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ABSTRACT

BACKGROUND

The messenger RNA (mRNA)-based vaccines BNT162b2 and mRNA-1273 are more
than 90% effective against coronavirus disease 2019 (Covid-19). However, their com-
parative effectiveness for a range of outcomes across diverse populations is unknown.

METHODS

We emulated a target trial using the electronic health records of U.S. veterans who
received a first dose of the BNT162b2 or mRNA-1273 vaccine between January 4
and May 14, 2021, during a period marked by predominance of the SARS-CoV-2
B.1.1.7 (alpha) variant. We matched recipients of each vaccine in a 1:1 ratio accord-
ing to their risk factors. Outcomes included documented severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection, symptomatic Covid-19, hospital-
ization for Covid-19, admission to an intensive care unit (ICU) for Covid-19, and
death from Covid-19. We estimated risks using the Kaplan—-Meier estimator. To as-
sess the influence of the B.1.617.2 (delta) variant, we emulated a second target trial
that involved veterans vaccinated between July 1 and September 20, 2021.

RESULTS
Each vaccine group included 219,842 persons. Over 24 weeks of follow-up in a
period marked by alpha-variant predominance, the estimated risk of documented
infection was 5.75 events per 1000 persons (95% confidence interval [CI], 5.39 to
6.23) in the BNT162b2 group and 4.52 events per 1000 persons (95% CI, 4.17 to 4.84)
in the mRNA-1273 group. The excess number of events per 1000 persons for
BNT162b2 as compared with mRNA-1273 was 1.23 (95% CI, 0.72 to 1.81) for docu-
mented infection, 0.44 (95% CI, 0.25 to 0.70) for symptomatic Covid-19, 0.55 (95% CI,
0.36 to 0.83) for hospitalization for Covid-19, 0.10 (95% CI, 0.00 to 0.26) for ICU
admission for Covid-19, and 0.02 (95% CI, —0.06 to 0.12) for death from Covid-19.
The corresponding excess risk (BNT162b2 vs. mRNA-1273) of documented infec-
tion over 12 weeks of follow-up in a period marked by delta-variant predominance
was 6.54 events per 1000 persons (95% CI, —2.58 to 11.82).

CONCLUSIONS
The 24-week risk of Covid-19 outcomes was low after vaccination with mRNA-1273
or BNT162b2, although risks were lower with mRNA-1273 than with BNT162b2.
This pattern was consistent across periods marked by alpha- and delta-variant pre-
dominance. (Funded by the Department of Veterans Affairs and others.)
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ARLY RANDOMIZED TRIALS SHOWED

strong effectiveness of messenger RNA

(mRNA)-based vaccines for the preven-
tion of symptomatic coronavirus disease 2019
(Covid-19), with effectiveness of 95% for BNT162b2
(Pfizer—BioNTech) and 94% for mRNA-1273 (Mod-
erna).? Observational studies then confirmed
similar levels of effectiveness during real-world
vaccination campaigns.>® However, head-to-head
comparisons of these vaccines have been lacking,
leaving open the question of which vaccine is
more effective.

Both mRNA-based vaccines encode the prefu-
sion stabilized full-length spike protein of severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), but they differ in the mRNA content
(100 pg for mRNA-1273 vs. 30 ug for BNT162b2),
the interval between priming and boosting
doses (4 weeks for mRNA-1273 vs. 3 weeks for
BNT162b2), and the lipid composition of the
nanoparticles used for packaging the mRNA con-
tent."*¢ These differences might explain emerging
evidence for a higher antibody response among
recipients of the mRNA-1273 vaccine than among
recipients of the BNT162b2 vaccine.”® It has been
suggested that this observed difference in anti-
body levels translates into a difference in the risk
of Covid-19 outcomes.*® However, there has been
a need for studies that compare the vaccines head-
to-head, are large enough to provide precise risk
estimates for severe Covid-19 outcomes, have ad-
equate adjustment for confounding and sound
study design, include racially diverse groups, and
separately address periods that have predominance
of different SARS-CoV-2 variants.

