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COVID-19 mRNA vaccines (Pfizer-BioNTech and Moderna) 
have been shown to be highly protective against COVID-19–
associated hospitalizations (1–3). Data are limited on the level of 
protection against hospitalization among disproportionately affected 
populations in the United States, particularly during periods in 
which the B.1.617.2 (Delta) variant of SARS-CoV-2, the virus that 
causes COVID-19, predominates (2). U.S. veterans are older, more 
racially diverse, and have higher prevalences of underlying medical 
conditions than persons in the general U.S. population (2,4). CDC 
assessed the effectiveness of mRNA vaccines against COVID-19–
associated hospitalization among 1,175 U.S. veterans aged ≥18 years 
hospitalized at five Veterans Affairs Medical Centers (VAMCs) 
during February 1–August 6, 2021. Among these hospitalized per-
sons, 1,093 (93.0%) were men, the median age was 68 years, 574 
(48.9%) were non-Hispanic Black (Black), 475 were non-Hispanic 
White (White), and 522 (44.4%) had a Charlson comorbidity 
index score of ≥3 (5). Overall adjusted vaccine effectiveness against 
COVID-19–associated hospitalization was 86.8% (95% confidence 
interval [CI] = 80.4%–91.1%) and was similar before (February 1–
June 30) and during (July 1–August 6) SARS-CoV-2 Delta vari-
ant predominance (84.1% versus 89.3%, respectively). Vaccine 
effectiveness was 79.8% (95% CI = 67.7%–87.4%) among adults 
aged ≥65 years and 95.1% (95% CI = 89.1%–97.8%) among those 
aged 18–64 years. COVID-19 mRNA vaccines are highly effective 
in preventing COVID-19–associated hospitalization in this older, 
racially diverse population of predominately male U.S. veterans. 
Additional evaluations of vaccine effectiveness among various age 
groups are warranted. To prevent COVID-19–related hospitaliza-
tions, all eligible persons should receive COVID-19 vaccination.

During February 1–August 6, 2021, adults aged ≥18 years 
hospitalized at five VAMCs (in Atlanta, Georgia; Bronx, New 
York; Houston, Texas; Los Angeles, California; and Palo Alto, 
California) were screened for inclusion in this test-negative 
case-control assessment.† Patients were eligible for inclusion if 

* These authors contributed equally to this report.
† The test-negative study design included controls with the same clinical syndrome 

as case-patients to reduce bias from differences in health care–seeking behavior 
as well as access to testing and care.

they had COVID-19–like illness (i.e., fever, new or worsened 
cough or shortness of breath, loss of taste or smell, oxygen 
saturation on room air <94%, requirement for noninvasive 
ventilation or endotracheal intubation with mechanical ventila-
tion, or chest radiograph or computed tomography pulmonary 
findings consistent with pneumonia) (1) and a molecular test 
(reverse transcription–polymerase chain reaction [RT-PCR] or 
isothermal nucleic acid amplification test) for SARS-CoV-2 
performed within 14 days before admission or during the 
first 72 hours of hospitalization. The first SARS-CoV-2 test 
within this eligibility period was considered the qualifying test. 
Patients with COVID-19–like illness who received a positive 
SARS-CoV-2 test result were included as case-patients, and 
those with COVID-19–like illness with negative SARS-CoV-2 
test results were included as controls.

Electronic health records were reviewed to obtain data on 
demographic characteristics, underlying medical conditions, 
presenting illness, SARS-CoV-2 test results, COVID-19 vac-
cination history, and clinical course during hospitalization. In 
the Atlanta and Houston VAMCs, COVID-19 vaccination 
status was further verified through a review of state immuniza-
tion registries. Full vaccination was defined as receipt of both 
doses of an mRNA vaccine (Pfizer-BioNTech or Moderna) 
≥14 days before the qualifying SARS-CoV-2 test. Participants 
who received only 1 dose of an mRNA COVID-19 vaccine, 
2 mRNA doses with receipt of the second dose <14 days 
before the qualifying SARS-CoV-2 test, mixed mRNA vaccine 
products (i.e., a different product for each dose), or the Janssen 
(Johnson & Johnson) COVID-19 vaccine were excluded from 
the analysis. Available residual clinical respiratory specimens 
were collected from case-patients at all sites and sent to CDC 
for testing. Specimens were tested using CDC’s 2019-Novel 
Coronavirus RT-PCR Diagnostic Panel§; those with cycle 
threshold values <33 were submitted for SARS-CoV-2 whole 
genome sequencing (6). In addition, results from SARS-CoV-2 
whole genome sequencing conducted by VAMC laboratories 
on clinical specimens from Atlanta, Palo Alto, and Bronx 
VAMCs were also reported to CDC.

