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W Check for updates

Vaccination against SARS-CoV-2 has been effective in reducing the burden
of severe disease and death from COVID-19. Third doses of mRNA-based
vaccines have provided a way to address waning immunity and broaden
protection against emerging SARS-CoV-2 variants. However, their
comparative effectiveness for a range of COVID-19 outcomes across diverse
populationsis unknown. We emulated a target trial using electronic health
records of US veterans who received a third dose of either BNT162b2 or
mRNA-1273 vaccines between 20 October 2021 and 8 February 2022, during
aperiod thatincluded Delta- and Omicron-variant waves. Eligible veterans
had previously completed an mRNA vaccine primary series. We matched
recipients of each vaccineinal:1ratio according torecorded risk factors.
Each vaccine group included 65,196 persons. The excess number of events
over 16 weeks per 10,000 persons for BNT162b2 compared with mRNA-
1273 was 45.4 (95% CI:19.4, 84.7) for documented infection, 3.7 (2.2,14.1)

for symptomatic COVID-19,10.6 (5.1,19.7) for COVID-19 hospitalization,

2.0 (-3.1, 6.3) for COVID-19 intensive care unit admission and 0.2 (-2.2, 4.0)
for COVID-19 death. After emulating a second target trial of veterans who
received athird dose between1January and 1 March 2022, during a period
restricted to Omicron-variant predominance, the excess number of events
over 9 weeks per 10,000 persons for BNT162b2 compared with mRNA-1273
was 63.2(95% Cl:15.2,100.7) for documented infection. The 16-week risks of
COVID-19 outcomes were low after a third dose of mMRNA-1273 or BNT162b2,
although risks were lower with mRNA-1273 than with BNT162b2, particularly
for documented infection.

Additional doses of messenger RNA (mRNA)-based vaccinesarebeing  of the effectiveness of a third dose of different mRNA-based vaccines
widely deployed to counter waning immunity and broaden protec- have been lacking.

tion against emerging variants of severe acute respiratory syndrome Inaprevious head-to-head comparison of breakthrough COVID-19
coronavirus 2 (SARS-CoV-2)"2. However, head-to-head comparisons  outcomes after the first dose of the BNT162b2 (Pfizer-BioNTech)
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3,175,771 veterans 265 yr old, or veterans 18-64 yr old with high risk of severe COVID-19 between 20 October 2021
and 18 November 2021, or veterans 218 yr old between 19 November 2021 and 8 February 2022, with documented receipt
of the second dose of an mRNA COVID-19 vaccine at least 6 months earlier were identified in the VA database

1,170,681 received a third
dose of BNT162b2 or mRNA-
1273 before 8 February 2022

Had an interaction with the healthcare
system within 3 d before the vaccination
date (39,382)

Did not have a known residential address or
were in long-term care (28,735)

Were not determined to be a user of the VA
healthcare system in the past year (26,403)
Did not have recent data on body-mass index
or smoking (392,102)

Had an incomplete COVID-19 vaccination
record (256,429)

427,630 were evaluated for
inclusion in the study

170,748 received a
BNT162b2 third dose

256,882 received an
mRNA-1273 third dose

147,553 attended a VA

214,728 attended a VA

station that administered the
mMRNA-1273 vaccine and
were eligible for subsequent
analyses

65,196 were included in the

1:1

station that administered the
BNT162b2 vaccine and were
eligible for subsequent
analyses

65,196 were included in the

matched cohort

matching matched cohort

Fig.1|Selection of persons for the emulation of a target trial evaluating the comparative effectiveness of a third dose of BNT162b2 and mRNA-1273 vaccines.
Selection was conducted during a period spanning Delta- and Omicron-variant predominance (20 October 2021 to 8 February 2022).

and mRNA-1273 (Moderna) vaccines among 439,684 US veterans
aged >18 yr, we found a low risk of documented infection and severe
COVID-19 outcomes (for example, hospitalization and death) in a
period marked by SARS-CoV-2 Alpha-variant predominance in both
vaccine groups, butlower risk for the mRNA-1273 vaccine (with a similar
pattern for documented infectionin a period marked by Delta-variant
predominance)’. Itis unclear whether the same findings apply to third
doses and a range of COVID-19 outcomes in periods marked by other
SARS-CoV-2 variants, including Omicron.

