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ABSTRACT
Objective  To estimate the effectiveness of messenger 
RNA (mRNA) booster doses during the period of Delta and 
Omicron variant dominance.
Design  We conducted a matched test-negative case–
control study to estimate the vaccine effectiveness (VE) of 
three and two doses of mRNA vaccines against infection 
(regardless of symptoms) and against COVID-19-related 
hospitalisation and death.
Setting  Veterans Health Administration.
Participants  We used electronic health record data from 
114 640 veterans who had a SARS-CoV-2 test during 
November 2021–January 2022. Patients were largely 65 
years or older (52%), male (88%) and non-Hispanic white 
(59%).
Main outcome measures  First positive result for a SARS-
CoV-2 PCR or antigen test.
Results  Against infection, booster doses had higher 
estimated VE (64%, 95% CI 63 to 65) than two-dose 
vaccination (12%, 95% CI 10 to 15) during the Omicron 
period. For the Delta period, the VE against infection was 
90% (95% CI 88 to 92) among boosted vaccinees, higher 
than the VE among two-dose vaccinees (54%, 95% CI 50 
to 57). Against hospitalisation, booster dose VE was 89% 
(95% CI 88 to 91) during Omicron and 94% (95% CI 90 to 
96) during Delta; two-dose VE was 63% (95% CI 58 to 67) 
during Omicron and 75% (95% CI 69 to 80) during Delta. 
Against death, the VE with a booster dose was 94% (95% 
CI 90 to 96) during Omicron and 96% (95% CI 87 to 99) 
during Delta.
Conclusions  Among an older, mostly male, population 
with comorbidities, we found that an mRNA vaccine 
booster was highly effective against infection, 
hospitalisation and death. Although the effectiveness of 
booster vaccination against infection was moderately 
higher against Delta than against the Omicron SARS-CoV-2 
variant, effectiveness against severe disease and death 
was similarly high against both variants.

INTRODUCTION
In March 2020, the WHO declared COVID-
19, the disease caused by SARS-CoV-2, a 
pandemic.1 By December 2020, the US Food 

and Drug Administration (FDA) issued emer-
gency use authorisations for two messenger 
RNA (mRNA) vaccines, based on the spike 
glycoprotein of the Wuhan strain of SARS-
CoV-2, for prevention of COVID-19.2 3

Despite early reports on the effectiveness 
of these vaccines4–9 and the persistence of 
anti-SARS-CoV-2 antibodies following vacci-
nation,10 frequent mutations have increas-
ingly challenged the effectiveness of these 
vaccines.11 12 In July 2021, a new, more infec-
tious variant, B.1.617.2 (Delta), became 
the most dominant variant in the USA.13 In 
November 2021, another variant, B.1.1.529 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study included a large, diverse population of 
US veterans and near real-time access to medical 
records.

	⇒ We used a test-negative case–control approach to 
implicitly account for differences in health-seeking 
behaviours between cases and non-cases.

	⇒ By restricting participation to individuals who had 
used the Department of Veterans Affairs health 
system in the past 2 years and were also tested 
for COVID-19 in the VA system, we increased our 
confidence that participants were active users of 
the VA healthcare system for vaccination, medical 
office visits and hospitalisations; nonetheless, some 
misclassification of vaccination status and missing 
hospitalisation records (for veterans seeking care 
outside of the Veterans Health Administration) were 
still possible.

	⇒ Symptoms and reasons for SARS-CoV-2 testing 
were infrequently coded.

	⇒ Sequencing data were not yet available for indi-
vidual SARS-CoV-2 laboratory tests so we defined 
dominant circulation periods for each SARS-CoV-2 
variant of interest based on the Centers for Disease 
Control and Prevention estimates of variant circula-
tion in the USA.
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(Omicron), was identified in the USA and became 
the dominant variant by mid-December. Although the 
Omicron variant is more infectious than Delta, it is consid-
ered less deadly.14 However, the number of mutations 
in Omicron’s spike protein, compared with the Wuhan 
strain, is larger than Delta, raising questions regarding 
the effectiveness of the FDA-authorised vaccines against 
Omicron.15