 § https://www.fda.gov/media/134922/download

https://www.cdc.gov/mmwr
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hxv5
Text Box
                                                  Please note: This report has been corrected.


https://www.cdc.gov/mmwr/volumes/70/wr/mm7037e3.htm?s_cid=mm7037e3_w


Morbidity and Mortality Weekly Report

MMWR / September 17, 2021 / Vol. 70 / No. 37 1295US Department of Health and Human Services/Centers for Disease Control and Prevention

Vaccine effectiveness (1 – adjusted odds ratio [aOR] × 100)¶ 
to prevent COVID-19–associated hospitalization was estimated 
by using multivariable logistic regression to compare the odds of 
full vaccination between case-patients and controls. Models were 
adjusted for VAMC site, admission date and age (with the use 
of cubic splines), sex, and race/ethnicity. Additional factors were 
included if they changed the aOR by ≥5% when added individu-
ally to the base model. Vaccine effectiveness was compared between 
subgroups using 95% confidence intervals (CIs). Analyses were 
conducted using SAS (version 9.4; SAS Institute). Protocols were 
reviewed and approved by the VAMC Research and Development 
Committee at each site. The activity was also reviewed by CDC and 
conducted consistent with applicable federal law and CDC policy.**

During February 1–August 6, 2021, a total of 1,494 hos-
pitalized U.S. veterans met inclusion criteria. After excluding 
319 ineligible persons (67 with missing demographic data or 
vaccination date or product information, 230 who received 
only 1 dose of mRNA COVID-19 vaccine or 2 doses <14 days 
before the qualifying SARS-CoV-2 test, one who received 
mixed mRNA COVID-19 vaccine products, and 21 who 
received the Janssen COVID-19 vaccine), 388 case-patients 
and 787 controls were included in the analysis. Among these 
1,175 patients, 1,093 (93.0%) were men, the median age was 
68 years (interquartile range [IQR] = 59–75 years), 574 (48.9%) 
were Black, and 93 (7.9%) were Hispanic (Table 1). Prevalence 
of underlying medical conditions was high and included obe-
sity (46.8%), diabetes (43.8%), atherosclerotic cardiovascular 
disease (29.2%), and chronic obstructive pulmonary disease 
(25.4%) (Table 1). Overall, 54 (13.9%) case-patients and 378 
(48.0%) controls were fully vaccinated. Among fully vaccinated 
persons, the median interval between the second COVID-19 
vaccine dose and the qualifying SARS-CoV-2 test was 83 days 
(IQR = 49–129). Among 171 case-patients with SARS-CoV-2 
lineage determined,†† Delta became the predominant variant 
across all sites in July 2021 (Figure).

The adjusted effectiveness of full vaccination in prevent-
ing COVID-19–associated hospitalization during the entire 
evaluation period (February 1–August 6, 2021) was 86.8% 
(95% CI  =  80.4%–91.1%) (Table 2). The adjusted vac-
cine effectiveness among persons admitted to the hospital 
before Delta variant predominance (February 1–June 30) 
(84.1%; 95% CI  =  74.1%–90.2%) was similar to vaccine 
effectiveness during Delta variant predominance (July 1–
August 6) (89.3%; 95% CI = 80.1%–94.3%). The estimated 
vaccine effectiveness among persons aged ≥65 years (79.8%; 

 ¶ h t t p s : / / w w w . w h o . i n t / p u b l i c a t i o n s / i / i t e m /
WHO-2019-nCoV-vaccine_effectiveness-measurement-2021.1

 ** 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

 †† Among case-patients with COVID-19–like illness and any COVID-19 
vaccination status.