Areportfrom Spain estimated athird dose of mMRNA-1273 tobe 13%
more effective thanathird dose of BNT162b2 for the prevention of doc-
umented SARS-CoV-2infection during a period of Omicron-variant pre-
dominance®. In other reports, effectiveness of mMRNA-based vaccines
against symptomatic COVID-19 was analysed separately for each third
dose compared with no vaccination® (or with the primary vaccination
series®). These comparisons provide indirect evidence for compara-
tive effectiveness but only if the comparators from each analysis had

similar characteristics. Additional studies are needed to compare the
effectiveness of athird dose of these vaccines head-to-head for severe
COVID-19 outcomes to inform the choice of vaccine in coordinated
public healthresponses. Ideally, any comparative effectiveness study
shouldincluderacially diverse groups, evaluate potential differences
ineffectiveness according to time since the completion of the primary
vaccination series and separately address time frames that include
predominance of different SARS-CoV-2 variants.

Here we analysed data from the national healthcare databases of
the Department of Veterans Affairs (VA), the largestintegrated health-
care system in the US, to compare the effectiveness of a third dose of
eitherthe BNT162b2 or the mRNA-1273 vaccine among US veterans who
had completed an mRNA vaccine primary series and received a third
dosebetween (1) 20 October 2021 and 8 February 2022 (a period span-
ning Delta-and Omicron-variant predominance) or (2) 1Januaryand1
March 2022 (a period restricted to Omicron-variant predominance).
Recipients of each vaccine were matchedinal:1ratioaccordingtotheir
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Table 1| Baseline characteristics of matched personsin
the target trial emulation evaluating the comparative
effectiveness of a third dose of BNT162b2 and mRNA-
1273 vaccines during a period spanning Delta- and
Omicron-variant predominance

Characteristic BNT162b2 mRNA-1273
recipients recipients

(N=65,196) (N=65,196)
Heterologous 3,278 (5.0) 2,274 (3.5)

No. of SARS-CoV-2 tests performed in the past year, no. (%)

Characteristic BNT162b2 mRNA-1273
recipients recipients
(N=65,196) (N=65,196)
Median age (IQR) (yr) 70.0 (62.0, 74.0) 70.0 (62.0, 74.0)
Age group, no. (%)
18-39yr 1,005 (1.5) 1,028 (1.6)
40-49yr 2,247 (3.4) 2,217 (3.4)
50-59yr 8,687 (13.3) 8,614 (13.2)
60-69yr 20,029 (30.7) 20,092 (30.8)
70-79yr 27,623 (42.4) 27,635 (42.4)
>80yr 5,605 (8.6) 5,610 (8.6)
Sex, no. (%)
Male 62,485 (95.8) 62,485 (95.8)
Female 2,71 (4.2) 271 (4.2)
Race, no. (%)
Black 15,365 (23.6) 15,365 (23.6)
Other 705 (1.1) 705 (1.1)
Unknown 1,013 (1.6) 1,013 (1.6)
White 48113 (73.8) 48,113 (73.8)
Ethnicity, no. (%)
Hispanic 4,224 (6.5) 5,878 (9.0)
Not Hispanic 59,446 (91.2) 57,848 (88.7)
Unknown 1,526 (2.3) 1,470 (2.3)
Urban residence, no. (%) 50,919 (78.1) 50,919 (78.1)
Smoking status, no. (%)
Current 21,926 (33.6) 23,013 (35.3)
Former 21,517 (33.0) 20,234 (31.0)
Never 21,753 (33.4) 21,949 (33.7)

Coexisting conditions, no. (%)

Chronic lung disease® 10,715 (16.4) 11,913 (18.3)
Cardiovascular disease® 18,341(28.1) 18,589 (28.5)
Hypertension 42,726 (65.5) 44,320 (68.0)
Diabetes 23,053 (35.4) 25,414 (39.0)
Chronic kidney disease 6,163 (9.5) 6,889 (10.6)
Chronic liver disease 2,540 (3.9) 2,241(3.4)
Cancer® 8,877 (13.6) 8,936 (13.7)
Immunocompromised state? 3,707 (5.7) 4,213 (6.5)
Obesity® 30,091(46.2) 30,714 (471)
Dementia 1,165 (1.8) 1,089 (1.7)
Substance use disorder 5164 (7.9) 5,211(8.0)

Months since completion of MRNA COVID-19 vaccine primary series, no. (%)

6-7 20,259 (31.1) 20,071(30.8)
8 25,951(39.8) 26,077 (40.0)
29 18,986 (29.1) 19,048 (29.2)

Vaccine type for mMRNA COVID-19 vaccine primary series (compared with third

dose type), no. (%)

Homologous

61,918 (95.0)

62,922 (96.5)

(0] 43,527 (66.8) 43,527 (66.8)
1 10,868 (16.7) 10,868 (16.7)
>2 10,801 (16.6) 10,801 (16.6)
No. of primary care visits in the past 5yr, no. (%)

1-9 4,541 (7.0) 3,545 (5.4)
10-19 21,014 (32.2) 18,301(28.1)
20-29 18,356 (28.2) 18,833 (28.9)
>30 21,285 (32.6) 24,517 (37.6)
No. of influenza vaccinations in the past 5yr, no. (%)

0 9,240 (14.2) 7,667 (11.8)
Tor2 11,974 (18.4) 10,120 (15.5)
3or4 23,236 (35.6) 22,222 (34.)
>5 20,746 (31.8) 25,187 (38.6)

Persons included in this target trial emulation received a third dose of BNT162b2 or mRNA-
1273 between 20 October 2021 and 8 February 2022.

