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Background: Breakthrough infections after SARS-CoV-2 infection have been reported. Clinical outcomes
among persons with breakthrough infection are not known.
Methods: We retrospectively identified all Veterans with a confirmed SARS-CoV-2 infection >14 days after
the second dose of either Pfizer-BNT-162b2 or Moderna-mRNA-1273 vaccine between December 15, 2020
and March 30, 2021, and age, race, sex, body mass index, Charlson comorbidity index, geographical location,
and date of positive test matched unvaccinated controls with SARS-CoV-2 infection. Our primary endpoint
was the rate of severe disease or death defined as hospitalization, admission to ICU, mechanical ventilation,
or death in both groups.
Findings: Among 258,716 persons with both doses of vaccines and 756,150 without any vaccination, we iden-
tified 271 (0.1%) vaccinated persons with breakthrough infection and 48,114 (6.4%) unvaccinated matched
controls with infection between December 15, 2020 and March 30, 2021. Among 213 matched pairs, symp-
toms were present in 33.3% of those with breakthrough infection and 42.2% of the controls. A total of 79 per-
sons met the definition of severe disease or death (42 in the breakthrough infection group and 37 in the
control group). Rate of severe disease or death per 1,000 person-days (95% CI) was 4.08 (2.84,5.31) among
those with breakthrough infection and 3.6 (2.53,4.73) among the controls (P = 0.58). Rate was similar among
both groups regardless of age-group, race, BMI or presence of comorbidities. Among persons with break-
through infection and matched controls with infection, vaccination was not associated with a lower risk of
severe disease or death in the main analyses but was associated with a lower risk when matching did not
include geographic location (HR 0.62, 95% CI1 0.43,0.91).
Interpretation: Demographic or clinical factors are not associated with a lower risk of severe disease or death
in persons with breakthrough SARS-CoV-2 infection.
Funding: None
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1. Introduction

effectiveness against the former and 75% effectiveness against the lat-
ter variant [4]. Despite such remarkable efficacy and effectiveness,

Effective vaccines against the SARS-CoV-2 infection are now avail-
able. The efficacy of the first two authorized vaccines, the Pfizer-BNT-
162b2 and the Moderna-mRNA-1273 vaccines, in randomized phase
3 clinical trials was 94—95% [1,2]. In the real-world setting, effective-
ness of these vaccines is similarly very high, ranging from 90-95%
[3]. The Pfizer-BNT-162b2 vaccine retains high level of effectiveness
even in the alpha (previously known as the B1.1.7 variant) and beta
(previously known as the B1.351 variant) variants, with 89%
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breakthrough infections have been reported among fully vaccinated
persons. We found the rate of breakthrough infection among fully
vaccinated persons to be 0.66 per 1000 person-days after full vacci-
nation [5]. However, certain subgroups are at a higher risk. These
include older persons, those with multiple comorbidities, and resi-
dents of rural areas [5]. Clinical trials for vaccine efficacy have shown
the vaccines to be highly protective against severe disease and death,
with efficacy approaching 100% for these outcomes [1,2]. Real-world
vaccine effectiveness studies have also demonstrated >95% effective-
ness of the mRNA vaccines in preventing confirmed infection [6].
However, the comparative severity of illness and outcomes in per-
sons with breakthrough infection versus infection in unvaccinated
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Research in context

Evidence before this study

There are emerging data regarding the effectiveness of SARS-
CoV-2 vaccines. However, very little is known about the charac-
teristics, risk factors and outcomes of breakthrough infection
after full vaccination.

Added value of this study

Among 258,716 persons with both doses of vaccines and
756,150 without any vaccination, we identified 271 (0.1%) vac-
cinated persons with breakthrough infection and 48,114 (6.4%)
unvaccinated matched controls with infection. Among 213 per-
sons with breakthrough SARS-CoV-2 infection after vaccination
compared with infection in 213 unvaccinated matched con-
trols, a total of 79 persons met the definition of severe disease
or death (42 in those with breakthrough infection and 37 in the
control group). Rate of severe disease or death per 1000 per-
son-days (95% CI) was 4.08 (2.84,5.31) among those with break-
through infection and 3.6 (2.53,4.73) among the controls
(P = 0.58). Among persons with breakthrough infection and
matched controls with infection, vaccination was not associ-
ated with a lower risk of severe disease or death in the main
analyses but was associated with a lower risk when matching
did not include geographic location (HR 0.62, 95% CI 0.43,0.91).