95% CI = 67.7%–87.4%) was lower than among persons aged 
18–64 years (95.1%; 95% CI = 89.1%–97.8%), and no differ-
ence was found between persons who had completed the full 
vaccination series <90 days (86.1%; 95% CI = 76.5%–91.8%) 
versus ≥90 days (87.2%; 95% CI = 78.2%–92.5%) before their 
SARS-CoV-2 test date. Adjusted vaccine effectiveness estimates 
were also similar for Black (86.9%; 95% CI = 76.9%–92.6%) 
and White persons (88.1%; 95% CI = 77.4%–93.8%), as well 
as for Pfizer-BioNTech (83.4%; 95% CI = 74.0%–89.4%) 
and Moderna vaccines (91.6%; 95% CI =  83.5%–95.7%).

Discussion

Among U.S. veterans hospitalized at five VAMCs, mRNA vac-
cines were 86.8% effective in preventing COVID-19–associated 
hospitalizations and remained highly effective during a period of 
Delta variant predominance. The mRNA vaccines were effective 
against COVID-19–associated hospitalization among all age 
groups, although lower effectiveness (79.8%) was observed among 
veterans aged ≥65 years. These findings support current evidence 
that COVID-19 mRNA vaccines are highly effective in prevent-
ing COVID-19–associated hospitalization (1–3) and reinforce 
the importance of vaccination, including among veterans, who 
are at high risk for COVID-19 hospitalization because they are 
older and have a higher prevalence of underlying medical condi-
tions compared with persons in the general U.S. population (2,4).

Consistent with national trends,§§ Delta became the predomi-
nant SARS-CoV-2 variant in this cohort in July 2021. Protection 
against COVID-19–associated hospitalization remained high 
despite the emergence of Delta as the predominant variant in 
the United States; protection was similar during periods before 
(February–June 2021; 84.1%) and during (July–August 2021; 
89.3%) Delta variant predominance. Recent reports have shown 
that COVID-19 vaccine protection against SARS-CoV-2 infec-
tion is lower in areas with increasing Delta variant transmission 
(7,8); however, protection against severe disease outcomes, 
including hospitalization, remains high (7,9).

Although the observed vaccine effectiveness in this study 
is similar to that reported by other studies measuring pro-
tection against COVID-19–associated hospitalization, 
significantly lower vaccine effectiveness among older adults 
has not previously been observed (1,2,9). This might be a 
result of differences in the populations evaluated; periods 
of vaccine effectiveness assessment, including differences in 
vaccine coverage, variant circulation, and time since vaccina-
tion; and variability in unmeasured confounding. Decreased 
immunogenicity with increasing age has been reported after 
vaccination with COVID-19 mRNA vaccines (10). Because 
one fourth of adults included in this evaluation were aged 

 §§ https://covid.cdc.gov/covid-data-tracker/#variant-proportions

https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccine_effectiveness-measurement-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccine_effectiveness-measurement-2021.1
https://covid.cdc.gov/covid-data-tracker/#variant-proportions
hxv5
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TABLE 1. Characteristics of COVID-19 case-patients and controls among hospitalized veterans — five Veterans Affairs Medical Centers, 
United States, February 1–August 6, 2021

Characteristic

No. (%)

Total 
(N = 1,175)

Case-patients 
(n = 388)

Controls 
(n = 787)