In this study, we used data from the national
health care databases of the Department of Vet-
erans Affairs (VA), the largest integrated health
care system in the United States, to compare the
effectiveness of the BNT162b2 vaccine and the
mRNA-1273 vaccine with respect to five Covid-19
outcomes (documented SARS-CoV-2 infection,
symptomatic Covid-19, hospitalization, admission
to an intensive care unit [ICU], and death), both
overall and in subgroups defined according to
age and race. To evaluate the influence of SARS-
CoV-2 variants on the comparative effectiveness
of these vaccines, we conducted separate analy-
ses in periods marked by predominance of the
B.1.1.7 (alpha) variant and of the B.1.617.2 (delta)
variant.

N ENGL ) MED 386;2

METHODS

SPECIFICATION OF THE TARGET TRIALS

We designed this observational analysis to emu-
late a target trial (i.e., a hypothetical pragmatic
trial that would have answered the causal ques-
tion of interest) of BNT162b2 as compared with
mRNA-1273 for the prevention of Covid-19 out-
comes in the VA health care system. The key com-
ponents of the protocol are summarized in Table
S1 in the Supplementary Appendix, available with
the full text of this article at NEJM.org.

Eligibility criteria included veteran status, an
age of at least 18 years between January 4 and
May 14, 2021, no previously documented SARS-
CoV-2 infection, no previous Covid-19 vaccina-
tion, and a known residential address outside of
a long-term care facility, as well as known smok-
ing status and body-mass index recorded within
the previous year. Participants needed to have
used the VA health care system during the previ-
ous year (defined as receiving care at a station
eligible to administer the vaccines under study
and having at least one primary care visit); how-
ever, they had to have had no interactions with
the health care system in the previous 3 days
(wWhich may have indicated the start of symptom-
atic disease and precluded vaccination).

The interventions of interest were vaccination
with either the BNT162b2 vaccine or the mRNA-
1273 vaccine, with a second dose scheduled 21
days later for the BNT162b2 vaccine and 28 days
later for the mRNA-1273 vaccine. To ensure bal-
ance of important characteristics across groups,
eligible veterans in the target trial would be
randomly assigned to one of these two vaccine
groups within strata defined according to calen-
dar date (5-day bins), age (5-year bins), sex (male
or female), race (White, Black, other, or un-
known), urbanicity of residence (urban or not
urban), and geographic location (coded as one of
19 categories of the Veterans Integrated Services
Network).

The five outcomes of interest were document-
ed SARS-CoV-2 infection, documented symptom-
atic Covid-19, hospital admission for Covid-19,
ICU admission for Covid-19, and death from
Covid-19. For each eligible participant, follow-up
started on the day the first dose of vaccine was
received (baseline) and ended on the day of the
outcome of interest, death, 168 days (24 weeks)
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after baseline, or the end of the study period
(July 1, 2021), whichever occurred first.

This target trial was designed to evaluate the
comparative effectiveness of the vaccines in a
period during which the SARS-CoV-2 alpha vari-
ant was predominant. However, the alpha variant
had decreased to a share of 26% of circulating
variants in the United States as of June 26, 2021,
as it was quickly displaced by the delta variant,
which rose from a 68% share as of July 3, 2021,
to 99% as of September 18, 2021." To evaluate
the comparative effectiveness of the vaccines in
a period with delta-variant predominance, we
considered a second target trial that was identi-
cal to the first trial except that the recruitment
period was July 1 to September 20, 2021, and the
only outcome of interest was documented SARS-
CoV-2 infection (because the period was too short
to accumulate a sufficient number of rarer out-
comes, such as hospitalization and death).

EMULATION OF THE TARGET TRIALS

We emulated the above pragmatic target trials us-
ing the VA health care databases, which are de-
scribed in the Supplementary Methods 1 section
in the Supplementary Appendix. Table S2 pro-
vides detailed definitions of all study variables.
Vaccination was identified with the use of records
in the Immunization domain and procedures re-
corded in the Outpatient or Inpatient domain of
the database. SARS-CoV-2 infections were identi-
fied with the use of the VA Covid-19 National
Surveillance Tool,’* which integrates data on
polymerase-chain-reaction (PCR) laboratory tests
with natural language processing of clinical
notes to capture diagnoses inside and outside
the VA health care system. Symptomatic Covid-19
was defined as at least one of the following symp-
toms documented within the VA health care sys-
tem within 4 days before or after documentation
of SARS-CoV-2 infection: fever, chills, cough,
shortness of breath or difficulty breathing, sore
throat, loss of taste or smell, headache, myalgia,
diarrhea, and vomiting. Symptoms were ascer-
tained with the use of records in the Outpatient,
Inpatient, Vital Signs, Health Factors, and Fee
domains in the database. Hospitalization for
Covid-19 was defined as a hospitalization within
21 days after documentation of SARS-CoV-2 in-
fection (ascertained with the Inpatient domain),
ICU admission for Covid-19 was defined as an ICU

admission during hospitalization for Covid-19
(ascertained with the Inpatient domain and spe-
cialty transfer codes), and death from Covid-19
was defined as a death within 30 days after docu-
mentation of SARS-CoV-2 infection (ascertained
using the Patient domain).

