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Background. Comparative effectiveness of coronavirus disease 2019 (COVID-19) vaccines across patient subgroups is poorly 
understood and essential to precisely targeting vaccination strategies.

Methods. We used the US Department of Veterans Affairs COVID-19 Shared Data Resource to identify veterans who utilize 
VA health care and had no documented severe acute respiratory syndrome coronavirus 2 infection before December 11, 2020. Using 
a test-negative case–control design (TND), we used conditional logistic regression with adjustment for covariates to estimate 
vaccine effectiveness (VE) over time for veterans who received 2 doses of mRNA vaccines or 1 dose of Ad26.Cov2.S.

Results. We identified 4.8 million veterans with a mean age of 64 years, of whom 58% had ≥1 chronic disease. Vaccine 
effectiveness for symptomatic infections, hospitalizations, and ICU admission or death declined over time and varied by the 
type of vaccine (P < 0.01). VE estimates against symptomatic infection during months 1 and 7 for mRNA-1273 compared with 
BNT162b2 were 89.7% (95% CI, 84.4%–93.0%) and 57.3% (95% CI, 48.4%–64.7%) vs 81.6% (95% CI, 75.9%–85.9%) and 22.5% 
(95% CI, 7.2%–35.2%) for individuals age <65 years and 78.4% (95% CI, 71.1%–83.9%) and 36.2% (95% CI, 27.7%–43.6%) vs 
66.3% (95% CI, 55.7%–74.4%) and −23.3% (95% CI, −40.5% to −8.2%) in subjects age ≥65 years; against hospitalization 92.0% 
(95% CI, 76.1%–97.3%) and 83.1% (95% CI, 66.8%–91.4%) vs 85.6% (95% CI, 72.6%–92.4%) and 57.0% (95% CI, 31.2%–73.2%) 
in subjects age <65 years and 66.1% (95% CI, 45.3%–79.0%) and 64.7% (95% CI, 55.2%–72.3%) vs 61.0% (95% CI, 41.3%– 
74.2%) and 1.7% (95% CI, −22.0% to 20.8%) in those age ≥65 years; against ICU admission or death 89.2% (95% CI, 49.5%– 
97.7%) and 84.4% (95% CI, 59.0%–94.1%) vs 87.6% (95% CI, 61.0%–96.1%) and 66.4% (95% CI, 7.7%–87.8%) in subjects age 
<65 years and 75.4% (95% CI, 51.7%–87.5%) and 73.8 (95% CI, 62.9%–81.5%) vs 67.4% (95% CI, 32.6%–84.3%) and 29.3% 
(95% CI, 2.3%–48.9%) in subjects age ≥65 years, respectively (Pinteraction < .01 for all comparisons). Similarly, mRNA-1273 was 
more effective than BNT162b2 in veterans with >1 chronic disease.

Conclusions. mRNA-1273 was more effective than BNT162b2 in older veterans and those with chronic diseases.
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Three coronavirus disease 2019 (COVID-19) vaccines have re-
ceived Emergency Use Authorization or full approval by the 
Food and Drug Administration (FDA) in the United States. 
These vaccines reported high efficacy and effectiveness in early 
studies in preventing symptomatic infection and severe disease, 
and increased use of these vaccines initially led to a sharp re-
duction in severe acute respiratory syndrome coronavirus 2 
(SARS-COV-2) cases [1–4]. However, cases are surging again 
with the introduction of new variants, and breakthrough infec-
tions have been reported in fully vaccinated individuals.

Current guidelines by the FDA and Centers for Disease 
Control and Prevention (CDC) recommend vaccination of 

eligible persons with 1 of the 3 vaccines, without preference 
for any specific vaccine. Recent studies using data from the 
Veterans Health Administration (VA) and other cohorts sug-
gest that the mRNA-1273 (Moderna) vaccine may be more ef-
fective compared with the BNT162b2 (Pfizer-BionTech) 
vaccine [5, 6], but these studies are limited by the lack of com-
parative effectiveness of vaccines among patient subgroups. In 
addition, previously published studies yielded somewhat con-
tradictory results, with 1 reporting VE across vaccines and 
the other differential waning of effectiveness between vaccines 
over time [5, 6]. Rather than a one-size-fits-all approach to vac-
cination, tailoring vaccination and subsequent boosters based 
on individual patient characteristics may be more efficient 
from an individual and societal perspective.