Male sex 1,093 (93.0) 353 (91.0) 740 (94.0)
Age, yrs, median (IQR) 68 (59–75) 64 (53–73) 69 (62–76)
Age group, yrs
18–49 132 (11.2) 74 (19.1) 58 (7.4)
50–64 342 (29.1) 125 (32.2) 217 (27.6)
65–74 401 (34.1) 110 (28.4) 291 (37.0)
75–84 207 (17.6) 53 (13.7) 154 (19.6)
≥85 93 (7.9) 26 (6.7) 67 (8.5)
Race/Ethnicity
Black, non-Hispanic 574 (48.9) 195 (50.3) 379 (48.2)
White, non-Hispanic 475 (40.4) 141 (36.3) 334 (42.4)
Hispanic, any race 93 (7.9) 40 (10.3) 53 (6.7)
Other, non-Hispanic* 33 (2.8) 12 (3.1) 21 (2.7)
Resident in long-term care facility† (unknown = 58) 66 (5.9) 14 (3.8) 52 (7.0)
VAMC study site
Atlanta, Georgia 362 (30.8) 121 (31.2) 241 (30.6)
Bronx, New York 83 (7.1) 26 (6.7) 57 (7.2)
Houston, Texas 410 (34.9) 180 (46.4) 230 (29.2)
Los Angeles, California 223 (19.0) 44 (11.3) 179 (22.7)
Palo Alto, California 97 (8.3) 17 (4.4) 80 (10.2)
Month of hospital admission
February 275 (23.4) 101 (26.0) 174 (22.1)
March 174 (14.8) 51 (13.1) 123 (15.6)
April 202 (17.2) 63 (16.2) 139 (17.7)
May 138 (11.7) 29 (7.5) 109 (13.9)
June 99 (8.4) 26 (6.7) 73 (9.3)
July 224 (19.1) 87 (22.4) 137 (17.4)
August 63 (5.4) 31 (8.0) 32 (4.1)
Fully vaccinated for COVID-19§ 432 (36.8) 54 (13.9) 378 (48.0)
COVID-19 vaccine product among fully vaccinated
BNT162b2 (Pfizer-BioNTech) 285 (66.0) 43 (79.6) 242 (64.0)
mRNA-1273 (Moderna) 147 (34.0) 11 (20.4) 136 (36.0)
Days between second vaccine dose and SARS-CoV-2 test among 

fully vaccinated, median (IQR)
83 (49–129) 126 (68–144) 77 (47–123)

Underlying medical condition
Cardiovascular

Atherosclerotic cardiovascular disease¶ 335 (29.2) 78 (20.9) 257 (33.2)
Atrial fibrillation 168 (14.3) 50 (12.9) 118 (15.0)
Congestive heart failure 289 (24.6) 54 (13.9) 235 (29.9)
Hypertension 822 (70.0) 258 (66.5) 564 (71.7)
Venous thromboembolism** 69 (5.9) 20 (5.2) 49 (6.2)

Metabolic
Diabetes 515 (43.8) 162 (41.8) 353 (44.9)
Dyslipidemia 464 (39.5) 152 (39.2) 312 (39.6)
Obesity†† (unknown = 3) 549 (46.8) 208 (53.9) 341 (43.4)

Pulmonary
Asthma 86 (7.3) 19 (4.9) 67 (8.5)
Chronic obstructive pulmonary disease or emphysema 299 (25.4) 55 (14.2) 244 (31.0)
Obstructive sleep apnea 214 (18.2) 75 (19.3) 139 (17.7)

Neurologic
Dementia 79 (6.7) 25 (6.4) 54 (6.9)
Stroke or transient ischemic attack 125 (10.6) 33 (8.5) 92 (11.7)

Renal
Chronic kidney disease 239 (20.3) 66 (17.0) 173 (22.0)
End stage kidney disease on dialysis 59 (5.0) 14 (3.6) 45 (5.7)

Liver
Liver disease 113 (9.6) 28 (7.2) 85 (10.8)

Immunocompromising condition
Immunocompromising condition or therapy§§ 212 (18.4) 36 (9.6) 176 (22.7)

See table footnotes on the next page.
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Characteristic

No. (%)

Total 
(N = 1,175)

Case-patients 
(n = 388)

Controls 
(n = 787)

Charlson comorbidity index score¶¶

0 215 (18.3) 120 (30.9) 95 (12.1)
1–2 438 (37.3) 146 (37.6) 292 (37.1)
3–4 306 (26.0) 81 (20.9) 225 (28.6)
≥5 216 (18.4) 41 (10.6) 175 (22.2)
Tobacco use***
Current 242 (20.6) 49 (12.6) 193 (24.5)
Former 365 (31.1) 93 (24.0) 272 (34.6)
Hospitalizations in past year (unknown = 31)
0 671 (58.7) 267 (70.6) 404 (52.7)
1 238 (20.8) 66 (17.5) 172 (22.5)
2 93 (8.1) 18 (4.8) 75 (9.8)
≥3 142 (12.4) 27 (7.1) 115 (15.0)
Intensive care unit admission (unknown = 29) 242 (21.0) 85 (23.2) 157 (20.1)
Death (unknown = 28) 61 (5.3) 28 (7.7) 33 (4.2)

