BNT162b2 or the
mRNA-1273 vaccine and small-magnitude differences within 42 days of the first dose. The 38-week
risks of adverse events were low in both vaccine groups, although risks were lower for recipients of
the mRNA-1273 vaccine than for recipients of the BNT162b2 vaccine. Although the primary analysis

 RELATED ARTICLES  FIGURES  SUPPLEMENTAL CONTENT

Comparative Safety of BNT162b2 and mRNA-1273 Vaccines in a Na... https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2...

2 von 17 24.09.2025, 10:30



was designed to detect safety events unrelated to SARS-CoV-2 infection, the possibility that these
differences may partially be explained by a lower effectiveness of the BNT162b2 vaccine in
preventing the sequelae of SARS-CoV-2 infection compared with the mRNA-1273 vaccine could not
be ruled out. These findings may help inform decision-making in future vaccination campaigns.

Early randomized trials of the 2 messenger RNA (mRNA)–based vaccines—BNT162b2 (Pfizer-
BioNTech) and mRNA-1273 (Moderna Inc)—revealed a low incidence of adverse events, largely
limited to transient reactogenicity common among other viral vaccines.1,2 However, the randomized
trials were relatively small and short, and their participants did not reflect the entire populations
ultimately receiving the vaccine. Postapproval surveillance via observational studies is therefore
critical for monitoring adverse events in vaccine campaigns.

Observational studies3,4 have provided evidence of the overall safety of these vaccines: for adverse
events for which the risk appears to increase after vaccination,3,4 the risk is greater after infection
with SARS-CoV-2 among unvaccinated persons.3 However, the 2 mRNA-based vaccines need to be
compared head-to-head to inform public health decisions. Ideally, these comparative safety studies
would be large enough to provide precise estimates for a broad panel of potential adverse events,
have sufficiently long follow-up to evaluate adverse events for which recording may be delayed or
that may unfold over time, and include vulnerable (eg, older) and racially and ethnically diverse
groups.

A previous head-to-head comparison of the effectiveness of the BNT162b2 and mRNA-1273
vaccines5 showed a low risk of documented SARS-CoV-2 infection in both vaccine groups but a lower
risk for the mRNA-1273 vaccine. Because of this difference in effectiveness, evaluating vaccine safety
requires distinguishing adverse events that arise from the vaccines themselves from adverse events
due to the infections they are intended to prevent.

In this study, we used data from the national health care databases of the US Department of
Veterans Affairs (VA), the largest integrated health care system in the US, to compare the safety
profiles of the BNT162b2 and mRNA-1273 vaccines during 38 weeks of follow-up overall and in
subgroups defined by age and by race.

Specification of the Target Trials
We designed this cohort study to emulate target trials (ie, hypothetical pragmatic trials that would
answer the causal questions of interest) of BNT162b2 as compared with mRNA-1273 and risk of
potential adverse events in the VA health care system. eTable 1 in the Supplement summarizes the
key protocol components. This work was approved by the VA Boston Healthcare System Research &

Introduction

Methods
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Development Committee and Human Subjects Subcommittee, and an exemption of informed
consent and Health Insurance Portability and Accountability Act (HIPAA) authorization was granted
because it was determined that the research presented no more than minimal risk to privacy and
could not be practically conducted without the waiver.

Eligibility criteria included veteran status; age of at least 18 years between January 4 and September
20, 2021; no previously documented COVID-19 vaccination; no previously documented SARS-CoV-2
infection; no history of the adverse event of interest; known residential address outside of a long-
term care facility; known smoking status; and known body mass index within the previous year.
Individuals had to have used the VA health care system during the previous year (defined as
receiving care at a station eligible to administer both vaccines under study and having at least 1
primary care visit) but not within the previous 3 days (which might suggest the start of symptomatic
disease that precluded vaccination).

The interventions of interest were vaccination with either the BNT162b2 vaccine with a second dose
scheduled 21 days later or the mRNA-1273 vaccine with a second dose scheduled 28 days later. To
ensure balance of important characteristics across groups, eligible veterans in the target trial would
be randomly assigned to 1 of these 2 vaccines within strata defined by calendar date (5-day bins),
age (5-year bins), sex (male, female), race (Black, White, other, unknown), urbanicity of residence
(urban, not urban), and geographic location (coded as 19 categories of Veterans Integrated Services
Network). Race and ethnicity were reported by each person.