We previously reported9 11 the effectiveness of COVID-19 
mRNA vaccines against infection, hospitalisation and 
mortality among Veterans Health Administration (VHA)-
enrolled veterans through September 2021, when the 
major circulating variants in the USA included Alpha, 
Beta and Delta. We found the estimated vaccine effec-
tiveness (VE) to remain high in the first 3 months after 
vaccination and to decrease significantly after 5 months.11 
With the rise of the Omicron variant in December 2021–
January 2022 and the lengthening time from vaccination 
with the two-dose primary series, we updated our esti-
mates of the VE to measure continued effectiveness of 
both mRNA vaccines in a population including the entire 
USA and included VE estimates for the booster (three-
dose) vaccination.

Starting in September 2021, the Centers for Disease 
Control and Prevention (CDC) Advisory Committee on 
Immunization Practices recommended a booster dose 
of COVID-19 vaccine to increase protection.16 17 As of 
early March 2022, the VHA had over 4 million fully vacci-
nated veterans (two doses of mRNA vaccine or one dose 
of Johnson & Johnson’s Janssen COVID-19 vaccine) and 
over 1.6 million veterans had received an mRNA booster.18 
As of March 2022, the VHA reported more than 613 000 
COVID-19 cases and 21 309 confirmed deaths.18

Early reports19–22 showed lower VE against infection for 
the fully vaccinated (two-dose series) and even for those 
who received a booster (three-dose) during the Omicron 
period, but the VE against hospitalisation23 remained 
high during both periods. These early reports on the 
Omicron variant were regional in the USA, focused on 
one of the mRNA vaccines not both or were from outside 
the USA. We sought to estimate the VE against infection, 
hospitalisation and mortality for mRNA vaccines autho-
rised in the USA (Pfizer-BioNTech and Moderna) for 
the fully vaccinated (two-dose) and those who received 
a booster (three-dose) of mRNA vaccines during the 
Delta and Omicron dominant periods13 in the US veteran 
population, which includes individuals across the USA 
with underlying health conditions and diverse socioeco-
nomic backgrounds.

METHODS
We followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology reporting guideline.

Patient and public involvement statement
Neither patients nor the public were involved in this study.

Data source
We used electronic medical records and COVID-19 labo-
ratory test data from the VHA Corporate Data Warehouse 
(CDW) to define infection irrespective of symptoms. The 
VHA CDW holds electronic medical records for about 
nine million US veterans who use the VHA’s network 
of 1293 healthcare facilities, including hospitals and 
outpatient clinics.24 Using the CDC variant tracking 
data,13 we presumed positive tests during January 2022 
were Omicron SARS-CoV-2 infections and those positive 
during November 2021 were Delta. Because December 
2021 represented an overlap of both variants, we excluded 
positive tests from that month. As Medicare claims were 
available only up to August 2021, we used them to find 
COVID-19 diagnoses, vaccinations and hospitalisations 
prior to the study period to exclude patients with history 
of COVID-19 and to augment our vaccination records. 
Since this population of veterans was largely over 65 years 
old, we supplemented CDW data with available Medicare 
data because even frequent users of VHA may use Medi-
care for additional healthcare services. We used VHA 
CDW records to determine date of death and hospitalisa-
tions with admission diagnosis related to COVID-19.

Study design
To estimate the VE against infection, we conducted a 
matched test-negative case–control study.

The inclusion criteria were the following: (1) tested at 
the VHA for SARS-CoV-2 via antigen or PCR; (2) enrolled 
in VHA benefits for 2+ years and a veteran; (3) met the 
VHA use criteria of one inpatient or two outpatient visits 
during the 2 years prior to the study period; (4) resi-
dent of US state or Washington, DC; (5) exposed in the 
community (excluding those hospitalised >1 day prior to 
test); (6) 18 years old or older at the time of the test, with 
valid demographic data (excluding those with missing sex 
or date of birth); (7) COVID-19-naïve (excluding those 
with a positive test or diagnosis code in VHA or Medi-
care prior to the study period); (8) veterans with positive 
tests during the study period were included as cases; (9) 
veterans with negative tests during the study period were 
included as controls; (10) the test occurred during the 
study period (November 2021 (Delta predominance) or 
January 2022 (Omicron predominance)); and (11) classi-
fiable vaccination status: 0–3 doses of mRNA vaccination. 
Exclusions were (1) negative tests taken within 10 days 
following a positive test and (2) veterans vaccinated with 
Janssen vaccine.