Implications of all the available evidence

Among persons with breakthrough infection, vaccination offers
protection against severe disease or death.

persons in the real-world is unknown. A recent report from skilled
nursing facilities reported 22 breakthrough infections among 627
residents with SARS-CoV-2 infection over a 3 month period. Two-
thirds of these persons were asymptomatic, while 2 (9%) required
acute hospitalization and one person died [7]. Our aim was to com-
pare the severity of illness and clinical outcomes of SARS-CoV-2
breakthrough infection in fully vaccinated persons compared with
infection in appropriately matched unvaccinated infected persons.

2. Methods
2.1. Study population and participants

This study was conducted in the Veterans Health Administration
(VA) healthcare system. The VA is the largest provider of integrated
health services in the USA providing care to over 9 million enrolled
Veterans at 170 VA medical centers and 1074 outpatient sites [8]. In
response to the SARS-CoV-2 pandemic, the VA rapidly created a
national VA COVID-19 Shared Data Resource. Using case definitions
and data mapping which were validated collaboratively across the
VA, it contains information on all Veterans with a confirmed labora-
tory diagnosis of SARS-CoV-2 infection within the VA and those who
tested outside the VA with a VA clinical note confirming the diagno-
sis. Updated regularly, the VA COVID-19 Shared Data Resource con-
tains extensive demographic, clinical, pharmacologic, laboratory,
vital signs and clinical outcomes information which is derived from
multiple validated sources including the Corporate Data Warehouse
and the VA electronic medical records.

For the current study, we first identified all vaccinated and unvac-
cinated persons between December 15, 2020 and March 30, 2021.
Cases (i.e. persons with breakthrough infection) were persons who
had received both doses of either the Pfizer-BNT-162b2 or the

Moderna-mRNA-1273 vaccine and had at least one positive SARS-
CoV-2 PCR test >14 days after the second dose. We excluded those
with a positive SARS-CoV-2 PCR test up to 7 days before the second
dose of the vaccine. Controls were persons who had not received any
vaccine for SARS-CoV-2 infection, had not had any positive test prior
to December 15, 2020 and had at least one positive test after Decem-
ber 15, 2020. Among this group, we created two matched groups of
controls, matched 1:1 to each case. First group was matched on age,
race, sex, body mass index, Charlson comorbidity score, date of first
positive test, and 4 geographic regions as defined by the US Census
Bureau [9]. Second group was matched on all above criteria except
matching on geographic regions. Both groups were also matched on
the date of the first positive test (within +/- 7 days) of the corre-
sponding case. It should be noted that group 2 contains cases and
controls included in group 1.

2.2. Definitions

Presence of SARS-CoV-2 infection was defined as a clinical sample
positive for the virus by RT-PCR. Comorbidities were defined as per
the definition of the VA COVID-19 Shared Data Resource, which in
turn uses validated definitions extracted from the VA Corporate Data
Warehouse. These definitions have been used in numerous previous
publications related to SARS-CoV-2 infection [10-14].

Disease severity was defined using modified World Health Orga-
nization criteria [15]. Our primary outcome of interest was severe
disease or death in persons with breakthrough infection >14 days
after the second dose of vaccination and in matched controls with
infection who were never vaccinated. Severe disease was defined as
hospitalization, admission to an intensive care or monitored setting,
invasive or non-invasive mechanical ventilation, or death. Specific
directed treatment for SARS-CoV-2 was defined as use of >4 days of
remdesivir and/or corticosteroids, at least one administration of con-
valescent plasma or at least one dose of tocilizumab, each prescribed
after the first diagnosis date for SARS-CoV-2.

2.3. Statistical analyses

Baseline characteristics of persons with SARS-CoV-2 breakthrough
infection after vaccination and in matched unvaccinated controls
with infection were compared using Chi-squared test for categorical
and students t-test for continuous variables. We determined the rate/
1000 person-days of severe disease or death by various baseline char-
acteristics. We used Cox proportional hazards model to calculate the
hazards ratios and 95% confidence intervals for factors associated
with development of severe disease. A two-sided p-value for <0.05
was considered statistically significant.

2.4. Ethical approval

The study was approved by the Institutional Review Board at VA
Pittsburgh Healthcare System with waiver of informed consent
requirement.

2.5. Role of funding

There was no external funding for this study.