Abbreviations: IQR = interquartile range; VAMC = Veterans Affairs Medical Center.
 * Includes non-Hispanic American Indian and Alaska Native, non-Hispanic Asian and Pacific Islander, non-Hispanic multiple-race, and non-Hispanic other race persons.
 † Includes residence before admission at VAMC and non-VAMC nursing facilities as well as other VAMC long-term housing (e.g., Domiciliary Care Program facilities).
 § COVID-19 vaccination status includes unvaccinated, defined as no receipt of any COVID-19 vaccine, and fully vaccinated, defined as receipt of both doses of an mRNA COVID-19 

vaccine (Pfizer-BioNTech or Moderna) ≥14 days before the first SARS-CoV-2 test performed within 14 days before admission or during the first 72 hours of hospitalization.
 ¶ Includes coronary artery disease, myocardial infarction, peripheral vascular disease, and carotid artery stenosis.
 ** Includes history of deep venous thrombosis and pulmonary embolism
 †† Body mass index ≥30 kg/m2.
 §§ Includes HIV/AIDS, malignancy, history of solid organ or stem cell transplant, ulcerative colitis, Crohn’s disease, systemic lupus erythematosus, rheumatoid arthritis, systemic 

sclerosis, and receipt of immunosuppressive therapy (systemic steroids, chemotherapy, or other immunosuppressive therapy) within 1 month of SARS-CoV-2 test.
 ¶¶ Modified from King JT, Jr., Yoon J, Rentsch CT, et al. Development and validation of a 30-day mortality index based on pre-existing medical administrative data 

from 13,323 COVID-19 patients: The Veterans Health Administration COVID-19 (VACO) Index. PLoS ONE 2020;15:e0241825. 
 *** Tobacco use was defined as smoking cigarettes, cigars, or pipes. Current tobacco use was use within the 12 months before hospitalization; former use was 

>12 months before hospitalization.

FIGURE. SARS-CoV-2 whole genome sequencing lineage results* for specimens from veterans aged ≥18 years hospitalized with COVID-19 — 
five Veterans Affairs Medical Centers,† United States, February 1–August 6, 2021§
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* Residual clinical respiratory specimens with SARS-CoV-2 detected by reverse transcription–polymerase chain reaction with a cycle threshold <33 for at least one of two 

nucleocapsid gene targets were submitted for whole genome sequencing using a combination of Sanger and Illumina sequencing to maximize genome coverage. In 
addition, sequencing conducted at Veterans Affairs Medical Center laboratories (Clear Labs platform and Thermo Fisher Scientific Ion Torrent next-generation sequencing 
platform) were also included. The percentage of case-patient specimens sequenced varied over time and was lowest during February–March 2021.  

† Atlanta, Georgia; Bronx, New York; Houston, Texas; Los Angeles, California; and Palo Alto, California. 
§ Sequencing conducted through July 31, 2021.

TABLE 1. (Continued) Characteristics of COVID-19 case-patients and controls among hospitalized veterans — five Veterans Affairs Medical Centers, 
United States, February 1–August 6, 2021
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TABLE 2. Adjusted effectiveness* of full vaccination† with mRNA COVID-19 vaccines against COVID-19–associated hospitalization among 
veterans, by characteristics of case-patients and controls — five Veterans Affairs Medical Centers,§ United States, February 1–August 6, 2021

Characteristic

n/N (%)
Adjusted vaccine 

effectiveness 
% (95% CI)

Case-patients 
vaccinated/total

Controls 
vaccinated/total

Overall 54/388 (13.9) 378/787 (48.0) 86.8 (80.4–91.1)
Age group, yrs
18–64 10/199 (5.0) 93/275 (33.8) 95.1 (89.1–97.8)
≥65 44/189 (23.3) 285/512 (55.7) 79.8 (67.7–87.4)
Race/Ethnicity¶