We matched each case (positive tests) with up to four 
controls (negative tests) based on the Health and Human 
Services geographical region and SARS-CoV-2 laboratory 
tests within 3 weeks of the case specimen collection date as 
both are measures of local disease burden. Demographic 
characteristics of the matched population were described 
by reporting the frequency and proportion for categor-
ical variables and the mean (SD) for continuous variables. 
Standardised mean differences25 were used to describe 
differences in characteristics between cases and controls. 
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For estimated VE against hospitalisation and death, we 
used a matched case–control design. Depending on 
the analysis, cases were those hospitalised or were those 
who died within 30 days of the positive COVID-19 test. 
Controls were those not hospitalised or who did not die 
within 30 days of their SARS-CoV-2 tests, irrespective of 
test results. Any patient with dual Medicare-VHA enrol-
ment who had a claim for COVID-19-related hospitalisa-
tion prior to the study period was already excluded, thus 
ineligible to be a control. Hospitalisations were defined as 
a hospital admission diagnosis related to COVID-19 after 
a positive SARS-CoV-2 test.

To better inform our interpretation of VE against hospital-
isation and mortality in the two time periods, we conducted 

a subanalysis where we assessed the VE against COVID-
19-related hospitalisation and death among those already 
infected, restricting our hospitalisation and mortality anal-
ysis to patients with a positive test. Cases were defined as 
before, and controls were those who were not hospitalised 
or who did not die within 30 days of a positive test. We also 
compared the average length of stay (LOS) and rates of 
intensive care unit (ICU) admission among those hospital-
ised in the Delta and Omicron periods.

Exposure
We defined two-dose vaccination as receipt of two doses 
of an mRNA COVID-19 vaccine and booster vaccination 
as receipt of a third dose of an mRNA vaccine (about 95% 

Figure 1  Attrition. mRNA, messenger RNA; VHA, Veterans Health Administration; DC, Washington, DC; VA, Department of 
Veterans Affairs.
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of mRNA third doses occurred approximately 6 months 
after the second dose). We designated exposure to the 
two-dose regimen or a booster from 14 days following 
vaccination, excluding events on days 0–13. We desig-
nated patients as unvaccinated if they had no record of 
vaccination either in VHA CDW or in Medicare.

Statistical analysis
We used conditional logistic regression to calculate the 
odds ratio (OR) with 95% CI for the association between 
positive SARS-CoV-2 testing and two or three doses of 
mRNA COVID-19 vaccine during the Delta and Omicron 
periods. In the model, we included the number of mRNA 

Table 1  Baseline characteristics of matched study subjects

Delta Omicron

Case (4134) Control (16 536) SMD* Case (32 983) Control (126 363) SMD*

Number of mRNA vaccines, n (%)

 � 0 2300 (56) 3951 (24) 68.6 13 153 (40) 29 110 (23) 36.9

 � 1 66 (2) 329 (2) 3.0 887 (3) 2900 (2) 2.5

 � 2 1627 (39) 8035 (49) 18.7 11 983 (36) 35 400 (28) 17.9

 � 3 141 (3) 4221 (26) 66.2 6960 (21) 58 953 (47) 56.1

Vaccine manufacturer for first dose, n (%)

 � Moderna 1057 (26) 7120 (43) 37.5 9935 (30) 50 921 (40) 21.4

 � Pfizer-BioNTech 777 (19) 5465 (33) 33.0 9890 (30) 46 283 (37) 14.1

 � Janssen 0 0 0 <11 49 (0) S

 � No vaccine recorded 2300 (56) 3951 (24) 68.6 13 153 (40) 29 110 (23) 36.9

Age, years, n (%)