3. Results

We identified 258,716 persons who had received both doses of
vaccines and 756,150 persons who had not received any vaccination.
Among those, we identified 271 (0.1%) vaccinated persons with
breakthrough infection and 48,114 (6.4%) unvaccinated persons with
confirmed infection after December 20, 2020. (Fig. 1)
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N =250 in each group

Fig. 1. Construction of the study data-set.

3.1. Matched group 1

For matched group 1 (matched on age, race, sex, body mass index,
Charlson comorbidity score, date of first positive test, and 4 geo-
graphic regions as defined by the US Census Bureau), we were able to
find 213 vaccinated persons who developed infection >14 days after
their second dose of vaccination and 213 unvaccinated matched per-
sons who developed infection. (Fig. 1) The median age was 73 years,
95% were males, and 84% were White. The median body mass index
was 29.5 kg/m? in those with breakthrough infection and 30.4 kg/m?
in the control group (P = 0.23). Symptoms were present in 33.3% of
those with breakthrough infection and 42.2% of the controls
(P=0.06). (Table 1) Other baseline characteristics including the prev-
alence of various comorbidities are also provided in Table 1.

A total of 79 persons met the definition of severe disease or death
(42 in those with breakthrough infection and 37 in the controls). Rate
of severe disease or death per 1000 person-days (95% CI) was 4.08
(2.84,531) among those with breakthrough infection and 3.60
(2.53,4.73) among the controls (P = 0.58). (Table 2) Rates among the
two groups were similar in various age categories and by race, body
mass index and presence of comorbidities. (Table 2)

Kaplan-Meier curves comparing event-free survival for severe dis-
ease or death did not reveal any significant difference among those
with breakthrough infection vs. the controls. (Fig. 2, Panel A) In Cox
proportional hazards analysis, presence of anemia was the only factor
associated with higher risk of severe disease or death (HR 2.89, 95% CI
1.58,5.28). Being vaccinated was not associated with a lower risk of
severe disease or death (HR 0.88, 95% CI1 0.57,1.36). (Table 3)

3.2. Matched group 2

For matched group 2 (matched on all previous criteria except the
4 geographic regions), we identified 250 vaccinated persons who
developed infection >14 days after their second dose of vaccination
and 250 unvaccinated matched controls who developed infection.
The median age was 73.5 for those with breakthrough infection and

72.5 years for the controls, and 94% were males, 80% were White and
the median body mass index was 29 kg/m? for both groups. Symp-
toms were present in 31.2% of those with breakthrough infection and
41.2% of the controls (P = 0.02). (Table 1) Other baseline characteris-
tics including the prevalence of various comorbidities are also pro-
vided in Table 1.

A total of 103 persons met the definition of severe disease or
death (50 in those with breakthrough infection and 53 in the con-
trols). Rate of severe disease or death per 1000 person-days (95% CI)
was 4.15 (3.00,5.30) among those with breakthrough infection and
4.50 (3.37,5.70) among the controls (P = 0.68). (Table 2) Rate was sig-
nificantly higher among Blacks in the control group (7.43
[4.11,13.41]) compared with Blacks with breakthrough infection
(1.19 [0.30,4.78]; P = 0.02) and among controls with a body mass
index <30 kg/m? (7.41 [4.84,10.20]) compared with those with
breakthrough infection in the same body mass index category (4.33
[2.63,6.03]; P = 0.05). The latter comparison was borderline statisti-
cally significant. There was no difference based on the number of
comorbidities in the two groups. (Table 2)

Kaplan-Meier curves comparing event-free survival for severe dis-
ease or death did not reveal any significant difference among those
with breakthrough infection and controls. (Fig. 2, Panel B) In Cox pro-
portional hazards analysis, presence of anemia was the only factor
associated with higher risk (HR 4.92, 95% CI 2.63,9.20), while being
vaccinated was associated with a lower risk of severe disease or
death (HR 0.62, 95% C1 0.43,0.91). (Table 3)