Black, non-Hispanic 24/195 (12.3) 169/379 (44.6) 86.9 (76.9–92.6)
White, non-Hispanic 21/141 (14.9) 171/334 (51.2) 88.1 (77.4–93.8)
COVID-19 vaccine product among fully vaccinated
BNT162b2 (Pfizer-BioNTech) 43/388 (11.1) 242/787 (30.7) 83.4 (74.0–89.4)
mRNA-1273 (Moderna) 11/388 (2.8) 136/787 (17.3) 91.6 (83.5–95.7)
Date of hospital admission
February 1–June 30 22/270 (8.1) 249/618 (40.3) 84.1 (74.1–90.2)
July 1–August 6 32/118 (27.1) 129/169 (76.3) 89.3 (80.1–94.3)
No. of days since fully vaccinated
<90 days 19/388 (4.9) 215/787 (27.3) 86.1 (76.5–91.8)
≥90 days 35/388 (9.0) 163/787 (20.7) 87.2 (78.2–92.5)

Abbreviation: CI = confidence interval.
* All nonstratified models adjusted for study site, time (admission date), age, sex, and race/ethnicity. Stratified models exclude adjustment for stratification variable.
† Full vaccination was defined as receipt of both doses of an mRNA COVID-19 vaccine (Pfizer-BioNTech or Moderna) ≥14 days before the first SARS-CoV-2 test performed 

within 14 days before admission or during the first 72 hours of hospitalization.
§ Atlanta, Georgia; Bronx, New York; Houston, Texas; Los Angeles, California; and Palo Alto, California. 
¶ Because of small numbers of veterans in other racial/ethnic groups, vaccine effectiveness was estimated only for non-Hispanic Black and non-Hispanic White persons.

Summary
What is already known about this topic?

mRNA COVID-19 vaccines are effective in preventing severe 
COVID-19 outcomes, including hospitalization.

What is added by this report?

During February 1–August 6, 2021, vaccine effectiveness among 
U.S. veterans hospitalized at five Veterans Affairs Medical 
Centers was 87%. mRNA COVID-19 vaccines remain highly 
effective, including during periods of widespread circulation of 
the SARS-CoV-2 B.1.617.2 (Delta) variant. Vaccine effectiveness 
in preventing COVID-19–related hospitalization was 80% 
among adults aged ≥65 years compared with 95% among 
adults aged 18–64 years.

What are the implications for public health practice?

To protect against COVID-19–related hospitalization, all eligible 
persons should receive COVID-19 vaccination. Additional 
studies are needed to understand differences in COVID-19 
vaccine effectiveness across age groups.

≥75 years, age-related differences in immunogenicity might 
have significantly contributed to lower estimated effectiveness 
in older persons. Additional evaluations of vaccine effectiveness 
across age groups, including the relationship between age and 
duration of protection, are warranted.

The findings in this report are subject to at least four 
limitations. First, although the five VAMCs included in this 
assessment were in diverse geographic locations, they are not 

representative of the entire veteran population or the general 
U.S. population. Second, despite the inclusion of 1,175 partici-
pants, the statistical power was insufficient to detect potential 
differences in vaccine effectiveness among all subgroups. Third, 
vaccine effectiveness estimates might be confounded by certain 
unmeasured behaviors, including mask use or time spent in 
congregate settings. Finally, the number of veterans in this 
sample who received the Janssen COVID-19 vaccine was too 
small to assess the effectiveness of this vaccine in preventing 
COVID-19–associated hospitalization.

These findings show that the COVID-19 mRNA vaccines 
remain highly effective for preventing COVID-19–associated 
hospitalization in this older, racially diverse population of 
predominantly male U.S. veterans, including during periods 
of widespread circulation of the SARS-CoV-2 Delta variant. 
However, vaccine effectiveness was lower among veterans aged 
≥65 years than among those aged 18–64 years. Additional 
evaluations, particularly among older adults with high preva-
lences of underlying conditions, are important to assess vaccine 
effectiveness in these populations. COVID-19 vaccination 
of all eligible persons is essential to prevent COVID-19–
associated hospitalizations.
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