To mimic the stratified randomization of the
target trial, we matched eligible persons who
were vaccinated with BNT162b2 in a 1:1 ratio to
eligible persons who were vaccinated with mRNA-
1273. The matching factors (calendar date, age,
sex, race, urbanicity of residence, and geograph-
ic location) are associated with the probability of
receiving a particular vaccine, as well as with the
risk of SARS-CoV-2 infection or severe Covid-19.
(Additional details on the matching algorithm
are provided in the Supplementary Methods 2 sec-
tion in the Supplementary Appendix.)

To explore the possibility of residual confound-
ing (e.g., by underlying health status or health
care—seeking behavior), we used two negative out-
come controls that are not directly affected by
vaccination but for which the effect of vaccina-
tion might be similarly confounded.”® First, we
evaluated the risk of symptomatic Covid-19 in
the first 10 days after the first vaccine dose, dur-
ing which no difference in risk between the vac-
cines is expected.’? Second, we evaluated the risk
of death from causes other than Covid-19 during
the follow-up period.

STATISTICAL ANALYSIS

Covariate balance after matching was evaluated
by plotting the mean differences between variable
values (standardized for continuous variables) for
the vaccination groups, with a difference of 0.1 or
less considered to be acceptable.* Cumulative
incidence (risk) curves for the vaccination groups
were estimated with the Kaplan—Meier estimator.”
We considered the period from the day of the
first dose of vaccine until the end of follow-up.
We used the Kaplan—Meier estimator with daily
outcome events to compute the probability (risk)
of the outcome during the period. We then cal-
culated 24-week risk differences and risk ratios
between the vaccination groups. We conducted
subgroup analyses according to age (<70 or 270
years) and race (Black or White). Nonparametric
bootstrapping with 500 samples was used to cal-
culate percentile-based 95% confidence intervals
for all estimates.
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6,216,033 Veterans =18 yr of age without
a previously documented SARS-CoV-2
infection or Covid-19 vaccination
as of January 4, 2021, were
identified in the VA database

3,103,470 Were vaccinated
before May 15, 2021

2,124,020 Were excluded
27,355 Had a previously
documented SARS-
CoV-2 infection
before the vaccination
date
81,022 Had an interaction
with the health care
system within 3 days
before the vaccination
date
61,323 Did not have a known
residential address or
were in long-term care
317,172 Were determined not
to be a user of the VA
health care system in
the past year
1,237,833 Did not have recent
data on body-mass
index or smoking
status
399,315 Had an incomplete
Covid-19 vaccination
record

979,450 Were evaluated for
inclusion in the study

423,313 Received the
BNT162b2 vaccine

512,719 Received the
mRNA-1273 vaccine

367,113 Attended a VA station
that administered the mRNA-1273
vaccine and were eligible for
subsequent analyses

219,842 Were included
in the matched cohort

1:1

397,690 Attended a VA station
that administered the BNT162b2
vaccine and were eligible for
subsequent analyses

Matching

219,842 Were included
in the matched cohort

Figure 1. Selection of Persons for the Emulation of a Target Trial Evaluating

the Comparative Effectiveness of the BNT162b2 and mRNA-1273 Vaccines
during a Period Marked by SARS-CoV-2 Alpha-Variant Predominance

(January 4-July 1, 2021).

There were 43,418 recipients of the Ad26.COV2.S (Johnson & Johnson—

Janssen) vaccine, which was not studied here. SARS-CoV-2 denotes severe
acute respiratory syndrome coronavirus 2, and VA Department of Veterans

Affairs.
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Analyses were performed with R software,
version 3.6.0 (R Foundation for Statistical Com-
puting), and SAS software, version 8.2 (SAS In-
stitute). Information on authors’ contributions to
the study is provided in the Supplementary Meth-
ods 3 section in the Supplementary Appendix.
The first and last authors vouch for the accuracy
and completeness of the data presented in this
report.