2Chronic 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. °Not included here are non-melanoma skin cancer, benign neoplasms, cancers

in situ and neoplasms of uncertain behaviour. “lmmunocompromised state included
human immunodeficiency virus infection, organ or tissue transplant, bone marrow biopsy,
or use of any of the following medications (prescribed >2 times over the past year):
systemic glucocorticoids, anti-inflammatory or anti-rheumatic 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 metres) of 30 or greater. IQR,
interquartile range. Percentages may not total to 100% because of rounding.

risk factors. Comparative effectiveness was estimated over 16 weeksin
the combined Delta-Omicron period and over 9 weeks inthe Omicron
period for five COVID-19 outcomes: documented SARS-CoV-2 infection,
symptomatic COVID-19 and COVID-19-related hospitalization, admis-
sionto anintensive care unit (ICU) and death.

Results

Primary analyses during a period spanning SARS-CoV-2 Delta-
and Omicron-variant predominance

Study population and follow-up. Among 147,553 eligible recipients of
aBNT162b2 third dose and 214,728 eligible recipients of an mRNA-1273
third dose, 65,196 BNT162b2 recipients were matched to 65,196 mRNA-
1273 recipients (Fig. 1). The baseline characteristics of this matched
population (Table 1) were similar to those of the eligible population
(Supplementary Table 1). The median age was 70 yr (interquartile
range, 62-74 yr), 96% of individuals were male and 24% were Black.
The two vaccine groups had similar distributions of demographics,
coexisting conditions and markers of healthcare utilization (see also
Extended DataFig.1).

The median follow-up was 77 d (interquartile range, 61to 97 d).
Over a 16-week-follow-up, 2,994 SARS-CoV-2 infections were docu-
mented, of which200 were detected as symptomatic COVID-19 within
the VA healthcare system, 194 required hospitalization, 52 required ICU
admission and 22 resulted in death.

Comparative effectiveness. Over a 16-week period spanning Delta-
and Omicron-variant predominance, the estimated risk of documented
infection was 353.9 (95% Cl: 326.7,373.2) events per 10,000 persons for
the BNT162b2 third dose and 308.5 (95% ClI: 276.8, 320.9) events per
10,000 persons for the mRNA-1273 third dose (Fig. 2). As expected, we
found a nearly identical risk pattern in the two vaccine groups in the
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Fig.2| Cumulative incidence of Covid-19 outcomes during a period spanning
Delta- and Omicron-variant predominance (20 October 2021 to 15 February
2022).a-e, Documented SARS-CoV-2 infection (a), symptomatic COVID-19

(b), COVID-19 hospitalization (c), COVID-19 ICU admission (d) and COVID-19
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deaths (e) during a period spanning Delta- and Omicron-variant predominance
(20 October 2021 to 15 February 2022). Solid blue line represents the risk curve

for BNT162b2, dashed orange line represents the risk curve for mRNA-1273 and

shaded areas represent pointwise 95% confidence intervals.

evaluations of two negative outcome controls’: symptomatic COVID-19
during the first 7 d after the third vaccine dose (Extended Data Fig. 2)
and death from causes other than COVID-19 during follow-up (Extended
DataFig.3).

The estimated 16-week risk ratios (95% CI) for recipients of a third
dose of BNT162b2 as compared with mRNA-1273 were 1.15 (1.06,1.30)
fordocumented SARS-CoV-2infection,1.21(1.12,2.14) for symptomatic
COVID-19,1.64 (1.27,2.79) for COVID-19 hospitalization,1.37 (0.67,3.14)
for COVID-19 ICU admission and 1.08 (0.46, 6.39) for COVID-19 death

(Table2). The estimated risk differences (BNT162b2 minus mRNA-1273),
expressed as events over 16 weeks per 10,000 persons (95% Cl), were
45.4 (19.4, 84.7) for documented SARS-CoV-2 infection, 3.7 (2.2, 14.1)
for symptomatic COVID-19,10.6 (5.1,19.7) for COVID-19 hospitaliza-
tion, 2.0 (3.1, 6.3) for COVID-19 ICU admission and 0.2 (-2.2, 4.0) for
COVID-19 death.