The prespecified adverse events of interest were classified as neurologic events, hematologic
events, hemorrhagic stroke, ischemic stroke, myocardial infarction, other thromboembolic events,
myocarditis or pericarditis, arrhythmia, kidney injury, appendicitis, autoimmune events, herpes
zoster or simplex, arthritis or arthropathy, and pneumonia. We selected these categories based on
their inclusion in prior vaccine safety studies,3,4 imbalances in results of phase 3 randomized trials,1,2

and potential signals from ongoing surveillance and case reports.4,6-11 Mild and transient local and
systemic reactions (eg, pain at the injection site, fatigue, headache), which have been commonly
reported after receipt of mRNA-based vaccines12 but are unlikely to require medical attention, were
not studied.

For each eligible individual, follow-up started on the day the first dose of vaccine was received
(baseline) and ended on the day of the outcome of interest, 38 weeks after baseline or October 5,
2021, whichever occurred first. Follow-up of a matched pair also ended when either member
developed a documented SARS-CoV-2 infection for evaluation of potential complications arising
from the vaccines themselves and not from the infections they were intended to prevent.

Emulation of the Target Trials
We emulated the aforementioned target trials using the VA health care databases as described
previously.5 Vaccination was identified using records in the immunization domain and procedures
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recorded in the outpatient or inpatient domain of the database. The adverse events were defined
using diagnosis codes recorded in inpatient and outpatient domains as well as fee domains (claims
for out-of-network care) to capture diagnoses documented both inside and outside the VA health
care system. For diagnoses that may be sequelae of SARS-CoV-2 infection (ie, myocarditis or
pericarditis, kidney injury, thromboembolic events), we verified that they could not be attributed to
infection based on manual review of clinical notes available from the electronic health records for a
sample of individuals. SARS-CoV-2 infections were identified with the VA COVID-19 National
Surveillance Tool,13 which integrates data on polymerase chain reaction laboratory tests with natural
language processing of clinical notes to capture diagnoses inside and outside the VA health care
system. Detailed definitions of all study variables are provided in eTable 2 in the Supplement.

In the emulation of the target trials, vaccine type was not randomly assigned within the strata
defined previously. In some instances, individuals may have received the first dose of whichever
vaccine was readily available to them; in others, individuals may have sought out a particular vaccine
type. We attempted to mimic the stratified randomization of the target trial by matching eligible
persons who were vaccinated with BNT162b2 to eligible persons vaccinated with mRNA-1273, using
the same matching algorithm described in a previous study.5 The matching factors (calendar date,
age, sex, race, urbanicity of residence, and geographic location) are associated with the probability
of receiving a particular vaccine and risk of the outcomes.

Statistical Analysis
Covariate balance after matching was assessed by evaluating mean differences between variable
values (standardized for continuous variables) for the vaccination groups, with a difference of 0.1 or
less considered acceptable.14 Cumulative incidence (risk) curves for the vaccination groups were
estimated using the Kaplan-Meier estimator.15 We then reported the 38-week risks of each outcome
and compared them between vaccination groups via differences and ratios.

SARS-CoV-2 infections may cause some adverse events (eg, myocarditis) that might have been
prevented by vaccination. Then, even if both vaccines had identical safety profiles in the absence of
SARS-CoV-2 infection, the more effective vaccine would appear to be safer during a COVID-19
outbreak. To estimate the risk of adverse events attributable to a harmful effect of the vaccine
rather than to lower effectiveness, we truncated the follow-up of a matched pair when either
member had a documented SARS-CoV-2 infection, as described in the Specification of the Target
Trials subsection. Because some undocumented asymptomatic and mild infections might cause
adverse events, we also studied the outcome “pneumonia,” which was not expected to be a
complication of vaccination, as a marker of undocumented SARS-CoV-2 infection. In a secondary
analysis, individuals who had a documented SARS-CoV-2 infection during the follow-up period were
not censored to estimate risks that capture complications arising both from the vaccines themselves
and from the incident infections that they were intended to prevent (see also the eMethods in the
Supplement).
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Figure.  Selection of Persons for the Emulation of a Target Trial Evaluating the Comparative Safety
of the BNT162b2 and mRNA-1273 Vaccines (January 4 to October 5, 2021)

We also conducted secondary analyses evaluating 14-day and 42-day risk to distinguish adverse
events that might be documented in the weeks after the first dose and after the second dose of the
vaccine, respectively. We conducted subgroup analyses according to age (<40, 40-69, ≥70 years)
and race (Black, White).