RESULTS

STUDY POPULATION AND FOLLOW-UP

Among the 3,103,470 veterans who received their
first dose of any Covid-19 vaccine between Janu-
ary 4 and May 14, 2021, a total of 367,113 re-
cipients of the BNT162b2 vaccine and 397,690
recipients of the mRNA-1273 vaccine were eligi-
ble for the study (Fig. 1). Among these vaccine
recipients, 219,842 of those who received the
BNT162b2 vaccine were matched to 219,842 of
those who received the mRNA-1273 vaccine. The
matched population was similar to the eligible
population with respect to baseline demograph-
ic and clinical characteristics (Table S3). The base-
line characteristics of the matched population
are shown in Table 1. All measured variables were
well-balanced between the two vaccine groups
(Fig. S1).

The median follow-up period was 126 days
(interquartile range, 107 to 147). Over a 24-week
follow-up period, 2016 SARS-CoV-2 infections
were documented, of which 559 (28%) were de-
tected as symptomatic Covid-19 within the VA
health care system, 411 led to hospitalization,
125 led to ICU admission, and 81 resulted in death.
Adherence to vaccine-deployment protocols was
strict in this population: among persons who
received a dose of the BNT162b2 vaccine and
had at least 21 days of follow-up, 99% received a
second dose of the vaccine (of whom 93% re-
ceived it before day 24 and 97% 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).

Corresponding information for the matched
population of veterans vaccinated between July 1
and September 20, 2021, in the analysis of the
period marked by delta-variant predominance is
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provided in the Supplemental Results 1 section
in the Supplementary Appendix.

VACCINE EFFECTIVENESS

Figure 2 shows the cumulative incidence curves
for the study outcomes in each vaccine group
during the period marked by alpha-variant pre-
dominance. The absolute risks of the outcomes
were low in both groups (Table 2). For example,
over a 24-week period, the estimated risk of
documented infection was 5.75 events per 1000
persons (95% confidence interval [CI], 5.39 to 6.23)
for the BNT162b2 vaccine and 4.52 events per 1000
persons (95% CI, 4.17 to 4.84) for the mRNA-1273
vaccine. As expected, we found a nearly identical
risk pattern in the two vaccine groups in the evalu-
ations of symptomatic Covid-19 in the first 10 days
after the first vaccine dose (Fig. S2) and non-
Covid-19-related death during follow-up (Fig. S3).

The 24-week risk ratios for recipients of the
BNT162b2 vaccine as compared with recipients
of the mRNA-1273 vaccine were 1.27 (95% ClI,
1.15 to 1.42) for documented SARS-CoV-2 infec-
tion, 1.39 (95% CI, 1.21 to 1.70) for symptom-
atic Covid-19, 1.70 (95% CI, 1.42 to 2.24) for
hospitalization for Covid-19, 1.38 (95% CI, 1.01
to 2.42) for ICU admission for Covid-19, and 1.11
(95% CI, 0.69 to 1.91) for death from Covid-19
(Table 2). The risk differences (BNT162b2 minus
mRNA-1273), expressed as events over 24 weeks
per 1000 persons, were 1.23 (95% CI, 0.72 to 1.81)
for documented infection, 0.44 (95% CI, 0.25 to
0.70) for symptomatic Covid-19, 0.55 (95% CI,
0.36 to 0.83) for hospitalization for Covid-19,
0.10 (95% CI, 0.00 to 0.26) for ICU admission for
Covid-19, and 0.02 (95% CI, —0.06 to 0.12) for
death from Covid-19. On the basis of these esti-
mates, the estimated number needed to vaccinate
with mRNA-1273 instead of BNT162b2 during the
study period would be 813 (95% CI, 552 to 1389)
to prevent one case of documented infection,
2273 (95% CI, 1429 to 4000) to prevent one case
of symptomatic Covid-19, and 1818 (95% CI, 1205
to 2778) to prevent one case of Covid-19 hospital-
ization. Estimates were similar across subgroups
defined at baseline on the basis of age and race
(Table 3).

