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Vaccine effectiveness (VE) against COVID-19 hospitalization 
was evaluated among immunocompetent adults (≥18 years) 
during March–August 2021 using a case-control design. Among 
1669 hospitalized COVID-19 cases (11% fully vaccinated) and 
1950 RT-PCR–negative controls (54% fully vaccinated), VE was 
96% (95% confidence interval [CI], 93%–98%) among patients 
with no chronic medical conditions and 83% (95% CI, 76%–
88%) among patients with ≥ 3 categories of conditions. VE was 

similar between those aged 18–64 years versus ≥65 years (P > 
.05). VE against severe COVID-19 was very high among adults 
without chronic conditions and lessened with increasing co-
morbidity burden.

Keywords. chronic medical conditions; COVID-19; preex-
isting conditions; vaccine effectiveness.

Through October 2021, the coronavirus disease 2019 (COVID-
19) pandemic caused by severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) resulted in more than 2.3 million 
hospitalizations and 690 000 deaths in the United States [1]. In 
December 2020, the US Food and Drug Administration granted 
emergency use authorization for 2 messenger RNA (mRNA) 
COVID-19 vaccines, BNT162b2 from Pfizer-BioNTech and 
mRNA-1273 from Moderna [1].

mRNA COVID-19 vaccines elicit immunity against the SARS-
CoV-2 spike protein [2] and have been shown in clinical trials [3, 
4] and observational studies [5–7] to be effective in preventing 
severe COVID-19 requiring hospitalization. Real-world evalu-
ations of vaccine effectiveness (VE) against COVID-19 hos-
pitalization frequently pool multiple age groups and persons 
with and without preexisting chronic medical conditions. VE 
estimates by age group and comorbidity burden can comple-
ment large pooled VE analyses using heterogenous populations. 
Identifying the heterogeneity of VE against severe COVID-19 
can also potentially inform decisions about targeting preventive 
measures to populations most likely to benefit from them.

Prior work has identified heterogeneity of VE by immuno-
compromised state, age, variants, and time since vaccination 
[5–7], leading to decisions in the United States to provide a 
third vaccine dose to immunocompromised persons and a 
booster dose to adults generally [8]. Despite some evidence that 
mRNA VE could differ by factors such as burden of chronic 
medical conditions, race/ethnicity, sex, and obesity (body mass 
index [BMI] ≥ 30 kg/m2) [9], these factors have not often been 
studied in detail. Therefore, we evaluated the effectiveness of 
mRNA vaccines against COVID-19 hospitalizations stratified 
by burden of chronic conditions, age, and other demographics.

METHODS

The Centers for Disease Control and Prevention (CDC) collab-
orates with the Influenza and Other Viruses in the Acutely Ill 
(IVY) Network to monitor effectiveness of COVID-19 vaccines 
against COVID-19 hospitalization. As previously described 
[5, 6], we prospectively enrolled adults ≥ 18 years of age at 21 
IVY Network hospitals during 11 March to 15 August 2021. 
We have reported VE during this surveillance period [5, 6], 
but did not assess VE by burden of chronic conditions or other 
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characteristics presented here. Using a case-control design, we 
assessed mRNA VE against COVID-19 hospitalization by com-
paring odds of prior vaccination in hospitalized case patients 
with COVID-19 versus control patients without COVID-19. 
We restricted analysis to immunocompetent persons because 
our objective was to inform VE within the general population.

Case or control status was determined by clinical testing re-
sults as well as centralized reverse transcription polymerase 
chain reaction (RT-PCR) testing of upper respiratory sam-
ples at Vanderbilt University Medical Center (Nashville, TN). 
Cases were hospitalized with a COVID-19-like illness (≥1 of 
fever, cough, shortness of breath, loss of taste or smell, use of 
respiratory support for the acute illness, pulmonary findings 
on chest imaging consistent with pneumonia) and had a pos-
itive RT-PCR or antigen test for SARS-CoV-2 within 10 days 
following symptom onset. Two hospitalized control groups 
that tested negative for SARS-CoV-2 by RT-PCR were enrolled: 
(1) test-negative controls with COVID-19-like illness and (2) 
syndrome-negative controls without COVID-19-like illness. 
The second control group was included due to imperfect diag-
nostic accuracy of SARS-CoV-2 tests, which could lead to mis-
classification of cases. Vaccination coverage and VE estimates 
were highly similar for individual control groups [7], and there-
fore these groups were combined to improve statistical power. 
Sites attempted a 1:1 enrollment ratio of cases to controls in 
each group, with controls admitted within 2 weeks of cases, al-
though individual matching was not performed.