We used data from the VA, the largest integrated health care 
system in the United States, with >9 million beneficiaries, to 
assess and compare effectiveness of the mRNA-1273, 
BNT162b2, and Ad26.COV2.S (Janssen) vaccines. We tested 
2 hypotheses—vaccine effectiveness decreases over time for 
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individual vaccines and effectiveness varies across vaccines, 
particularly in older veterans and those with chronic diseases.

METHODS

Data Sources

In response to the SARS-CoV-2 pandemic, the VA rapidly cre-
ated a national COVID-19 Shared Data Resource. This re-
source contains information on all veterans with a 
laboratory-confirmed diagnosis of SARS-CoV-2 infection and 
receipt of vaccine within the VA. Information of veterans tested 
or vaccinated outside the VA is captured by patient self-report 
(presentation of a vaccination card) or through claims data. 
The VA COVID-19 Shared Data Resource is updated regularly 
and contains extensive demographic, clinical characteristics, 
including preexisting chronic conditions as captured by the 
Charlson Comorbidity Index (CCI), receipt of a vaccine, labo-
ratory data, vital signs, and clinical outcome information de-
rived from multiple validated sources [1, 7]. The study was 
approved by the Institutional Review Board at the VA 
Pittsburgh Healthcare System. A waiver of informed consent 
was granted for the study.

Study Population

To identify a homogenous group of veterans with similar im-
mune status with regards to COVID-19, our analysis cohort in-
cluded veterans with the following characteristics in the VA 
COVID-19 Shared Data Resource: those with least 2 primary 
care appointments in the preceding 18 months of vaccine roll-
out, because these individuals were more likely to receive care 
through the VA, and no documentation of infection before 
December 11, 2020, the start of vaccine rollout within the VA.

Study Design

We used the test-negative case–control design (TND) to assess 
VE over time for individual vaccines and to compare effective-
ness across different vaccines [8]. The TND design is recom-
mended by the World Health Organization (WHO) for 
studying the VE of COVID-19 vaccines and has been used by 
our group in prior work [1, 7, 9]. In brief, VE is calculated as 
1 – ORV, where ORV reflects the ratio of the odds of being a 
case in vaccinated vs unvaccinated study subjects.

Matching

We matched veterans based on age, geographic region, and cal-
endar time. We chose age because vaccination was rolled out in 
a staged manner, prioritizing elderly veterans. We also selected 
geographic regions at the individual county level and calendar 
time because temporal changes in SARS-CoV-2 transmission 
may vary across geographic regions, particularly for emerging 
variants, due to differences in social distancing, mask utiliza-
tion, other nonpharmaceutical interventions, varying uptake 
of the vaccine, and varying average social-economic status. 

We merged counties with <500 veterans that were within a 
100-mile distance.

In the primary analysis estimating VE, we matched veterans 
who ever tested positive at least once (cases) to those who never 
tested positive in the study period (controls). The testing date 
for those ever testing positive was the date of the first positive 
test, while the testing date for the rest was the date of the first 
negative test. Cases were matched to controls in the same age 
category (<40, 40–64, 65–79, and >80 years), geographic re-
gion, and testing date (10-day windows).

Comparative Effectiveness Analysis

We also modified the TND design to estimate the comparative 
effectiveness (CE) of the 2 more common vaccines, 
mRNA-1273 and BNT162b2. In this design, cases and controls 
were restricted to having been vaccinated by 1 of these 2 vac-
cines before their test date. Cases were matched to controls 
based on geographic region, race, and date of testing.

Ascertainment of Vaccination

Individuals received 1 of the 3 following COVID-19 vaccines: 
mRNA-1273, BNT162b2, or Ad26.COV2.S. We considered a 
person to be fully vaccinated 14 days after 1 dose of the 
Ad26.COV2.S vaccine or after 2 doses of the mRNA-1273 
and BNT162b2 vaccines, based on WHO guidelines [10].