Estimates were similar across subgroups defined at baseline
according to age, race, months since completion of COVID-19 vaccine
primary series (Table 3) and by vaccine type of primary series (risk
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Table 2 | Estimated comparative effectiveness of a third dose of BNT162b2 and mRNA-1273 vaccines during a period
spanning Delta- and Omicron-variant predominance (20 October 2021 to 15 February 2022)

COVID-19 outcomes No. of events

16-week risk no. of events/10,000 persons

Risk difference no. of Risk ratio (95% Cl)

(95% Cl) events/10,000 persons (95% Cl)
BNT162b2 mRNA-1273 BNT162b2 mRNA-1273 BNT162b2 vs mRNA-1273
Documented infection® 1,640 1,354 353.9(326.7,373.2)  308.5(276.8, 320.9) 45.4(19.4,84.7) 1.15(1.06, 1.30)
Symptomatic COVID-19 1n4 86 21.6 (18.3, 27.9) 17.9 (11.2,18.3) 3.7(2.2,14.) 1.21(112,214)
Hospitalization 126 68 27.2(21.7,32.7) 16.6 (10.2,20.2) 10.6 (5.1,19.7) 1.64(1.27,2.79)
ICU admission 33 19 7.5(4.8,10.5) 5.5(2.6,10.0) 2.0(-31,6.3) 1.37 (0.67, 3.14)
Death 13 9 2.9(16,5.5) 27(0.6,4.9) 0.2(-2.2,4.0) 1.08 (0.46, 6.39)

Recipients of a third dose of the BNT162b2 vaccine were matched in a 1:1 ratio to recipients of a third dose of the mRNA-1273 vaccine according to the following variables: calendar date of third
dose, calendar month of second mRNA vaccine dose, age, sex, race, urbanicity of residence, geographic location coded as categories of Veterans Integrated Services Network and number of

SARS-CoV-2 tests performed in the past year.

2The number of tests for SARS-CoV-2 infection recorded during the study follow-up was 14,595 for the BNT162b2 group and 14,502 for the mRNA-1273 group. Cl, confidence interval.

ratio for documented infection comparing a third dose of BNT162b2 vs
mRNA-1273,1.19 (0.98, 2.65) among recipients of aBNT162b2 primary
series, 1.04 (0.84, 2.32) among recipients of an mRNA-1273 primary
series). Estimates were also similar in sensitivity analyses that excluded
eligible individuals with previously documented SARS-CoV-2 infection
(6.3%), those who did not receive ahomologous COVID-19 vaccine pri-
mary series (3.3%) and those whose third dose could not be identified
asabooster dose (17.2%) (data not shown).

Secondary analyses during a period of SARS-CoV-2
Omicron-variant predominance

Study population and follow-up. Among 25,557 eligible recipients of
aBNT162b2 third dose and 36,809 eligible recipients of an mRNA-1273
third dose, 7,894 BNT162b2 recipients were matched to 7,894 mRNA-
1273 recipients. Compared with the eligible population, the matched
population was generally similar with respect to baseline demographic
and clinical characteristics but included a higher percentage of men,
Whiteindividuals, individuals with an urbanresidence and individuals
whohadreceived no SARS-CoV-2testsinthe past year (Supplementary
Table1).Baseline characteristics of the matched persons are shownin
Supplementary Table 2. All variables were well-balanced between the
two vaccine groups (Extended Data Fig. 1).

As compared with the matched population during a period span-
ning Delta- and Omicron-variant predominance, the matched popula-
tionduringa period of Omicron-variant predominance was, on average,
younger and included a higher percentage of individuals who had
received no SARS-CoV-2 tests in the previous year and no influenza
vaccinationsinthe previous 5 yrata VA facility (Supplementary Table1).

The median follow-up was 54 d (interquartile range, 40-60 d).
Over a9-week follow-up, 214 SARS-CoV-2 infections were documented.

Comparative effectiveness. Over a9-week period of Omicron-variant
predominance, the estimated risk of documented SARS-CoV-2infection
was also higher with a third dose of the BNT162b2 vaccine than with a
third dose of the mRNA-1273 vaccine; the estimated risk ratiowas 1.57
(1.12,2.10) and the estimated risk difference, expressed as events over
9 weeks per 10,000 persons, was 63.2 (15.2,100.7) (see also Fig. 3).