The 12-week risk of documented SARS-CoV-2
infection in a period marked by delta-variant pre-
dominance was also higher with the BNT162b2
vaccine than with the mRNA-1273 vaccine: the

risk ratio was 1.58 (95% CI, 0.85 to 2.33), and
the risk difference was 6.54 events per 1000 per-
sons (95% CI, —2.58 to 11.82) (see the Supplemen-
tal Results 1 section in the Supplementary Ap-
pendix). As compared with the matched population
during the period marked by alpha-variant pre-
dominance, the matched population during the
period marked by delta-variant predominance was,
on average, younger; included higher percentag-
es of Black persons, current smokers, and persons
who had received no influenza vaccinations in
the previous 5 years at a VA facility; and included
a lower percentage of persons with coexisting
conditions (Table S3).

DISCUSSION

We quantified the comparative effectiveness of
the BNT162b2 and mRNA-1273 vaccines for the
prevention of Covid-19 outcomes in the largest in-
tegrated health care system in the United States.
The risks of outcomes were low, regardless of
the vaccine received. Recipients of the BNT162b2
vaccine had a 27% higher risk of documented
SARS-CoV-2 infection and a 70% higher risk of
hospitalization for Covid-19 than recipients of
the mRNA-1273 vaccine over 24 weeks of follow-
up in a period marked by alpha-variant predomi-
nance. We also found a higher risk of document-
ed infection among recipients of BNT162b2 than
among recipients of mRNA-1273 over 12 weeks
of follow-up in a period marked by delta-variant
predominance, although the estimate was less
precise because of the smaller number of eligible
persons.

Our findings are consistent with those of
studies that have reported a higher SARS-CoV-2—
binding antibody response among recipients of
the mRNA-1273 vaccine than among recipients of
the BNT162b2 vaccine.”® Although these studies
did not measure neutralizing antibodies, a re-
cent unpublished report showed a lower risk of
Covid-19 outcomes among recipients of mRNA-
1273 than among recipients of BNT162b2 in the
Mayo Clinic Health System (a study population
that was approximately 95% White).” However,
the interpretation of this finding is not straight-
forward because the analyses were conditional
on postbaseline factors (the study population was
restricted to persons who underwent at least one
SARS-CoV-2 PCR test during follow-up) and in-
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Table 1. Baseline Characteristics of Matched Persons in the Target-Trial Emulation Evaluating the Comparative
Effectiveness of the BNT162b2 and mRNA-1273 Vaccines during a Period Marked by Alpha-Variant Predominance
(January 4-July 1, 2021).*

BNT162b2 Recipients mRNA-1273 Recipients
Characteristic (N=219,842) (N=219,842)
Median age (IQR) — yr 69 (60-74) 69 (60-74)
Age group — no. (%)
18-39 yr 9,097 (4.1) 9,097 (4.1)
40-49 yr 12,222 (5.6) 12,222 (5.6)
50-59 yr 31,055 (14.1) 31,055 (14.1)
60-69 yr 60,256 (27.4) 60,256 (27.4)
70-79 yr 84,459 (38.4) 84,459 (38.4)
>80 yr 22,753 (10.3) 22,753 (10.3)
Sex — no. (%)
Male 203,726 (92.7) 203,726 (92.7)
Female 16,116 (7.3) 16,116 (7.3)
Race — no. (%)t
White 163,759 (74.5) 163,759 (74.5)
Black 44,967 (20.5) 44,967 (20.5)
Other 4,380 (2.0) 4,380 (2.0)
Unknown 6,736 (3.1) 6,736 (3.1)
Ethnic group — no. (%)
Not Hispanic 198,649 (90.4) 193,108 (87.8)
Hispanic 14,939 (6.8) 20,493 (9.3)
Unknown 6,254 (2.8) 6,241 (2.8)
Urban residence — no. (%) 161,023 (73.2) 161,023 (73.2)
Smoking status — no. (%)
Never 75,341 (34.3) 73,711 (33.5)
Former 70,347 (32.0) 66,141 (30.1)
Current 74,154 (33.7) 79,990 (36.4)
Coexisting conditions — no. (%)
Chronic lung diseasex: 36,793 (16.7) 40,166 (18.3)
Cardiovascular disease§ 60,311 (27.4) 60,423 (27.5)
Hypertension 139,451 (63.4) 142,733 (64.9)
Diabetes 73,884 (33.6) 80,061 (36.4)
Chronic kidney disease 21,100 (9.6) 22,186 (10.1)
Liver disease 859 (0.4) 784 (0.4)
Cancerq| 30,870 (14.0) 29,151 (13.3)
Immunocompromised state| 17,872 (8.1) 17,537 (8.0)
Obesity 101,740 (46.3) 102,280 (46.5)
No. of primary care visits in the past 5 yr — no. (%)
1-9 30,788 (14.0) 25,271 (11.5)
10-19 72,752 (33.1) 70,081 (31.9)
20-29 53,420 (24.3) 55,660 (25.3)
=30 62,882 (28.6) 68,830 (31.3)
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Table 1. (Continued.)