Case Definition or Outcomes

Following WHO guidelines [10], we assessed 3 outcomes 
from December 11, 2020, to October 31, 2021: symptomatic 
infection (defined as presence of symptoms consistent with flu- 
like illness and a PCR-positive swab), hospitalization with 
COVID-19 (the subset of those with a symptomatic infection 
who were hospitalized between −14 and +2 days of a positive 
test for SARS-COV-2), and intensive care unit (ICU) admission 
or fatal case of COVID-19 (the subset of those hospitalized who 
required admission to the ICU or died within 28 days of a 
SARS-COV-2-positive test) [11].

Statistical Analysis

We described sociodemographic and clinical characteristics of 
the analysis cohort and different matched groups with the use 
of frequency distributions and measures of central tendency. 
For the TND design estimating VE, the adjusted odds ratio 
(ORadj), comparing the odds of case status among vaccinated 
and unvaccinated, and its associated 95% CI were derived using 
a conditional logistic regression model that accounted for 
matching and adjusted for gender, race, and number of chronic 
conditions (as ≤1 or >1). VE at monthly time intervals was es-
timated as 1 − ORadj. In the modified TND design for estimat-
ing CE between mRNA-1273 and BNT162b2, we estimated 
adjusted ORs comparing odds of case status between being 
vaccinated with mRNA-1273 and being vaccinated with 
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BNT162b2. These models were also conditional logistic regres-
sion models accounting for matching, number of months be-
tween vaccination and testing, gender, age, and number of 
chronic conditions.

To test hypotheses that VE or CE depended on time since vac-
cination, individual vaccines, and patient characteristics, we con-
ducted likelihood ratio tests comparing models with and without 
the corresponding terms in the model. We compared vaccines 
over time using 2 approaches. First, we calculated VE estimates 
for individual vaccines by comparing vaccinated and unvaccinat-
ed persons and then compared VE estimates across vaccines. 
Second, we calculated ORs comparing mRNA-1273 and 
BNT162b2 vaccines because these vaccines accounted for 
>90% of vaccines administered in the VHA. We estimated VE 
using 4 subgroups based on age (<65 and ≥65 years) and burden 
of chronic disease (Charlson Comorbidity Index ≤1 and >1). We 
selected these subgroups based on the results of prior studies 
showing waning VE among older individuals and those with a 
chronic disease [5, 6, 12].

All analyses were performed using R 4.0.5, and a P value of 
≤.05 was considered statistically significant. We did not adjust 
for multiple comparisons.

RESULTS

The clinical characteristics of the 4.8 million veterans in our 
analysis cohort, from which the subsequent matched cohorts 
were constructed, are included in Supplementary Table 1. 
The mean age (SD) was 64 (16) years, and 2 042 637 (42.5%) 
and 680 958 (14.2%) were ≥65 and ≥80 years, respectively. 
Approximately 58% (n = 2 786 910) of veterans had ≥1 docu-
mented chronic disease, 36.4% (n = 1 750 890) had ≥2 chronic 
diseases, and 21.3% (n = 1 022 369) had ≥3 chronic diseases.

Between December 11, 2020, and October 31, 2021, 2 457 733 
(51.1%) were vaccinated and 2 348 209 (48.9%) remained un-
vaccinated. Among vaccinated veterans, 971 750 (39.5%), 1 
289 639 (52.5%), and 196 344 (8.0%) received the BNT162b2, 
mRNA-1273, and Ad26.COV2.S vaccines, respectively. The 
numbers of vaccinated subjects over time for each vaccine are 
shown in Supplementary Figure 1.