A nonparametric bootstrapping procedure with 500 iterations was used to calculate percentile-
based 95% CIs for all estimates. The bootstrap populations were resampled from the entire eligible
population, and the bootstrap procedure included all analyses beginning with matching to account
for all contributors to the variance estimates.

Analyses were performed with R software, version 3.6.0 (R Foundation for Statistical Computing)
and SAS software, version 8.2 (SAS Institute Inc).

Study Population and Follow-up
Of the 369 846 recipients of the BNT162b2 vaccine and the 400 261 recipients of the mRNA-1273
vaccine who were eligible for the study (Figure), 216 836 BNT162b2 recipients were matched to
216 836 mRNA-1273 recipients before outcome-specific exclusion criteria were applied. Table 1
provides the baseline characteristics of this matched population, which were similar to those of the
eligible population (eTable 3 in the Supplement). The median age was 69 years (IQR, 60-74 years),
93% of individuals were male, 20% were Black, and 8% were Hispanic. The 2 vaccine groups had
similar distributions of all measured variables, including demographics, coexisting conditions, and
markers of health care utilization. The median follow-up was 223 days (IQR, 203-246 days) for
BNT162b2 and 223 days (IQR, 203-245 days) for mRNA-1273. The baseline characteristics of matched
populations after application of outcome-specific exclusion criteria are provided in eTable 4 in the
Supplement.

Results
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Table 1.  Baseline Characteristics of Matched Persons in the Target Trial Emulation Evaluating the
Comparative Safety of the BNT162b2 and mRNA-1273 Vaccines, Veterans Health Administrationa

BMI indicates body mass index; VA, US Department of Veterans Affairs.
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Table 2.  Estimated Comparative Safety of the BNT162b2 and mRNA-1273 Vaccines, Veterans
Health Administration (January 4 to October 5, 2021)a

Adherence to vaccine protocols was strict. Among persons who received a dose of the BNT162b2
vaccine and had at least 21 days of follow-up, 98% received a second dose of the vaccine (of whom
92% received it before day 24 and 96% received it before day 28). Among persons who received a
dose of the mRNA-1273 vaccine and had at least 28 days of follow-up, 98% received a second dose
of the vaccine (of whom 92% received it before day 31 and 97% received it before day 35).

Comparative Safety
The risks of adverse events ranged from approximately 3 to 347 events per 10 000 persons across
38 weeks, depending on the event (Table 2 and eFigure 1 in the Supplement). During those 38
weeks, recipients of the BNT162b2 vaccine, compared with recipients of the mRNA-1273 vaccine, had
an excess per 10 000 persons of 10.9 events (95% CI, 1.9-17.4 events) of ischemic stroke, 14.8
events (95% CI, 7.9-21.8 events) of myocardial infarction, 11.3 events (95% CI, 3.4-17.7 events) of
other thromboembolic events, and 17.1 events (95% CI, 8.8-30.2 events) of kidney injury (Table 2).
The corresponding risk ratios (BNT162b2 vs mRNA-1273) were 1.17 (95% CI, 1.03-1.28) for ischemic
stroke, 1.32 (95% CI, 1.16-1.49) for myocardial infarction, 1.20 (95% CI, 1.05-1.32) for other
thromboembolic events, and 1.16 (95% CI, 1.08-1.29) for kidney injury. In analyses that did not
attempt to exclude COVID-19-driven adverse events, estimated risk differences were only slightly
greater except for the estimated risk difference for pneumonia, which increased from 5.9 (95% CI,
−2.9 to 12.7) events per 10 000 persons to 20.9 (95% CI, 11.4-29.5) events per 10 000 persons
(eTable 5, eFigure 2 in the Supplement).
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During the first 14 days after receipt of the first vaccine dose, the estimated risks of the evaluated
safety outcomes were low and similar in both vaccine groups (eTable 6 in the Supplement). The
estimated risks were also low during the first 42 days after receipt of the first vaccine dose, but
recipients of the BNT162b2 vaccine compared with recipients of the mRNA-1273 vaccine had an
excess per 10 000 persons of other thromboembolic events (1.8; 95% CI, 0.2-4.2 events),
arrhythmia (7.5; 95% CI, 1.9-11.5 events), and kidney injury (3.8; 95% CI, 2.1-8.0 events) (eTable 7 in
the Supplement).