Vaccination status was determined primarily by review of elec-
tronic medical records (EMRs), state vaccine registries, provider 
or pharmacy records, and available CDC vaccination cards, with 
patient or proxy self-report of vaccination (including known date 
and location) during enrollment interviews considered as vaccin-
ated in the absence of source documentation. Vaccination status 
was classified based on vaccine receipt before a reference date, 
defined as the date of symptom onset for cases and test-negative 
controls and days prior to admission for syndrome-negative con-
trols. Participants were either unvaccinated or were fully vaccin-
ated if 2 doses of a mRNA vaccine were received ≥ 14 days before 
the reference date; patients were excluded if they received ≥ 1 vac-
cine doses but were not fully vaccinated, received a non-mRNA 
vaccine, or received multiple COVID-19 vaccine products.

Trained personnel obtained information on participants’ 
preexisting chronic medical conditions associated with severe 
COVID-19 [10] through EMR review [7] using a standardized 
case report form (Supplementary Table 1). Individual condi-
tions were grouped into 7 categories: cardiovascular, neurologic, 
pulmonary, gastrointestinal, endocrine, renal, and hematologic. 
Participants were classified by the number of categories in 
which conditions were documented (0, 1, 2 or ≥ 3).

Logistic regression models, with COVID-19 case status as 
the outcome and vaccination status as the predictor, were used 
to estimate overall VE adjusted for date of admission (biweekly 

intervals), age (continuous), sex, self-reported race and ethnicity, 
burden of underlying conditions (0, 1, 2, or ≥ 3 categories), and 
US Health and Human Services region of the admitting hospital. 
VE was calculated as: VE = (1 − adjusted odds ratio) × 100.

Interaction terms were introduced into the main VE model 
to evaluate VE by primary characteristics of interest: age group 
(18–64 years or ≥ 65 years) and number of chronic medical con-
dition categories (0, 1, 2, or ≥ 3). Additional exploratory models 
were constructed with interaction terms between vaccination 
status and race/ethnicity (non-Hispanic white, non-Hispanic 
black, Hispanic, all other races non-Hispanic, unknown), sex 
(female or male), and obesity (obese or not obese). To estimate 
VE by condition category within each age category, an addi-
tional regression model was fit to include the 3-way interaction 
among vaccination status, age group, and conditions category 
along with each 2-way interaction. Likelihood ratio χ2 tests were 
used to estimate whether differences in VE across groups were 
significant at a threshold of P < .05.

Older adults and those with certain chronic medical condi-
tions were targeted for early priority vaccination after mRNA 
vaccines became available and may be affected more by waning 
effectiveness than other groups that were vaccinated later, re-
sulting in potentially lower VE. Therefore, we performed a sen-
sitivity analysis that restricted vaccinated patients to those with 
a reference date within 120 days of their second vaccine dose, a 
period during which significant waning against severe COVID-
19 is not expected [6]. An additional sensitivity analysis was 
included to explore differences in VE by conditions burden re-
stricted to cases with hypoxemia (O2 saturation < 92% or supple-
mental oxygen support) within 24 hours of admission to account 
for the possibility of patients with multimorbidity being more 
likely to be hospitalized for mild illness (ie, admission bias).

This activity was conducted as a public health surveillance 
activity, with waiver of informed consent, consistent with ap-
plicable federal law and CDC policy, eg, 45 C.F.R. part 46.102(l)
(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 
U.S.C. §3501 et seq.

RESULTS

After excluding participants who did not meet inclusion cri-
teria, 3619 immunocompetent adults (1669 case patients, 11% 
fully vaccinated; 1950 control patients, 54% fully vaccinated) 
were included. Fully vaccinated patients (compared with un-
vaccinated) were older (median age, 67 vs 53 years), and more 
likely to report being non-Hispanic white (63% vs 48%), have 
been hospitalized ≥ 1 time during the past year (48% vs 35%), 
and have ≥ 1 chronic medical condition (88% vs 69%), in-
cluding cardiovascular disease (75% vs 52%), endocrine disease 
including diabetes (44% vs 30%), pulmonary disease (30% vs 
22%), and renal disease (21% vs 10%), but were less commonly 
obese (45% vs 53%) (Table 1). A similar proportion of cases 
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met our definition of hypoxemia across underlying condition 
categories (77%, 73%, 77%, and 71% for 0, 1, 2, and ≥ 3 condi-
tion categories, respectively).

VE differed by number of condition categories in a gradient, 
from persons with 0 categories of conditions (VE, 96%; 95% CI, 
93%–98%) to persons with ≥ 3 (VE, 83%; 95% CI, 76%–88%; 
P < .001) (Figure 1); results were similar when restricted to 
hypoxemic cases (Supplementary Figure 1). VE was not statis-
tically different for patients aged ≥ 65 years compared with pa-
tients aged 18–64 years (VE, 88% [95% CI, 84%–91%] vs 91% 
[95% CI, 88%–93%]; P = .142). The relationship between VE 
and number of chronic medical condition categories did not 
vary by age group (P = .903).

Exploratory analyses showed that VE differed by sex (male, 
88% [95% CI, 84%–91%] vs female, 92% [95% CI, 89%–94%]; 
P = .037) but not across race/ethnicity groups (P = .415) or by 
obesity status (obese, 91% [95% CI, 89%–94%] vs not obese, 
88% [95% CI, 85%–91%]; P = .105; Supplementary Table 2). 
Results were similar in a sensitivity analysis limiting the analyt-
ical population to patients with illness onset within 120 days of 
full vaccination.