 � 18–44 904 (22) 114 (1) 71.0 7828 (24) 8966 (7) 47.4

 � 45–64 1417 (34) 6091 (37) 5.3 12 884 (39) 47 365 (37) 3.2

 � 65–74 1110 (27) 6381 (39) 25.2 7738 (23) 41 715 (33) 21.3

 � 75–84 537 (13) 2871 (17) 12.2 3584 (11) 21 345 (17) 17.5

 � 85+ 166 (4) 1079 (7) 11.2 949 (3) 6972 (6) 13.2

Race/ethnicity, n (%)

 � Black, non-Hispanic 494 (12) 4636 (28) 41.1 8523 (26) 37 049 (29) 7.8

 � Hispanic, any race 193 (5) 601 (4) 5.2 1973 (6) 7425 (6) 0.4

 � White, non-Hispanic 3193 (77) 10 139 (61) 35.0 20 038 (61) 72 067 (57) 7.6

 � Other 254 (6) 1160 (7) 3.5 2449 (7) 9822 (8) 1.3

Sex, n (%)

 � Female 420 (10) 1656 (10) 0.5 4419 (13) 15 126 (12) 4.3

 � Male 3714 (90) 14 880 (90) 0.5 28 564 (87) 111 237 (88) 4.3

Quan’s CCI

 � Mean (SD) 0.8 (1.5) 1.6 (2.1) 44.2 0.8 (1.5) 1.3 (1.9) 31.8

 � Median (Q1–Q3) 0 (0–1) 1 (0–2)  �  0 (0–1) 1 (0–2)  �

Comorbid conditions

 � Cancer 180 (4) 1296 (8) 14.6 1387 (4) 8542 (7) 11.2

 � Congestive heart failure 202 (5) 1574 (10) 18.0 1420 (4) 9495 (8) 13.6

 � Hypertension 1314 (32) 7783 (47) 31.7 10 333 (31) 53 387 (42) 22.8

 � Obesity 391 (9) 1770 (11) 4.1 2851 (9) 12 452 (10) 4.2

 � Diabetes without complications 608 (15) 2941 (18) 8.4 4529 (14) 21 207 (17) 8.5

 � Diabetes with complications 279 (7) 2230 (13) 22.5 2075 (6) 13 970 (11) 17.0

 � Immunocompromising conditions 463 (11) 3229 (20) 23.2 3464 (11) 20 904 (17) 17.7

Q1–Q3, quartiles 1–3.
See online supplemental table S1 (Young-Xu et al9) for definitions of variables in this table.
*Standardised mean difference (SMD) of 10 or greater was used to identify imbalance between cases and controls.25

CCI, Charlson Comorbidity Index, Quan’s version; S, suppressed due to small numbers.

https://dx.doi.org/10.1136/bmjopen-2022-063935
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vaccine dose (two or three) as the primary explanatory 
variable, an indicator variable for SARS-CoV-2 presumed 
variant (Delta or Omicron) based on test date, and their 
interaction terms. We estimated the association between 
SARS-CoV-2 infections and the number of mRNA vaccine 
dose by the OR, adjusting for age (continuous), race, 
rurality, VHA benefits priority and comorbid conditions 
(cancer, congestive heart failure, hypertension, immu-
nocompromising conditions, obesity and diabetes). 
Confounders were determined based on a prior study9 11 
and known factors associated with SARS-CoV-2.26 We also 
used conditional logistic regression to analyse the VE 
against hospitalisations and death. Due to sample size 
and the scope of the study, we did not analyse one dose of 
mRNA vaccine.

Severity of disease was determined by the average 
LOS in days between admission date and discharge date 
for overall COVID-19-related hospitalisations and the 
average LOS in an ICU during a hospitalisation related 
to COVID-19.

All tests were two-tailed and we chose 0.05 as the level of 
statistical significance. We performed data analysis using 
SAS V.9.4.