4. Discussion

With the emergency use authorization of several highly effective
vaccines against the SARS-CoV-2 virus infection, there is a critical
need to define the outcomes in persons with breakthrough infection.
We provide information on a large number of confirmed break-
through infections and infection in well-matched unvaccinated con-
trols. Our data suggests being vaccinated offers significant protection
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Table 1
Baseline characteristics of persons with documented SARS-CoV-2 infection >14 days after vaccination compared with infection in those who were not vaccinated.
Matched group 1' Matched group 22
Breakthrough infections Infection among P-value  Breakthrough infections Infection among P-value
among vaccinated N =213 unvaccinated N =213 among vaccinated N=250  unvaccinated N = 250
Median age (IQR) years 73 (69,78) 73(67,78) 0.28 73.5(69,79) 72.5(67,77) 0.09
Male sex 95.31% 95.31% 1.00 94.00% 94.00% 1.00
Race
White 84.04% 84.04% 1.00 80.00% 80.00% 1.00
Black 10.33% 10.33% 14.00% 14.00%
Other/unknown 5.63% 5.63% 6.00% 6.00%
Body mass index, kg/m?, mean (SD)
Mean, SD 29.5(6.5) 304 (6.4) 0.23 29.5(6.4) 29.2 (6.8) 0.71
Comorbidities
Diabetes 46.48% 51.17% 0.33 48.40% 53.60% 0.24
Hypertension 75.59% 78.87% 0.42 76.40% 79.20% 0.45
Coronary artery disease 37.56% 37.09% 0.92 37.20% 38.40% 0.78
Chronic kidney disease 27.70% 21.60% 0.14 30.80% 28.80% 0.62
Chronic lung disease (COPD) 44.60% 48.83% 0.38 44.00% 44.00% 1.00
Anemia 69.01% 58.22% 0.02 72.00% 57.60% 0.001
Cancer diagnosis 34.27% 37.56% 0.48 36.40% 39.20% 0.52
Current smoker 11.74% 9.86% 0.53 11.20% 10.40% 0.77
Symptomatic at baseline 33.33% 42.25% 0.06 31.20% 41.20% 0.02
Geographical location 0.53 0.18
Urban 72.77% 70.89% 74.80% 68.80%
Rural 26.76% 29.11% 24.80% 31.20%
Unknown 0.47% 0.00% 0.40% 0.00%
Median annual income (IQR), 25,453 24,820 0.75 23,654 25,246 0.95
x10% US dollars (12,582,40,152) (12,864,36,211) (12,090,38,400) (12,456,36,211)
Treatment received after infection
Remdesivir 2.82% 7.04% 0.04 2.40% 6.40% 0.03
Steroids 0.00% 0.47% 0.32 0.00% 0.80% 0.50
Tocilizumab 0.47% 1.41% 0.32 0.40% 1.20% 0.62

1 Matched group 1 was matched on age, race, sex, body mass index, Charlson comorbidity score, date of first positive test, and 4 geographic regions as defined by the US Cen-

sus Bureau.

2 Matched group 2 was matched on all of the above except 4 geographic regions as defined by the US Census Bureau.

Table 2
Disease severity (severe disease or death) rate per 1000 person-days by subgroups among those who were vaccinated.
Matched group 1' Matched group 22
N Vaccinated N Unvaccinated P-value N Vaccinated N Unvaccinated P-value
Severe disease rate, overall 42 4.08 (2.84,5.31) 37 3.60(2.53,4.73) 0.58 50 4.15(3.00,5.30) 53 4.5(3.37,5.70) 0.68
By age
<=40 0 0 0 0
>40 — 60 2 1.96 (0.49,7.85) 4 3.43(1.29,9.13) 0.52 2 1.68 (0.42,6.70) 3 2.10(0.68,6.51) 0.80
>60 — 70 8 3.40(1.04,5.76) 4 1.75(0.48,3.16) 0.28 9 3.02 (1.05,5.00) 13 4.51(2.40,6.83) 0.36
>70 32 4.75(3.11,6.4) 29 4.37(2.93,5.92) 0.75 39 5.07 (3.48,6.66) 37 5.10(3.59,6.70) 0.98
By race
White 39 4.58(3.14,6.02) 30 3.46 (2.34,4.67) 0.25 44 4,59 (3.23,5.94) 40 4.2 (3.00,5.48) 0.69
Black 0 5 5.09(1.65,8.93) 2 1.19(0.30,4.78) 11 743 (4.11,13.41)  0.02
Other/Unknown 3 441(1.42,13.68) 2 3.15(0.79,12.61)  0.71 4 5.10(0.10,10.10) 2 2.61(0.32,4.82) 0.44
By sex
Female 0 1 1.18(0.17,8.36) 0 1 0.85(0.12,6.01)
Male 42 446 (3.11,5.81) 36 3.82(2.67,5.04) 0.49 50 4.62 (3.34,5.89) 52 491 (3.67,6.23) 0.75
By BMI, kg/m?
<30 20 3.97(2.23,5.72) 20 5.86 (3.58,8.34) 0.22 25 4.33(2.63,6.03) 26 7.41(4.84,10.20)  0.05
>=30 20 5.39(3.03,7.75) 11 3.58(1.79,5.56) 0.28 21 4.81(2.75,6.87) 15 6.06 (3.39,8.98) 0.49
By comorbidities
None 2 2.04(0.51,8.18) 0 2 1.87 (0.47,7.47) 0
1-3 23 3.37(2.004.75) 24 4.12(2.64,5.72) 0.49 28 3.60(2.27,4.93) 31 4.54 (3.08,6.09) 0.37
4 or more 17 6.79(3.56,10.00) 13 3.64(1.94,5.51) 0.09 20 6.25(3.51,8.99) 22 6.24(3.91,8.77) 1.00