Estimates were largely similar among subgroups defined according to age and race, with several
exceptions. For example, the estimated 38-week risk difference (BNT162b2 minus mRNA-1273) was
higher for ischemic stroke among persons 70 years or older (15.5; 95% CI, 3.2-23.2) than among
persons aged 40 to 69 years (5.7; 95% CI, −1.2 to 19.3) and younger than 40 years (3.4; 95% CI, −3.8
to 10.4); higher for kidney injury among persons 70 years or older (24.4; 95% CI, 11.7-42.6) than
among persons aged 40 to 69 years (2.4; 95% CI, −8.8 to 34.2) and younger than 40 years (5.7;
95% CI, −0.7 to 21.5); higher for ischemic stroke among White persons (10.5; 95% CI, 2.4-20.4) than
among Black persons (−1.2; 95% CI, −20.5 to 13.2); and higher for other thromboembolic events
among Black persons (38.7; 95% CI, 15.8-49.0) than among White persons (10.0; 95% CI, −0.7 to
13.9) (eTables 8-12 in the Supplement).

In this cohort study, we evaluated the comparative safety of the BNT162b2 and mRNA-1273 vaccines
in the largest integrated health care system in the US over a relatively long follow-up, which
allowed us to quantify the risk of adverse events for which reporting may be delayed or that may
emerge over time. The 38-week risks of adverse events were low in both vaccine groups, but
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recipients of BNT162b2 had an excess risk of ischemic stroke, myocardial infarction, other
thromboembolic events, and kidney injury compared with recipients of mRNA-1273. Small-
magnitude differences between the 2 vaccines were seen within 42 days of the first dose, and few
differences were seen within 14 days of the first dose.

When the safety of vaccines with varying effectiveness is compared,5 an important consideration is
whether to target risk that includes adverse events due to SARS-CoV-2 infection in addition to
adverse events of the vaccines themselves. If no attempt is made to distinguish adverse events
arising from infections vs those due to vaccines, then the less effective vaccine may appear to have
more adverse events during a COVID-19 outbreak, even if the 2 vaccines had an identical safety
profile in the absence of SARS-CoV-2 infection. In our primary analysis, we censored matched pairs
when either member had a documented SARS-CoV-2 infection in an attempt to target the risk of
adverse events due to the vaccines themselves. In our secondary analysis, we did not perform this
censoring to capture the risk of adverse events due to the vaccines or COVID-19. As expected, the
estimated risk difference for pneumonia (a known sequela of SARS-CoV-2 infection) was lower in the
primary analysis (5.9 events per 10 000 persons) than it was in the secondary analysis (20.9 events
per 10 000 persons), suggesting that our censoring in the primary analysis appropriately excluded
most infection-driven events. Incomplete or lagged information on SARS-CoV-2 infection may have
led to the inadvertent inclusion of some infection-driven events in our primary analysis. However,
incomplete or lagged information on SARS-CoV-2 infection was expected to be nondifferential
between the 2 vaccine groups. In addition, the similarity in the risk curves for pneumonia between
the vaccine groups suggests that incomplete or lagged information on infection would not entirely
explain the divergence of risk curves observed for other outcomes.

Head-to-head comparisons of the safety of the mRNA-based COVID-19 vaccines, as in the present
analysis, have been lacking. The safety of these vaccines has been assessed separately in studies that
compared (1) the short-term risk of adverse events among vaccine recipients vs unvaccinated
persons (eg, a study of approximately 900 000 individuals in each group in Israel3); (2) the risk
during an interval shortly after receipt of the vaccine with the risk during a later interval among the
same individuals (eg, analyses of surveillance data from Vaccine Safety Datalink4); or (3) the
incidence of adverse events after vaccination with the incidence during a period before vaccination
(eg, a report from 40 US hospitals9). Findings from these studies have suggested that the risk of
adverse events after vaccination with an mRNA-based vaccine was low. Compared with no
vaccination, the risk for some events (eg, myocarditis) was higher after vaccination but not as high
as the risk after SARS-CoV-2 infection.3 Case reports (ie, without any comparator) have described
myocarditis diagnoses within 4 days after receipt of an mRNA-based vaccine, particularly after the
second dose.6-8 Likewise, findings for thromboembolism and kidney injury after receipt of mRNA-
based vaccines have been largely limited to case reports.10,11,16-18

Both mRNA-based vaccines encode the prefusion stabilized full-length spike protein of SARS-CoV-2,
but each uses a slightly different system for intracellular delivery of the mRNA. They also differ with
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respect to the total dose of mRNA (30 μg for BNT162b2 vs 100 μg for mRNA-1273) and dosing
schedule (3 weeks between first and second doses for BNT162b2 vs 4 weeks for mRNA-1273).
However, specific mechanisms underlying any observed difference in safety profiles are not
understood.