RESULTS
Study population
In November 2021 (Delta period) there were 4134 posi-
tive SARS-CoV-2 tests (cases) and 170 316 negative tests 
(controls) (figure  1). After matching, 4134 cases and 

16 536 controls remained (see table 1 for baseline char-
acteristics); 2300 (56%) cases and 3951 (24%) controls 
were unvaccinated at the time of testing. In January 2022 
(Omicron period) there were 32 983 positive tests (cases) 
and 263 780 negative tests (controls). After matching, 
32 983 cases and 126 363 controls remained. At the time 
of testing, 13 153 (40%) cases and 29 110 (23%) controls 
remained unvaccinated. During both periods, cases 
tended to have a lower Charlson Comorbidity Index score 
and to be younger than controls. Patients included in this 
study were largely 65 years or older (94 447, 52%), male 
(158 395, 88%) and non-Hispanic white (105 437, 59%). 
The cases in both the Delta and Omicron periods had 
similar proportions of comorbid conditions at baseline, 
while the controls during the Delta period had a slightly 
higher proportion of comorbid conditions (table 1). The 
reasons for testing and the presence of symptoms from a 
random sample of individuals who presented for testing 
are displayed in online supplemental table S1.

VE against infection
For those with two-dose mRNA vaccine, the VE was 54% 
(95% CI 50 to 57) for Delta and 12% (95% CI 10 to 15) 
for Omicron. The VE for those who received an mRNA 
vaccine booster was 90% (95% CI 88 to 92) in the Delta 
period and 64% (95% CI 63 to 65) in the Omicron period 
(table 2). For the Delta period, the median time from the 
second dose to the SARS-CoV-2 test date was 241 days and 
35 days from the third dose. As is expected this median 
time from the second dose of vaccination increased for 
the Omicron period to 289 days and 72 days from the 
third dose.

Hospitalisation and death
The VE against COVID-19-related hospitalisation for 
those who received two-dose mRNA vaccine was 75% 
(95% CI 69 to 80) in the Delta period and 63% (95% CI 
58 to 67) in the Omicron period (table 3). The VE against 
COVID-19-related hospitalisation for those who received 
an mRNA vaccine booster was 94% (95% CI 90 to 96) in 
the Delta period, higher than the two-dose VE, and 89% 
(95% CI 88 to 91) in the Omicron period (table 3). In a 
subanalysis restricted to those with a positive COVID-19 
test during the study period, we evaluated the VE against 
progression to hospitalisation among the infected only 
and we found that the VE for booster against COVID-
19-related hospitalisation was 53% (95% CI 12 to 75) in 
the Delta period, not statistically different from the two-
dose VE, and 78% (95% CI 74 to 81) in the Omicron 
period, almost twice higher than the two-dose VE (online 
supplemental table S2). Among Omicron-associated 
hospitalisations (regardless of vaccination status), the 
LOS averaged 6.5 days (95% CI 6.2 to 6.7 days), compared 
with 7.2 days (95% CI 6.6 to 7.8) among Delta-associated 
hospitalisations. Of the hospitalisations during the Delta 
period, 11.3% (95% CI 8.8% to 13.8%) resulted in ICU 
admission; in contrast, 8.3% (95% CI 7.2% to 9.5%) of 

Table 2  Estimated vaccine effectiveness against 
laboratory-confirmed SARS-CoV-2 infection by dose and 
variant

Variant
Number of dose vs 
unvaccinated

Adjusted VE, 
% (95% CI)*

Omicron Second dose (cases: 24 136; 
controls: 79 953)

12 (10 to 15)

Omicron Third dose (cases: 19 839; 
controls: 69 182)

64 (63 to 65)

Delta Second dose (cases: 3878; 
controls: 15 576)

54 (50 to 57)

Delta Third dose (cases: 2342; 
controls: 9395)

90 (88 to 92)

The numbers exclude Johnson & Johnson’s Janssen vaccines 
as of the date of the Johnson & Johnson’s Janssen vaccine. 
Second and third doses are for mRNA vaccines compared with no 
vaccination in the indicated variant-predominant period beginning 
14 days after vaccination. Tests occurring 0–13 days after 
vaccination were excluded.
*Cases and controls were matched 1:4 on HHS region and date. 
The adjusted variables include the following: age (continuous), 
body mass index (missing, normal <26, overweight/obese >26), 
cancer, congestive heart failure, chronic kidney disease, chronic 
obstructive pulmonary disease, diabetes mellitus, hypertension, 
immunocompromised, priority level, race/ethnicity and rurality.
HHS, Health and Human Services; mRNA, messenger RNA; VE, 
vaccine effectiveness.

https://dx.doi.org/10.1136/bmjopen-2022-063935
https://dx.doi.org/10.1136/bmjopen-2022-063935
https://dx.doi.org/10.1136/bmjopen-2022-063935
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COVID-19-related hospitalisations during the Omicron 
period resulted in ICU admission (figure 2).