DISCUSSION

This analysis suggests COVID-19 mRNA vaccines are highly 
effective for preventing COVID-19 hospitalizations for het-
erogeneous immunocompetent adults, with some decline in 
VE with increasing burden of chronic medical conditions. VE 
was very high (96%), including among adults ≥ 65 years old 
(95%), among people without conditions, which make up half 
the US population [11]. In addition, adults aged 18–64 years 
have accounted for the majority of cumulative US COVID-19 
hospitalizations, with hospitalization rates among the unvac-
cinated > 10 times those of the fully vaccinated [1]; they also 
tend to have lower vaccination coverage [12] and fewer con-
ditions and compared with adults aged ≥ 65 years. As efforts 
continue to increase vaccination coverage in the United States, 
these data suggest that vaccinating younger persons without 
chronic medical conditions will substantially reduce COVID-
19 hospitalizations.

Our findings also suggest that VE against COVID-19–asso-
ciated hospitalization decreases roughly proportionally to the 
number of chronic medical conditions, both overall and strati-
fied by age. The conditions included in our analysis align closely 
with those identified as risk factors for severe COVID-19 in 
the prevaccination era [10], suggesting that the same chronic 
conditions placing a person at high risk for severe COVID-
19 are also associated with COVID-19 hospitalization among 
vaccinated persons. Prior studies have suggested that anti-
body response and immune protection after vaccination could 
be attenuated for persons with severe chronic medical condi-
tions, including both immunocompromising conditions [13] 

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab619#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab619#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab619#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab619#supplementary-data
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and nonimmunocompromising conditions [14]; however, few 
show clear associations with lower VE. Our analysis shows that 
mRNA VE against severe disease is also lessened by chronic 
medical conditions among immunocompetent adults, inde-
pendent of age. Booster vaccines for recipients of COVID-19 
vaccines are now recommended for persons aged ≥ 18 years 
[15]. Our findings suggests that persons with a higher burden of 
chronic medical conditions may experience greater incremental 
benefit from additional vaccine doses.

Finally, our findings may have implications for interpretation 
of data from observational COVID-19 VE studies. Our finding 
of 96% VE against COVID-19 hospitalizations for healthy 
adults (ie, immunocompetent patients with no preexisting con-
ditions) was similar to VE against severe disease observed in 
mRNA COVID-19 vaccine clinical trials [3, 4]. This similarity 
suggests that efficacy estimates from phase 3 COVID-19 clin-
ical trials successfully approximated real-world VE for people 
without chronic medical conditions but overestimated effec-
tiveness for people with chronic medical comorbidities.

Our findings are subject to some limitations. Enrolling sites 
were academic medical centers and may have inpatient popula-
tions with a higher burden of chronic diseases than community 

hospitals. While the number of categories of chronic conditions 
was considered, the severity of conditions within each category 
was not; for example, hypertension and severe heart failure 
were both quantified as 1 cardiovascular condition. We had in-
complete capture of data for a few variables, such as height and 
weight used to determine BMI-based obesity (captured for 99% 
of patients). However, missing information was minimal and 
unlikely to bias VE estimates. Furthermore, persons with more 
chronic medical conditions may be more likely to be hospital-
ized even with milder COVID-19 illness, resulting in lower VE; 
however, VE was similar restricting analysis to cases with hy-
poxemia who would have an indication for admission. Multiple 
comparisons were made in this analysis, with the possibility of 
type I or type II error.

In conclusion, this analysis provides insight into the heteroge-
neity of VE by overall health status, beyond immunocompetency 
alone. Vaccination reduced the risk of COVID-19 hospitaliza-
tion by > 95% in healthy adults without chronic medical condi-
tions regardless of age, sex, obesity, or race/ethnicity. Continued 
efforts to vaccinate US adults, aided by the evaluation and re-
porting of VE for specific subpopulations, will likely have a 
marked impact on severe COVID-19.
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Figure 1. Vaccine effectiveness by age group and number of chronic medical conditions. Adjusted vaccine effectiveness (VE) was estimated using logistic regression com-
paring odds of being fully vaccinated with an mRNA COVID-19 vaccine versus being unvaccinated, in case patients and control patients, using the equation VE = 100 × (1 
− odds ratio). Overall VE by number of condition categories documented (0, 1, 2, or ≥ 3) was calculated by including an interaction term between vaccination status and 
number of condition categories. An additional model including a 3-way interaction between age, conditions, and vaccination status was included to calculate VE by number of 
condition categories within age groups. Models were additionally adjusted for date of hospital admission (biweekly intervals), US Department of Health and Human Services 
region of hospital, age (continuous), sex, and race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic of any race, non-Hispanic other, or unknown), and number of 
condition categories. VE point estimates are rounded to the nearest whole number. Error bars represent 95% confidence intervals.
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Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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