Discussion

We quantified the comparative effectiveness of a third dose of the
BNT162b2 and mRNA-1273 vaccines for the prevention of COVID-19
outcomes in the largest integrated healthcare system in the United
States. Although the risks of all five measured COVID-19 outcomes
(documented infection, symptomatic COVID-19 and COVID-19-related
hospitalization, ICU admission and death) over 16 weeks were low for
both vaccines during a period spanning Delta- and Omicron-variant
predominance (risks <4% for documented infection and <0.03%
for death, within each vaccine group), recipients of a third dose of

BNT162b2 had an excess per 10,000 persons of 45 documented infec-
tions and 11 hospitalizations compared with recipients of a third dose
of mMRNA-1273. We also found a higher risk of documented infection
among recipients of a third dose of BNT162b2 compared with mRNA-
1273 over 9 weeks of follow-up during a period of Omicron-variant
predominance, although this estimate was less precise due toasmaller
number of eligible persons.

Few head-to-head comparisons of a third dose of mRNA vaccines
are available. A report from Spain estimated mRNA-1273 boosters to
be 13% more effective than BNT162b2 boosters for the prevention of
documented SARS-CoV-2infection duringa period of Omicron-variant
predominance, but more severe outcomes could not be evaluated*.In
two other reports, effectiveness against symptomatic COVID-19 was
evaluated separately for each mRNA booster either compared with no
vaccination (in two test-negative case-control studies in England®) or
compared with the primary series (in two matched cohort studies in
Qatar®).Ineachreport, anindirect comparison of these results requires
that the controls from each study had similar characteristics, and more
severe outcomes could not be evaluated forbothmRNAbooster groups.

The differential effectiveness we report in our study might be
explained by the higher mRNA content of mMRNA-1273 (50 pg for booster
doses, 100 pg for third primary doses) compared with of BNT162b2
(30 pg for booster and third primary doses). Our primary analysis
considered any third dose of these vaccines, of which 83% were distin-
guished asbooster doses, and results were similar insensitivity analyses
that were restricted to these.

The strengths of our study are that first, the VA healthcare data-
bases contain rich data on demographics and medical history, which
allowed us to carefully match recipients of each vaccine type according
to key confounders. Second, the databases contain detailed infor-
mation on laboratory test results and healthcare encounters, which
allowed us to capture outcomesrelated to COVID-19 in both outpatient
and inpatient settings. Third, the large size of the study population
allowed us to evaluate less common COVID-19 outcomes (hospitali-
zations, ICU admissions, deaths). Fourth, the demographic composi-
tion of the US veteran population allowed us to provide evidence for
adiverse cohort (24% Black, 8% Hispanic) and to conduct subgroup
analyses among older persons (=70 yr of age) and Black persons.

Our study also has several potential limitations. First, as in any
observational analysis of comparative effectiveness, the vaccine
groups could differ with respect to risk factors for the outcomes.
However, after rigorously matching recipients of each vaccine type,
the two groups had similar demographics, comorbidities, time since
completion of the primary vaccination series, number of SARS-CoV-2
tests in the previous year and markers of healthcare utilization (for
example, number of primary care visits and of influenza vaccinations
inthe previous 5 yr). Further, much less confounding is expected when
comparing recipients of different third doses of vaccines than when

Nature Microbiology | Volume 8 | January 2023 | 55-63

59


http://www.nature.com/naturemicrobiology

Article https://doi.org/10.1038/s41564-022-01272-z

Table 3 | Estimated comparative effectiveness of a third dose of BNT162b2 and mRNA-1273 vaccines in subgroups defined
by baseline characteristics during a period spanning Delta- and Omicron-variant predominance (20 October 2021to
15 February 2022)

Risk difference no of
events/10,000 persons (95% CI)

No. of events® 16-week no. of events/10,000 persons (95% Cl) Risk ratio (95% Cl)