! Matched group 1 was matched on age, race, sex, body mass index, Charlson comorbidity score, date of first positive test, and 4 geographic regions as defined by the US

Census Bureau.

2 Matched group 2 was matched on all of the above except 4 geographic regions as defined by the US Census Bureau.

against severe disease or death in persons with breakthrough infec-
tion.

We performed two sets of complementary analyses to determine
the rate and risk factors for severe disease or death among vaccinated
persons with breakthrough infection compared with well-matched

unvaccinated persons with confirmed infection. First analysis
matched for demographic and clinical factors as well as geographic
location where the infection was diagnosed, while the second analy-
sis matched for all previous factors except the geographical location.
The reason for second analysis was the low number of matched pairs
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Fig. 2. Kaplan-Meier curves demonstrating the probability of remaining free of severe disease or death among those with breakthrough infection vs. matched unvaccinated controls
who developed infection. The groups are matched on age, sex, race, BMI, Charlson comorbidity score, 1st positive test date and additional criteria listed. Breakthrough infection
defined as infection after >14 days after second vaccine dose. Panel A—Also matched on geographic region Panel B—No additional matching.

Table 3
Factors associated with severe disease or death after vaccination (multivariable Cox proportional hazards analysis).
Matched group 1! Matched group 2°
Hazards ratio (95% CI)  P-value  Hazards ratio (95% CI) P-value
Age (per 10 years increase) 1.22(0.96,1.55) 0.10 1.24(1.00,1.54) 0.05
Male sex 2.44(0.32,18.59) 0.39 4.99(0.67,36.91) 0.12
Race (comparator: white)
Black 0.59 (0.24,1.50) 0.27 1.04 (0.58,1.88) 0.90
Other/unknown 1.05 (0.42,2.63) 0.92 0.85(0.37,1.96) 0.70
Body mass index >30 (comparator: <30) 1.18 (0.74,1.90) 0.49 1.36 (0.89,2.06) 0.16
Comorbidities
Diabetes 1.29(0.81,2.07) 0.29 1.25(0.83,1.87) 0.29
Coronary artery disease 1.01 (0.64,1.58) 0.98 1.03 (0.69,1.53) 0.89
Chronic kidney disease 1.06 (0.64,1.74) 0.83 0.97 (0.65,1.45) 0.89
Chronic lung disease (COPD) 0.88(0.56,1.37) 0.56 1.01(0.70,1.48) 0.94
Anemia 2.89(1.58,5.28) 0.001 4.92(2.63,9.2) <0.0001
Cancer diagnosis 0.84(0.54,1.31) 045 0.91(0.62,1.33) 0.62
Vaccinated (vs. unvaccinated) 0.88(0.57,1.36) 0.57 0.62 (0.43,0.91) 0.01
Income (comparator: <15,000)
15,000-30,000 0.58 (0.32,1.04) 0.07 1.11(0.69,1.78) 0.66
>30,000 0.76 (0.46,1.25) 0.28 0.83(0.53,1.29) 0.40
Missing 0.88(0.26,2.97) 0.84 0.60 (0.14,2.54) 0.49
Geographical location (comparator: urban)
Rural or very rural 0.87(0.54,1.40) 0.56 0.85(0.56,1.29) 0.44

1 Matched group 1 was matched on age, race, sex, body mass index, Charlson comorbidity score, date of first positive
test, and 4 geographic regions as defined by the US Census Bureau.
2 Matched group 2 was matched on all of the above except 4 geographic regions as defined by the US Census Bureau.