For those who received two doses of mRNA vaccines, 
the VE against death was 92% (95% CI 85 to 97) during 
the Delta period and 77% (95% CI 67 to 83) during the 
Omicron period. The VE against death for those who 
received an mRNA vaccine booster was 96% (95% CI 87 
to 99) and not different from the two-dose VE during the 
Delta period, and was 94% (95% CI 90 to 96), higher 
than the two-dose VE, during the Omicron period.

DISCUSSION
Our study shows that veterans who received an mRNA 
vaccine booster were highly protected against COVID-
19-related outcomes, particularly hospitalisation and 
death, during both the Delta and Omicron periods. 
These findings largely align with other VE studies of 
Omicron.19–23 27 Also, among veterans tested positive for 
COVID-19, irrespective of vaccination, those infected 
during the Omicron period were less likely than those 
infected during the Delta period to be hospitalised and, 
if hospitalised, had shorter LOS and lower likelihood of 
ICU admission.

We found that the booster dose significantly increased 
protection against infection, regardless of symptoms, 
providing higher protection than the two-dose regimen 
during both variant-predominant periods. However, the 
VE of the booster dose against Delta was consistently 
higher than that against Omicron. These results were 
generally aligned with published findings. Early results 
from Southern California20 showed that booster doses 
improved the VE against infection when compared with 
two doses during both the Delta and Omicron periods. 
Similarly, a study from Israel focusing specifically on the 
Pfizer mRNA vaccine during the Delta period estimated 
that a booster vaccination reduced the rate of confirmed 

Table 3  Estimated vaccine effectiveness against COVID-
19-related hospitalisation and death by dose and variant

Variant
Number of dose vs 
unvaccinated

Adjusted VE, % 
(95% CI)*

Hospitalisation

 � Omicron Second dose (cases: 1746; 
controls: 6964)

63 (58 to 67)

 � Omicron Third dose (cases: 1403; 
controls: 5611)

89 (88 to 91)

 � Delta Second dose (cases: 570; 
controls: 2282)

75 (69 to 80)

 � Delta Third dose (cases: 381; 
controls: 1532)

94 (90 to 96)

Death

 � Omicron Second dose (cases: 322; 
controls: 1285)

77 (67 to 83)

 � Omicron Third dose (cases: 267; 
controls: 1066)

94 (90 to 96)

 � Delta Second dose (cases: 109; 
controls: 431)

92 (83 to 96)

 � Delta Third dose (cases: 89; 
controls: 354)

96 (87 to 99)

The numbers exclude Johnson & Johnson’s Janssen vaccines 
as of the date of the Johnson & Johnson’s Janssen vaccine. 
Second and third doses are for mRNA vaccines compared with 
no vaccination in the indicated variant-predominant period 
beginning 14 days after vaccination. Tests occurring 0–13 days 
after vaccination were excluded.
*Cases and controls were matched 1:4 (max) without 
replacement on HHS and laboratory test date within 3 weeks. 
The adjusted variables include the following: age (continuous), 
body mass index (missing, normal <26, overweight ≥26), 
cancer, congestive heart failure, chronic kidney disease, chronic 
obstructive pulmonary disease, diabetes mellitus, hypertension, 
immunocompromised, priority level, race/ethnicity and rurality.
HHS, Health and Human Services; mRNA, messenger RNA; VE, 
vaccine effectiveness.