Overall, 341 786 (7.1%) were tested for SARS-CoV-2 
infection between December 11, 2020, and October 31, 2021, 
at least once; of these, 78 613 (23%) were fully immunized 
and 240 860 (70%) were unvaccinated at the time of testing 
(Supplementary Figure 2). Of those tested, symptoms of flu-like 

Figure 1. Vaccine effectiveness against symptomatic infection, hospitalization, ICU admission, or death over time for 2 mRNA vaccines stratified by age. Abbreviation: ICU, 
intensive care unit.
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illness and a positive PCR were reported in 87 010 (25%) veter-
ans. Of these, 66 547 (76%) occurred among unvaccinated vet-
erans and 16 232 (19%) among veterans who were fully 
vaccinated. A total of 22 529 veterans were hospitalized with 
symptoms consistent with COVID-19; of these, the propor-
tions who were unvaccinated and fully vaccinated were 75% 
(n = 16 864) and 18% (n = 4155), respectively. A total of 7881 
veterans were admitted to the ICU or died within 28 days of 
a SARS-CoV-2-positive test; of these, the proportions who 
were unvaccinated and fully vaccinated were 76% (n = 5991) 
and 18% (n = 1430), respectively.

Varying Comparative Effectiveness of Vaccines Over Time

Consistent with prior studies, VE for symptomatic 
SARS-CoV-2 infection, hospitalization, and ICU admission 
or death decreased over time (P < 0.001 for all 3 outcomes) 
(Supplementary Figure 3 and Supplementary Table 2).

As the number of veterans who received an Ad26.COV2.S 
vaccine and experienced 1 of the 3 outcomes was small, these 
individuals were excluded in subsequent analyses. Vaccine ef-
fectiveness for symptomatic infections over time varied by 
the type of vaccine (P < 0.001) (Supplementary Table 2 and 
Supplementary Figure 3). Effectiveness was higher for 
mRNA-1273 (84.6% and 46.6% for months 1 and 7) compared 
with BNT162b2 (76.1% and 0.1% for months 1 and 7). Vaccine 
effectiveness for hospitalizations due to symptomatic 
COVID-19 over time also varied by vaccine type (P < 0.001), 
and effectiveness was higher for mRNA-1273 (76.6% and 
71.3% for months 1 and 7) compared with BNT162b2 (72.9% 
and 19.8% for months 1 and 7). Similarly, monthly VE for 
ICU admission or death was higher for mRNA-1273 compared 
with BNT162b2 (P < 0.001; 80.5% and 77.2% vs 74.7% and 
39.5% at months 1 and 7, respectively). The differences in VE 
for all 3 outcomes were small in the initial 4 months and 
more pronounced in the subsequent 3 months.

Comparative Vaccine Effectiveness Across Subgroups

The differences in VE over time for symptomatic infection, 
hospitalization, and ICU admission or death between 
mRNA-1273 and BNT162b2 vaccines varied by age and chron-
ic disease (Pinteraction < .001 for most comparisons) (Figure 1; 
Supplementary Figure 4 and Supplementary Table 3) and 
were least pronounced for severe disease, including hospitaliza-
tions and ICU admission or death. Both mRNA vaccines were 
effective for nearly all time points in veterans who were youn-
ger or had no or only 1 chronic disease (Figure 1; 
Supplementary Figure 4; Tables 1–3; Supplementary Tables 
4–6). For example, in patients <65 years of age, VE was largely 
preserved for hospitalizations (month 1 and 7 VEs were 92.0% 
and 83.1% for mRNA-1273 and 85.6% and 57.0% for 
BNT162b2, respectively) and ICU admission or death (month 
1 and 7 VEs were 89.2% and 84.4% mRNA-1273 and 87.6% and Ta
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66.4% for BNT162b2, respectively). Similar findings were ob-
served for patients with a low burden of chronic diseases 
(Supplementary Figure 4, Supplementary Tables 4–6). In con-
trast, VE differed over time in older veterans and those with >1 
chronic disease. For example, VE for mRNA-1273 for hospital-
izations and ICU admission or death was >70% for most time 
points in elderly veterans ≥65 years of age and subjects with >1 
chronic health condition. In contrast, effectiveness for 
BNT162b2 for the same outcomes in these patients declined be-
low 50% after the second month, though confidence intervals 
were wide for many time points.