Strengths and Limitations
This study has several strengths. First, the VA health care databases contain detailed information on
demographic characteristics and medical history, which allowed us to carefully characterize and
match recipients of each vaccine type according to potential confounders. Second, the large size of
the study population allowed us to evaluate the comparative safety of mRNA-based vaccines for a
broad panel of potentially serious and rare adverse events. Third, the relatively long follow-up (38
weeks) allowed us to examine the risk of adverse events for which reporting may be delayed or that
may emerge over time. Fourth, the demographic composition of the US veteran population allowed
us to provide evidence for a diverse cohort in terms of racial and ethnic groups (20% Black, 8%
Hispanic) and to conduct subgroup analyses of various age groups (<40, 40-69, ≥70 years) and
among Black persons.

This study also has several limitations. First, as in any analysis of nonrandomized data, a key
challenge was ensuring that the vaccine groups under study were comparable with respect to risk
factors for the outcomes. However, after careful matching, the 2 vaccine groups were similar with
respect to demographic characteristics, coexisting conditions, and markers of health care–seeking
behavior. Furthermore, much less confounding is expected when unintended effects (ie, adverse
events) are evaluated than when intended effects (ie, COVID-19 outcomes) are evaluated and when
recipients of different vaccines are compared than when vaccinated and unvaccinated persons are
compared.

Second, incomplete outcome ascertainment is possible. To reduce this problem, the analysis
captured adverse events recorded in both inpatient and outpatient encounters and was restricted to
patients who regularly used VA health care services, had a known residential address, and had
routinely collected information (body mass index, smoking status) documented in the database. We
expected residual incomplete ascertainment to be nondifferential between the 2 vaccine groups,
which may have slightly biased the absolute risks but had few repercussions for the relative effect
measures. As with any analysis of electronic health records, a lag between the occurrence of an
adverse event and its reporting cannot be ruled out. This potential lag was expected to be
nondifferential but may have contributed to a delayed divergence of the cumulative incidence curves
between the 2 groups.

Third, the estimated absolute risks and risk differences were dependent on the baseline risk, which
may vary across populations. However, we also presented risk ratios, which are less dependent on
baseline risk. Fourth, our study population was restricted to individuals with no history of the
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adverse event of interest in outcome-specific analyses (to evaluate incident events), comprised
regular users of the VA health care system (to maximize capture of these events), and was mostly
made up of men (93%) and older individuals (90% were >50 years of age), which may limit the
generalizability of the findings.

Decisions about vaccination campaigns are complex and must incorporate considerations that extend
beyond the scope of the present study. Therefore, our findings need to be combined with those from
previous studies to inform future decisions about choice of vaccine in coordinated public health
responses. Research has shown that the benefit of any available vaccine (vs no vaccine) on an
individual’s risk related to SARS-CoV-2 infection clearly outweighs the risk of rare vaccination-
related adverse effects.

This cohort study found few differences in risk of adverse events within 14 days of the first dose of
either the BNT162b2 or the mRNA-1273 vaccine and small-magnitude differences within 42 days of
the first dose. The 38-week risks of adverse events were low in both vaccine groups, although risks
were lower for recipients of the mRNA-1273 vaccine than the recipients of the BNT162b2 vaccine.
Although our primary analysis was designed to detect safety events unrelated to SARS-CoV-2
infection, we are unable to exclude the possibility that these differences may be partially explained
by a lower effectiveness of the BNT162b2 vaccine in preventing the sequelae of SARS-CoV-2
infection compared with the mRNA-1273 vaccine.
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Dickerman et al. compared the safety of the Pfizer (BNT162b2) and the Moderna (mRNA-1273)
COVID-19 vaccines using the health care databases of the US Department of Veterans Affairs.1
Many studies have compared the safety and effectiveness of vaccines against the SARS-CoV-2 virus.2
Nonetheless, the authors affirmed that estimating vaccine safety necessitates distinguishing adverse
events related to the vaccines themselves from the adverse events associated with the virus
infection.1
 In the primary analysis, they censored matched pairs when either member had a ...
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