BNT162b2 mRNA-1273 BNT162b2 mRNA-1273 BNT162b2 vs mRNA-1273
Age <70yr
Documented infection 888 723 409.1(364.9, 441.5) 340.4(294.4, 361.9) 68.8 (26.4,122.1) 1.20 (1.07, 1.39)
Symptomatic COVID-19 56 40 21.0 (15.3, 26.8) 175 (9.6, 24.2) 3.5(-5.0,13.3) 1.20(0.77,2.21)
Hospitalization 67 24 30.5 (175, 33.1) 13.4(6.8,18.2) 171(3.7,22.7) 2.28(1.23, 3.88)
ICU admission 19 6 9.5(3.6,13.3) 4.4(0.4,76) 5.1(-11,10.8) 216 (0.81,15.00)
Death - - - - - -
Age 270yr
Documented infection 716 617 301.8(275.6,332.9) 277.3(2451,298.8) 245 (-9.0,75.9) 1.09(0.97,1.31)
Symptomatic COVID-19 57 36 20.8(16.2,29.3) 13.9(8.8,18.3) 6.9(11,17) 1.50 (1.07, 2.76)
Hospitalization 63 34 26.5(20.0, 34.9) 15.4 (97, 22.6) 111 (1.5, 21.0) 1.72(1.08, 2.98)
ICU admission 17 13 7.4(4.0,11.4) 6.7(2.3,12.6) 0.8(-6.2,6.4) 111(0.42, 3.31)
Death 12 8 5.0 (1.5, 7.4) 41(1.0,7.2) 0.9(-4.0,5.0) 1.21(0.35, 5.37)
Race, White
Documented infection 1197 919 355.2(315.0, 364.6) 287.8 (266.8, 314.1) 67.4(13.4, 85.7) 1.23 (1.04,1.31)
Symptomatic COVID-19 100 44 26.7(17.9,29.2) 11.3(9.2,18.3) 15.4(2.5,17.4) 2.37(116, 2.59)
Hospitalization 99 45 28.0(21.3,33.7) 14.5 (9.4, 21.4) 13.4(3.4,20.8) 1.92 (117, 3.07)
ICU admission 26 15 74(4.0,10.2) 5.8(2.3,10.9) 17(-5.3,6.0) 1.29(0.52, 3.14)
Death 14 9 4.4(15,6.2) 3.3(0.6,5.7) 11(-2.8,4.0) 1.35(0.45, 6.34)
Race, Black
Documented infection 390 352 3591 (317.4, 411.1) 318.4 (274.8, 353.0) 40.7 (-10.7, 115.0) 113 (0.97,1.39)
Symptomatic COVID-19 26 22 19.7(117,28.1) 191(101, 26.9) 0.6(-10.4,14.4) 1.03(0.59, 2.37)
Hospitalization 29 18 29.9(16.0, 43.4) 18.4 (7.4, 27.0) 11.5(-3.7,29.1) 1.63(0.85, 4.41)

ICU admission

Death

Months since completion of COVID-19 vaccine primary series, 6-7

Documented infection 508 389 330.5 (2907, 254.8 (227.6, 286.8) 75.7 (20.8,108.3) 1.30(1.08, 1.45)
358.3)

Symptomatic COVID-19 35 19 20.2(107,23.4) 12.2(6.8,19.6) 8.0(-4.6,12.6) 1.66 (0.71, 2.75)

Hospitalization 34 12 23.2(15.3, 31.3) 9.3(5.2,20.1) 13.9 (-0.2, 21.5) 2.49(0.99, 4.33)

ICU admission - - - - - -

Death - - - - - -

Months since completion of COVID-19 vaccine primary series, 8

Documented infection 587 519 341.3(306.1,371.8)  320.5(269.7, 347.0) 20.8(-16.2, 86.3) 1.06 (0.95, 1.31)

Symptomatic COVID-19 46 25 23.1(17.0, 33.8) 12.9(8.4,19.4) 10.2(1.3,21.4) 1.79 (1.07, 3.16)

Hospitalization 43 22 25.2 (171, 34.2) 13.4 (6.1,18.0) 11.8 (3.2, 24.8) 1.88 (1.21, 4.54)

ICU admission 8 6 4.7(21,1.0) 3.9(0.6,7.0) 0.7(-2.7,8.0) 119 (0.48,10.32)

Death

Months since completion of COVID-19 vaccine primary series, 29

Documented infection 395 315 305.9 (259.6, 317.1(233.8, 359.7) -1.1(-721,78.0) 0.96 (0.79,1.33)
334.6)

Symptomatic COVID-19 32 20 23.9(13.7,317) 18.0 (9.0, 26.8) 5.9(-74,18.2) 1.33(0.68, 2.55)

Hospitalization 43 21 34.9(191, 43.6) 37.2(11.9, 83.7) -2.3(-60.2, 24.1) 0.94(0.30, 2.82)

ICU admission 15 6 11.3(4.6,16.2) 24.6 (1.2, 65.5) -13.3(-59.4,12.4) 0.46 (0.09,10.92)

Death

Recipients of a third dose of the BNT162b2 vaccine were matched in a 1:1 ratio to recipients of a third dose of the mRNA-1273 vaccine according to the following variables: calendar date of third
dose, calendar month of second mRNA vaccine dose, age, sex, race (except for subgroup analyses restricted to race), urbanicity of residence, geographic location coded as categories of

Veterans Integrated Services Network and number of SARS-CoV-2 tests performed in the past year. Estimates were calculated only in analyses in which there were more than 5 outcome events
in each vaccine group under comparison.
2The 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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Fig.3 | Cumulative incidence of documented SARS-CoV-2 infection duringa
period of Omicron-variant predominance (1January to 8 March 2022). Solid
blueline represents the risk curve for BNT162b2, dashed orange line represents
therisk curve for mRNA-1273 and shaded areas represent pointwise 95%
confidence intervals.

comparing recipients of a third dose with, for example, unvaccinated
persons. In addition, our two analyses involving negative-outcome
controls suggested little confounding.