Models comparing mRNA-1273 with BNT162b2 in the mod-
ified TND confirmed statistically significant heterogeneity in the 
protective effect of mRNA-1273 across age groups for both 
symptomatic infections (P = 0.001) and hospitalizations 
(P = 0.016). Increased protection of mRNA-1273 compared 
with BNT162b2 was especially observed more than 5 months fol-
lowing vaccination (Table 4). For example, whereas in veterans 
aged <65 years the OR comparing vaccines for symptomatic in-
fection was 1.04 (95% CI, 0.84–1.30) in month 6, in older veter-
ans the OR was 0.25 (95% CI, 0.13–0.47). A similar trend was 
observed for symptomatic infections among veterans with 
chronic conditions, but the P value for heterogeneity of CE 
odds ratios between chronic disease subgroups over time was 
not significant (P = 0.057) (Supplementary Table 7). Sample sizes 
precluded statistically significant comparisons for the ICU or 
death outcome.

DISCUSSION

Our results suggest that vaccine effectiveness was higher for the 
mRNA-1273 vaccine when compared with the BNT162b2 vac-
cine, particularly in older veterans and those with chronic dis-
eases. The effectiveness for BNT162b2 was <50% in these 
veterans, and therefore, the mRNA-1273 vaccine may be pre-
ferred in older adults with multiple chronic diseases. Overall, 
our findings suggest that the type of vaccine and perhaps the 
timing of booster doses may have to be precisely targeted based 
on age and chronic diseases.

Higher effectiveness was observed for mRNA-1273 com-
pared with BNT162b2 in younger veterans and those with a 
low burden of chronic diseases, but these differences were 
small, and the 95% CIs overlapped. Thus, the clinical relevance 
of this finding is unclear. However, the differences in VE, par-
ticularly for hospitalizations, among older veterans and those 
with high burden of chronic diseases were large with nonover-
lapping confidence intervals. More importantly, VE for 
BNT162b2 for symptomatic infection and hospitalization in 
these patients was <50% for most time points.

Collectively, these findings may favor the mrNA-1273 vac-
cine over BNT162b2 in older adults. Of note, the average age 
of participants in the international randomized controlled trial 

and subsequent real-world studies for the BNT162b2 
vaccine was ∼50 years, and the proportion of subjects with co-
morbidities was low or not known [2, 3, 13, 14]. Thus, the dis-
crepant findings between our and prior studies for BNT162b2 
vaccine may be due to differences in participant characteristics. 
We performed comparative VE analyses over 7 months in dis-
tinct subgroups of veterans who were matched on age, location, 
and socioeconomic status, which may explain the differences 
between our results and recently published data [5, 12].

Our study has several strengths, including a large sample size 
of US residents across 50 states, data being collected from 
multiple sources in one of the largest integrated health care sys-
tems, and adjustment for several confounding variables. 
Additionally, our estimates for effectiveness over time for the 
BNT162b2 vaccine among younger persons are similar to esti-
mates from recent studies [15, 16]. Our findings are consistent 
with studies showing that mRNA-1273 was more effective 
compared with BNT162b2 vaccine to reduce risk of sympto-
matic infection and hospitalization and to increase levels of an-
tibodies [11–13]. Finally, our results showing that VE varies by 
age and chronic diseases were consistent in using different 
approaches.

Limitations include the lack of generalizability of our findings 
to nonveterans, women, and small sample sizes of persons who 
received the Ad26.COV2.S vaccine, and for some of the sub-
group analyses for the mRNA-1273 and BNT162b2 vaccines, 
and potential for residual confounding despite adjusting for mul-
tiple covariates. In addition, we did not perform chart review to 
confirm that deaths within 28 days of a SARS-CoV-2-positive 
test were caused by COVID-19, which could have resulted in 
misclassification bias. However, this bias would have applied to 
all 3 vaccines and therefore should not have affected our compar-
ative vaccine effectiveness analysis. Also, our study period does 
not include the period of Omicron predominance, a variant 
characterized by overall lower vaccine effectiveness.

In conclusion, the mRNA-1273 vaccine had higher effective-
ness for symptomatic SARS-COV2 infection, hospitalization, 
and ICU admission or death compared with BNT162b2, partic-
ularly for older veterans and those with a higher burden of 
chronic disease. If validated in future studies, individualized 
vaccination strategies based on type of vaccine, variant subtype, 
and individual patient characteristics may be necessary.
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