USD, USA dollars.

with outcome events of interest when matching was done with geo-
graphical location, thus decreasing the power to detect meaningful
differences between the groups. Using this approach, the incidence
rates of infection were quite similar though statistical significance
was lost for race and BMI variable when comparing vaccinated per-
sons with unvaccinated persons. In the Cox regression model, vacci-
nation status was associated with a significant decrease in the risk of
severe disease or death. The 95% confidence interval range in the sec-
ond model was entirely within the 95% confidence interval range of
the first model, strongly suggesting that the association is a true one,
and the lack of statistical significance in the first model was due to
the small number of events. It should be noted that geographical
location is a possible confounder which is accounted for in the first
model, but not in the second model. These results add to the growing
literature of vaccine effectiveness in the general population and pro-
vides assurance that vaccination is effective in preventing severe con-
sequences among those who experience breakthrough infection after
vaccination.

Other than anemia, presence of comorbidities was not associated
with a higher risk of severe disease or death. This is likely due to the
matching of the two groups by comorbidity burden. We used the
widely accepted WHO definition of anemia (hemoglobin <13 g/dL for

men and <12 g/dL for women), which is a very permissive definition
and picks up even very mild degrees of anemia. We also did not iden-
tify the cause of anemia. A more careful analysis of the effect of ane-
mia upon outcomes is warranted. On the other hand, remdesivir use
was more common in the unvaccinated group. Remdesivir is indi-
cated in persons with SARS-CoV-2 infection with at least some degree
of symptoms or hypoxia. Indeed, persons in the unvaccinated group
were more likely to be symptomatic, which may at least partly
explain the difference.

Our sensitivity analyses using a more permissive definition of
breakthrough infection (>7 days after the second vaccine dose)
largely mirrored the main findings in terms of effect size. Due to a
larger number of outcome events, certain risk factors which were not
statistically significant in the main analyses attained statistical signif-
icance. These results need to be interpreted with caution since there
may be some biological differences in persons with early vs. late
breakthrough infection.

Overall, a comparison of all vaccinated persons with breakthrough
infection versus all unvaccinated persons with infection revealed that
the vaccinated persons were older, more likely to be White and had a
higher burden of comorbidities. These findings are in line with the
prioritization of vaccination for these high-risk individuals.
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Conversely, vaccinated persons were less likely to have symptoms at
the time of diagnosis and less likely to receive remdesivir treatment.
Again, this can be explained by the observation that vaccination car-
ries benefits and that remdesivir is approved only for persons with
some degree of symptoms.

There are several strengths of this study, including a large national
and geographically diverse population. The US Veterans population is
an especially vulnerable population due to older age and a higher bur-
den of comorbidities. Vaccination effectiveness in breakthrough infec-
tions is particularly reassuring and suggestive of an even larger benefit
in the general population. However, certain limitations of our study
should be noted. We did not study the effect of different variants of
concern upon outcomes. However, we have previously shown that the
Pfizer-BNT162b2 vaccine has an effectiveness of 89.5% against the
alpha variant and 74.5% against the beta variant. The vaccine is nearly
100% effective in preventing critical illness or death [4]. More recent
data and news reports have also demonstrated the effectiveness of
current vaccines against the delta variant, with the Pfizer-BNT-162b2
and the Oxford—AstraZeneca vaccines being 96% and 92% protective
against hospitalization by the delta variant [16,17].

Our population was predominantly male and socioeconomically
disadvantaged, as evidenced by the lower median annual income in
both groups compared with the US averages. This may limit the gen-
eralizability of our findings to the larger population. However, based
on demographic and socioeconomic factors, and burden of comorbid-
ities, the Veterans are among the highest risk group for poor out-
comes. Therefore, these data are critically important in
understanding the course of disease in this high-risk population.
Finally, it is possible that the testing strategy and reason for testing
may have introduced a bias in those being included in one group.
However, it is quite unlikely and would have minimal impact on our
results for the following reasons. With the large number of Veterans
in each group (258,716 in the vaccinated and 756,150 unvaccinated),
we would expect the reason for testing in the two groups to be rela-
tively evenly distributed. In our analyses, we match the groups on
demographic and clinical variables, further reducing the risk of bias.
We also matched the two groups on the test date and the clinical
facility where testing was done, which would minimize any temporal
and regional variations in testing.

In conclusion, we found that SARS-CoV-2 vaccination is associated
with a lower risk of severe disease or death in persons with break-
through infection after adjusting for several confounders. These
results provide additional evidence and justification for vaccinating
the population, particularly those at a high-risk of poor outcomes.
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