Characteristic
No. of influenza vaccinations in the past 5 yr — no. (%)
0
lor2
3or4
=5

BNT162b2 Recipients mRNA-1273 Recipients
(N=219,842) (N=219,842)
29,515 (13.4) 29,355 (13.4)
39,765 (18.1) 39,085 (17.8)
70,086 (31.9) 70,313 (32.0)
80,476 (36.6) 81,089 (36.9)

Persons included in this target-trial emulation received a first dose of BNT162b2 or mRNA-1273 between January 4
and May 14, 2021. Percentages may not total 100 because of rounding. IQR denotes interquartile range.

T Race and ethnic group were reported by each person in the database.

4 Chronic lung disease included asthma, bronchitis, and chronic obstructive pulmonary disease.

§ Cardiovascular disease included acute myocardial infarction, cardiomyopathy, cerebrovascular disease, coronary heart

disease, heart failure, and peripheral vascular disease.

9 Not included here are nonmelanoma skin cancer, benign neoplasms, cancers in situ, and neoplasms of uncertain

behavior.

| Immunocompromised states included human immunodeficiency virus infection, organ or tissue transplantation,
bone marrow biopsy, or the use of any of the following medications (prescribed two or more times during the previ-
ous year): systemic glucocorticoids, antiinflammatory or antirheumatic agents in combination with glucocorticoids,

and immunosuppressants.

* Obesity was defined as a body-mass index (the weight in kilograms divided by the square of the height in meters) of

30 or greater.

cluded few events for severe Covid-19 outcomes.’
In another report, effectiveness against Covid-19
hospitalization was evaluated separately for each
mRNA vaccine as compared with no vaccination
in two case—control studies.”” An indirect com-
parison of the results from the two case—control
studies suggests that mRNA-1273 was more effec-
tive than BNT162b2 if the controls from both stud-
ies had similar characteristics, but the case—control
design precluded estimation of absolute risk.

A difference in effectiveness between the
BNT162b2 and mRNA-1273 vaccines might be
the result of the different mRNA content of the
vaccines (100 ug for mRNA-1273 vs. 30 ug for
BNT162b2), the different interval between the
priming and boosting doses (4 weeks for mRNA-
1273 vs. 3 weeks for BNT162b2), or other factors,
such as the lipid composition of the nanoparti-
cles used for packaging the mRNA content."*°

Our study has several strengths. First, the VA
health care databases capture rich data on de-
mographic factors, medical records, laboratory
test results (for the outcome of documented in-
fection), and health care encounters in both out-
patient settings (for the outcome of symptomatic
Covid-19) and inpatient settings (for outcomes
related to severe Covid-19) for millions of per-
sons nationwide, with nightly updates that allow
for nearly real-time analyses. The richness of
these data allowed us to characterize recipients

of each vaccine type with high resolution and to
closely match them according to key confound-
ers. Second, the large size of the study population
allowed us to evaluate the comparative effective-
ness of mRNA-based vaccines with respect to less
common Covid-19 outcomes (including 411 hos-
pitalizations, 125 ICU admissions, and 81 deaths).
Third, the demographic composition of the U.S.
veteran population allowed us to provide evidence
for a diverse cohort (21% Black and 8% Hispanic),
as well as to conduct subgroup analyses among
older persons (270 years of age) and Black per-
sons, who have been disproportionately affected
by Covid-19 yet are often underrepresented in bio-
medical research.!