Second, the possibility of outcome misclassification cannot be
ruled out if veterans sought testing or care outside the VA healthcare
system or if testing was differential between groups. However, our use
of'the VA COVID-19 National Surveillance Tool allowed us to integrate
laboratory datawith clinical notes to capture infections documented
inside and outside the system, and the SARS-CoV-2 testing frequen-
cies over follow-up were similar in both groups (Table 2). Further, we
selected regular VA users who had a known residential address and
who had routinely collected information (body-mass index, smoking
status) to improve outcome ascertainment. We expect any residual
incomplete ascertainment to be non-differential between the vaccina-
tiongroups under comparison, although absolute risks may be slightly
biased downwards. Finally, our study population was mostly made up
of men (96%) and older persons (95% were >50 yr old), which may limit
the generalizability of our findings.

Giventhe high effectiveness of athird dose of both the BNT162b2
and mRNA-1273 vaccines, either vaccine is strongly recommended to
any individual. This study provides evidence of clear and comparable
benefits of these vaccines for the most severe outcomes (the differ-
ence in estimated 16-week risk of death between the two groups was
two-thousandths of one percent). While the differences in estimated
risk for less severe outcomes between the two groups were small on
the absolute scale, they may be meaningful when considering the
populationscale at whichthese vaccines are deployed. However, deci-
sionsabout vaccination campaigns are complex and mustincorporate
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 coordi-
nated public health responses.

In summary, although the absolute risks of breakthrough
SARS-CoV-2 infection and more severe COVID-19 outcomes were low
regardless of the third mRNA-based COVID-19 dose received, this study
involving a nationwide cohort of US veterans provides evidence of a
lower 16-week risk of COVID-19-related outcomes among recipients
of a third dose of the mRNA-1273 vaccine compared with recipients
of athird dose of the BNT162b2 vaccine, particularly for documented
infection. This pattern was consistent across a period spanning
Delta- and Omicron-variant predominance and a period restricted to

Omicron-variant predominance. Further evaluation of the comparative
effectiveness and safety of additional doses of these vaccinesis needed.

Methods

Specification of the target trials

We designed an observational analysis to emulate a hypothetical prag-
matic trial of athird dose of BNT162b2 compared with mRNA-1273 and
risks of COVID-19 outcomes in the VA healthcare system. Supplemen-
tary Table 3 summarizes the key protocol components.

Eligibility criteriaincluded veteran status; age >65 yr or 18-64 yr
with highrisk of severe COVID-19 between 20 October and 18 November
2021 (based onthe presence of at least one coexisting condition listed
in Table 1)® or 218 yr between 19 November 2021 and 8 February 2022
(based on national guidelines for third dose deployment)®'; receipt of
the second dose of an mRNA vaccine primary series atleast 6 months
earlier (based on the same guidelines); known residential address
outside of a long-term care facility; and known smoking status and
known body-mass index within the previous year. Individuals had to
have used the VA healthcare system during the previous year (defined
asreceiving care atastation eligible to administer the vaccines under
study and having at least one primary care visit) but not within the
previous 3 d (which may indicate the start of symptomatic disease).

The interventions of interest were a third dose of either the
BNT162b2 or the mRNA-1273 vaccine. To ensure balance of important
characteristicsacross groups, eligible veteransin the target trial would
berandomly assigned to one of these two vaccines within strata defined
by calendar date of the third dose (5 d bins), calendar month of the
second mRNA vaccine dose, age (5 yr bins), sex (male, female), race
(White, Black, other, unknown), urbanicity of residence (urban, not
urban), geographic location (coded as 19 categories of Veterans Inte-
grated Services Network) and number of SARS-CoV-2 tests performed
inthe past 12 months (0, 1,>2).

The five outcomes of interest were documented SARS-CoV-2 infec-
tion, documented symptomatic COVID-19 and COVID-19-related hos-
pitaladmission, ICU admission and death. For each eligible individual,
follow-up started on the day the third dose of vaccine was received
(baseline) and ended on the day of the outcome of interest, death, 112 d
(16 weeks) after baseline, or the end of the study period (15 February
2022), whichever happened first.

Our target trial evaluates comparative effectiveness of a third
dose of the vaccines during a period spanning times when SARS-CoV-2
Delta- and Omicron-variants were circulating. The Delta variant had
decreased toashare of 26% of circulating variantsin the United States
as of 25 December 2021, as it was rapidly displaced by the Omicron
variant, which rose to a100% share as of 12 February 2022". To evalu-
atethe comparative effectiveness during a period of Omicron-variant
predominance, we considered asecond target trial that wasidentical to
thefirsttrial except that the recruitment period was1January to1March
2022, and the only outcome of interest was documented SARS-CoV-2
infectionbecause the period was too short to accrue a sufficient num-
ber of rarer, more severe outcomes.