Figure 2  Average hospital length of stay and intensive care unit (ICU) use during the Delta and Omicron periods. Length of 
stay is the number of days between admission and discharge dates.
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infection compared with those who did not receive a 
booster, bringing the VE up to that reported against the 
Alpha variant.28

Although we found moderate VE against hospitalisa-
tion after two-dose vaccination, the booster dose signifi-
cantly improved the VE against hospitalisation during 
the Delta and Omicron periods. The estimated VE of the 
booster dose against mortality was high during both the 
Delta and Omicron periods. These estimates of high VE 
against mortality resembled the reduced risk of mortality 
reported elsewhere in the USA.29

A study from South Africa that focused on two doses of 
the Pfizer vaccine found an estimated VE against hospital-
isation of 93% (95% CI 90 to 94) during the Delta period 
and 70% (95% CI 62 to 76) during the Omicron period.19 
While we found a similar drop in effectiveness from the 
Delta to the Omicron period, our VE estimates were lower 
for both periods. Waning protection over time and differ-
ences in populations may contribute to the discrepancy 
in our findings.

Our supplementary cases-only analysis showed that 
booster vaccination was still highly effective against hospi-
talisation among vaccine breakthrough cases in both the 
Omicron and Delta periods, with a higher point estimate 
for the Omicron period (online supplemental table 
S2). This is consistent with a study from the UK showing 
reduced risk of hospitalisation among those infected with 
the Omicron variant compared with the Delta variant.30

Our results highlight the value of booster doses for 
protection against infection and more importantly against 
hospitalisation and death. They also revealed distinctive 
features of the two variants and lower severity of illness for 
the Omicron variant as compared with the Delta variant.

Strengths and limitations
The strengths of this study include a large, diverse popu-
lation and near real-time access to medical records. The 
VHA population offers insight into populations often 
under-represented in US studies: racial minorities with a 
wide range of socioeconomic backgrounds. Also, the VHA 
veteran population is older (47% above 65),31 sicker32 
and predominantly male (90% male).31

Although data on symptomatic versus asymptomatic 
infections and reasons for SARS-CoV-2 testing were infre-
quently recorded, in a random sample of veterans who 
tested positive and had a detailed record, about a quarter 
reported no symptoms. Possible misclassification of vacci-
nation status and missing hospitalisation records are of 
concerns because veterans could go elsewhere for vacci-
nation and hospitalisation. For veterans enrolled in Medi-
care, we checked records through August 2021 (latest 
available Medicare data) for COVID-19 vaccination, diag-
noses and related hospitalisations. We also limited the 
study population to veterans who routinely sought care at 
the VHA to minimise misclassification. We assessed patient 
vaccination status as of November 2021 and January 2022. 
Other studies, including one of our own, have examined 
waning mRNA VE against infection,11 33 34 so we did not 

labour further on this topic. Nevertheless, veterans with 
underlying conditions and health-seeking behaviours 
may have been vaccinated earlier, thus increased their 
likelihood of having reduced immunity.

Sequencing data were not available for individual SARS-
CoV-2 laboratory tests so we defined variant periods based 
on the estimated variant proportions in the USA by the 
CDC. To reduce misclassification, we excluded December 
2021, when Delta and Omicron variants shared domi-
nance, analysing November 2021 (when Delta was almost 
100% dominant) and January 2022 (when Omicron was 
90%–100% dominant) separately.13 In a future study we 
plan to use individual sequencing data after they become 
available in the VHA.

CONCLUSION
In November 2021, the CDC expanded the booster 
recommendation to everyone 18 years and older 6 
months after their second mRNA dose or 2 months after 
receiving Johnson & Johnson’s Janssen vaccine.7 At that 
time, the two-dose mRNA VE among our study popu-
lation of VHA veterans was 54%, 75% and 92% against 
COVID-19 infection, hospitalisation and death due to 
the Delta variant, respectively. Our findings indicate that 
mRNA vaccine boosters were very effective against severe 
COVID-19-related outcomes during both the Delta and 
Omicron periods among a predominantly male popu-
lation. Moreover, the booster vaccination reduced the 
likelihood of hospitalisation among infected patients. 
Overall, the mRNA vaccine boosters provided a level of 
protection against Omicron like that of two-dose vaccine 
against Delta, with VE at 64%, 89% and 94% against 
infection, hospitalisation and death, respectively. We can 
witness the impact of the mRNA vaccine boosters as case 
numbers continue to drop and the surge of the Omicron 
variant abates across the USA.
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