Our study also has several potential limita-
tions. First, as in any observational analysis,
assignment to a particular vaccine was not ran-
domized. If the two vaccine groups had different
distributions of risk factors, the effect estimates
would be confounded. However, we rigorously
matched recipients of each vaccine type; the vac-
cine groups were similar with respect to their
demographic characteristics, medical history, and
markers of health care utilization (e.g., number
of primary care visits and number of influenza
vaccinations in the previous 5 years); and much
less confounding is expected when comparing
recipients of different vaccines than when com-
paring vaccinated and unvaccinated persons. In
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Figure 2. Cumulative Incidence of Covid-19 Outcomes during a Period Marked by SARS-CoV-2 Alpha-Variant Predominance (January 4—

Shaded areas represent pointwise 95% confidence intervals. ICU denotes intensive care unit.

addition, our two analyses involving negative out-
come controls” suggested little confounding.
Second, the possibility of outcome misclassifica-
tion cannot be ruled out if veterans obtained
care outside the VA health care system. However,
our use of the VA Covid-19 National Surveillance
Tool allowed us to integrate data on laboratory
tests with natural language processing of clini-
cal notes to capture infections documented in-
side and outside the VA health care system. Fur-

112 N ENGL J MED 386;2

thermore, our eligibility criteria were designed to
select regular VA users with a known residential
address to improve outcome ascertainment. Even
in the presence of residual misclassification, we
would expect this to be nondifferential between
the vaccination groups under comparison; non-
differential misclassification would have minimal
influence on the relative measures of effect, al-
though the absolute risks may have been slightly
underestimated. Finally, our study population was
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Table 2. Estimated Comparative Effectiveness of the BNT162b2 and mRNA-1273 Vaccines during a Period Marked by Alpha-Variant
Predominance (January 4-July 1, 2021).*

Risk Difference Risk Ratio

Covid-19 Outcome No. of Events 24-Wk Risk (95% CI) (95% ClI) (95% ClI)
BNT162b2 mRNA-1273 BNT162b2 mRNA-1273
events/1000 persons events/1000 persons

Documented infection 1135 881 5.75(5.39t06.23) 4.52 (4.17to 4.84) 1.23 (0.72 to 1.81) 1.27 (1.15 to 1.42)
Symptomatic Covid-19 327 232 157 (1.42t0 1.76)  1.13 (0.96t0 1.27)  0.44 (0.25 t0 0.70) 1.39 (1.21 to 1.70)
Hospitalization 258 153 1.33 (1.16t0 1.57)  0.78 (0.64 t0 0.91)  0.55 (0.36 to 0.83) 1.70 (1.42 to 2.24)
ICU admission 77 48 0.36 (0.30t0 0.47) 0.26 (0.17t0 0.36)  0.10 (0.00 to 0.26) 1.38 (1.01 to 2.42)
Death 43 38 0.22 (0.15t00.27)  0.20 (0.12t00.26)  0.02 (-0.06 t00.12)  1.11 (0.69 to 1.91)

Persons newly vaccinated with BNT162b2 were matched in a 1:1 ratio to persons newly vaccinated with mRNA-1273 according to the fol-
lowing variables: calendar date, age, sex, race, urbanicity of residence, and geographic location coded as categories of Veterans Integrated
Services Network. Cl denotes confidence interval, Covid-19 coronavirus disease 2019, and ICU intensive care unit.

Table 3. Estimated Comparative Effectiveness of the BNT162b2 and mRNA-1273 Vaccines in Subgroups Based on Age and Race during a
Period Marked by Alpha-Variant Predominance (January 4-July 1, 2021).*

Subgroup and Covid-19 Risk Difference Risk Ratio
Outcome No. of Eventsy 24-Wk Risk (95% ClI) (95% ClI) (95% ClI)
BNT162b2 mRNA-1273 BNT162b2 mRNA-1273
events/1000 persons events/1000 persons

Age, <70 yr

Documented infection 516 409 5.02 (4.46t05.39) 4.56 (3.70to 5.55) 0.46 (-0.65to 1.43) 1.10 (0.88 to 1.39)
Symptomatic Covid-19 142 91 1.30 (1.14to 1.58)  0.91 (0.76 to 1.27)  0.38 (0.00 to 0.68)  1.42 (1.00 to 1.84)
Hospitalization 102 50 1.03 (0.76 t0 1.23)  0.48 (0.42t0 0.72) 0.54 (0.16t0 0.70)  2.12 (1.23 to 2.48)
ICU admission 32 20 0.29 (0.17t0 0.40)  0.19 (0.12t0 0.31) 0.10 (-0.08 to 0.21)  1.49 (0.73 to 2.43)
Death — — — — — —