Emulation of the target trials

We emulated both target trials using the VA healthcare databases’.
Vaccination was identified using records from the Corporate Data
Warehouse and the VA COVID-19 Shared Data Resource. SARS-CoV-2
infections were identified using the VA COVID-19 National Surveillance
Tool*2, which integrates data on laboratory tests with natural language
processing of clinical notes to capture diagnoses documented inside
and outside the VA healthcare system. Symptomatic COVID-19 was
defined as >1 of the following symptoms documented within 4 d of
SARS-CoV-2infection: fever, chills, cough, shortness of breath or dif-
ficulty breathing, sore throat, loss of taste or smell, headache, myalgia/
muscle pain, diarrhoea and vomiting. COVID-19 hospitalization was
defined as a hospitalization within 21 d after documented SARS-CoV-2
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infection, COVID-19 ICU admission was defined as an ICU admission
during a COVID-19 hospitalization, and COVID-19 death was defined
as a death within 30 d after documented SARS-CoV-2 infection. Sup-
plementary Table 4 provides detailed information on all study variables
and their ascertainment.

We attempted to mimic the stratified randomization of the target
trial by matching persons who received a third dose of BNT162b2 and
of mRNA-1273 on the basis of the calendar date of the third dose, calen-
dar month of the second dose, age, sex, race, urbanicity of residence,
geographic location, and number of SARS-CoV-2 tests performed in
the past 12 months, using the same matching algorithm described in
our previous study’.

To explore the possibility of residual confounding (for example,
by underlying health status or healthcare-seeking behaviour), we
incorporated two negative outcome controls’. First, we evaluated the
risk of symptomatic COVID-19 in the first 7 d after the third vaccine
dose. Second, we evaluated the risk of death from causes other than
COVID-19 during the follow-up period.

Statistical analyses

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 vaccine groups were esti-
mated using the Kaplan-Meier estimator™*. We then calculated 16-week
risks of each outcome and compared them between the vaccine groups
viadifferences and ratios. We conducted subgroup analyses by age (<70
or =70 yr), race (Black or White), time since completion of the COVID-19
vaccine primary series (6-7, 8, or 29 months) and vaccine type of the
primary series (BNT162b2 or mRNA-1273). We conducted sensitivity
analysesthat excluded eligible individuals who (1) had previously docu-
mented SARS-CoV-2 infection, (2) did not receive ahomologous third
dose compared with the COVID-19 vaccine primary seriesand (3) had a
third dose that could not be identified as abooster dose on the basis of
procedural codes available in the ‘Inpatient’and ‘Outpatient’domains,
to comparerecipients of vaccines at known doses, as the dose of mRNA-
1273 differs for booster doses (50 pg) vs third primary doses (100 pg).

We used a nonparametric bootstrapping procedure (including
both matching and subsequent analyses) with 500 iterations to cal-
culate percentile-based 95% confidence intervals for all estimates.

Analyses were performed using R software version 3.6.0 (RFoun-
dation for Statistical Computing) and SAS Enterprise Guide version
8.2 (SASInstitute).

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

The data that support the findings of this study are available from
the VA. VA data are made freely available to researchers (behind the
VA firewall) with an approved VA study protocol. More information is
available at https://www.virec.research.va.gov or by contacting the VA
Information Resource Center (VIReC) at VIReC@va.gov. Source data
are provided with this paper.

Code availability
Accesstothe computer code usedinthis researchis available by request
to the corresponding author.
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Extended Data Fig. 1| Covariate Balance (Love) Plot. Shows the difference variant predominance and (b) secondary analysis during a period of Omicron-
inmeans for conditions identified by the Centers for Disease Control and variant predominance. A strict balance cut-off was set at 0.1. An asterisk denotes
Prevention (CDC) asrisk factors for severe COVID-19 in the matched population the standardization of continuous variables.
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Sample size We used VA electronic health records for 130,392 matched individuals, as detailed in the Methods. b. The sample size was determined via
application of the eligibility criteria and matching algorithm, as detailed in the manuscript.

Data exclusions  The 130,392 matched individuals included satisfied the pre-specified eligibility criteria, as detailed in the Methods.

Replication Replication was not applicable to this study, which aimed to evaluate the comparative effectiveness of third doses of mRNA-based Covid-19
vaccines using the information on all eligible individuals in the database.

Randomization  No randomization was involved in our analysis of observational electronic health record data.

Blinding Investigator blinding was not relevant to our analysis of observational electronic health record data.
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