Age, =70 yr

Documented infection 608 497 6.31 (5.81t06.84) 4.95(4.23t05.17) 1.36 (0.93t02.31)  1.27 (1.19to 1.53)
Symptomatic Covid-19 179 137 1.72 (1.49t0 2.01) 1.33 (1.01to1.46) 0.39 (0.15t00.89)  1.30 (1.11 to 1.82)
Hospitalization 150 109 154 (1.35t01.93) 1.07(0.73t01.13) 0.47 (0.31to1.06)  1.43 (1.28 to 2.36)
ICU admission 48 29 0.46 (0.36t0 0.61)  0.31 (0.17t0 0.39) 0.15 (0.03 t0 0.38)  1.47 (1.07 to 3.16)
Death 29 22 0.29 (0.21t0 0.44)  0.21 (0.14t0 0.31) 0.08 (-0.04 to 0.24) 1.37 (0.87 to 2.42)
Race, White

Documented infection 837 660 5.60 (5.33t0 6.25)  4.69 (4.06 to 4.86) 0.90 (0.75 to 1.97) 1.19 (1.16 to 1.48)
Symptomatic Covid-19 246 178 156 (1.39t0 1.83)  1.14 (0.98t0 1.34) 0.42 (0.16t00.76)  1.37 (1.13 to 1.74)
Hospitalization 190 118 133 (1.11to 1.65)  0.80 (0.62t00.93) 0.52 (0.30t00.90)  1.65 (1.35 to 2.36)
ICU admission 54 42 0.34 (0.27t0 0.46)  0.30 (0.18t0 0.38) 0.04 (-0.06 to 0.24)  1.13 (0.85 to 2.22)
Death 34 28 0.24 (0.17t0 0.33)  0.18 (0.11t0 0.25)  0.05 (-0.04 t0 0.19)  1.30 (0.83 to 2.60)
Race, Black

Documented infection 219 201 5.95(4.93t07.12) 5.01 (4.06t05.72) 0.94 (-0.20t02.52) 1.19 (0.96 to 1.57)
Symptomatic Covid-19 58 42 137 (1.12t0 1.82)  1.04 (0.82t0 1.58) 0.33 (-0.21t0 0.84) 1.32 (0.86 to 1.95)
Hospitalization 49 36 122 (091to 1.71) 0.86 (0.55t0 1.16) 0.36 (-0.01t0 0.93) 1.43 (0.99 to 2.56)

ICU admission
Death

* Persons newly vaccinated with BNT162b2 were matched in a 1:1 ratio to persons newly vaccinated with mRNA-1273 according to the follow-

ing variables: calendar date, age, sex, race (except for subgroup analyses restricted to race), urbanicity of residence, and geographic location
coded as categories of Veterans Integrated Services Network. Estimates were calculated only in analyses in which there were more than 10
outcome events in the vaccine groups under comparison.

The sum of events across subgroups may not equal the sum of events in the overall population because the entire analysis (including
matching) was repeated after stratification of the population according to baseline characteristics.
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mostly made up of men (93%) and older persons
(90% were >50 years of age), which may limit the
generalizability of our findings.

Although this study provides evidence of po-
tentially different effectiveness of the BNT162b2
and mRNA-1273 vaccines, any choice between two
vaccines must also take their comparative safety
into consideration, and safety was not studied
here. Head-to-head comparisons of the BNT162b2
and mRNA-1273 vaccines for safety outcomes are
lacking, but early randomized trials identified only
transient local and systemic reactions (e.g., pain
at the injection site and headache) that are com-
mon among other viral vaccines,* and observa-
tional studies and surveillance efforts have
confirmed the safety of these vaccines for the
population overall.'?!® In fact, even with respect
to events for which the risk is increased after
vaccination, the risk is even greater after natural
infection with SARS-CoV-2 than after vaccination.”
Given the high effectiveness and the safety pro-
file of both mRNA vaccines, either vaccine is
strongly recommended.™*"

In summary, although the absolute risks of
each studied outcome were low in both vaccine
groups, this study involving a nationwide cohort
of U.S. veterans provides evidence of a lower
24-week risk of Covid-19—related outcomes among
recipients of the mRNA-1273 vaccine than among
recipients of the BNT162b2 vaccine. This pattern

was consistent across periods marked by alpha-
variant and delta-variant predominance. Further
evaluation of the comparative effectiveness and
safety of these vaccines is needed.
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