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COVID‐19 vaccines are an effective tool in preventing severe disease. Most states used an age‐based prioritiza-
tion for vaccine rollout. We examined the impact of a primarily age‐based prioritization policy on reductions of
severe disease in different racial and ethnic groups. We calculated age‐specific rates of COVID‐19 hospitaliza-
tion and death by race/ethnicity in Denver, Colorado. To assess potentially averted hospitalizations and deaths
by race/ethnicity, we then applied the first three phases of Colorado’s primarily age‐based vaccine rollout cri-
teria to historical 2020 COVID‐19 hospitalizations and deaths in Denver, Colorado. In the first 3 phases, 40%
(1403/3473) of hospitalizations and 83% (503/604) of deaths occurred among those meeting age and long‐
term care facility criteria and could have been averted. Impacts varied by race/ethnicity with only 28%
(440/1587) of hospitalizations and 74% (131/178) of deaths averted among Hispanic or Latino residents, com-
pared to 57% (619/1094) of hospitalizations and 92% (252/274) of deaths among non‐Hispanic White resi-
dents. We demonstrate using local data and policy that early age‐based prioritization decisions
disproportionately promoted reductions in severe disease among non‐Hispanic White residents irrespective
of COVID‐19 risk in Denver, Colorado. These findings suggest that more equitable future vaccine prioritization
policies, which lead with a goal of reducing health disparities through prioritizing susceptibility to adverse
health outcomes rather than overall population‐based cutoffs, are necessary. Our results have implications
for future vaccination rollouts in limited vaccine resource conditions.
1. Introduction

Vaccines are one of the most effective tools in preventing severe
coronavirus disease 2019 (COVID‐19) and mitigating transmission
[1]. Ensuring a high percentage of the population are vaccinated is
critical to reducing the negative health and societal impacts of the pan-
demic, and carefully planned vaccination policies and strategies are
essential to achieving this goal. The COVID‐19 pandemic has high-
lighted the persistent role of structural racism in health disparities,
with individuals who identify as Black, Hispanic or Latino, and Indige-
nous, and those living in areas of lower socioeconomic opportunity
being over‐represented among patients diagnosed, hospitalized and
dying of COVID‐19 [2–6]. Vaccine equity — defined as prioritizing
vaccinations based on the best available evidence for reducing severe
disease while treating all with equal dignity and value— is paramount
to addressing new and existing health disparities [7,8]. This includes
using data (qualitative, quantitative, and disaggregated to sub‐
population levels) to capture multiple intersections of risk, prioritiza-
tion of those who have experienced the largest burden of disease,
and working with those communities to tailor vaccination distribution
with transparency and cultural humility. However, national guidance
for the initial rollout, when vaccine availability was limited, utilized
a largely age‐based strategy [9]. Decisions on vaccine rollout were ulti-
mately made at the local level and varied by state, [10] with most
adopting some form of age prioritization: [10] few prioritized sub‐
populations based on local epidemiology [11]. While the risk for
COVID‐19 hospitalizations and deaths increases with age, exclusively
age‐based approaches ignore fundamental differences in comorbidities
and life expectancy by race/ethnicity, geographic concentration of
communicable disease, and barriers to healthcare [12].

As of April 2022, two‐thirds of the eligible US population were fully
vaccinated, a little less than half of whom have received a booster vac-
cine [13]. National and state data show that Black and Hispanic or
Latino vaccination rates lagged behind those of the Asian and
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non‐Hispanic White populations for the first several months of avail-
ability [14]. Initial rollout strategies for boosters based on time from
completion of the initial vaccination and/or older age only repeats
the original strategies, and although vaccination disparities have been
closing over time, booster doses remain lower among Black and His-
panic or Latino people [14]. There is a need to re‐examine strategies
for vaccine rollout to achieve better protection in the future. The cur-
rent analysis utilized local public health surveillance data on cases,
hospitalizations, and deaths to estimate the impact of age‐based vacci-
nation strategies on preventing severe disease by race and ethnicity.
Findings from our analysis provide data‐driven information that can
be used to inform policies and strategies to optimize vaccination cov-
erage for additional COVID‐19 boosters and future pandemics.
2. Materials and methods

We used a cross‐sectional study design, including all adult
(≥18 years) residents in Denver County with laboratory‐confirmed
COVID‐19 reported to the state and local health department from
March 1, 2020 through December 31, 2020. Data were accessed
through the Colorado Electronic Disease Reporting System (CEDRS)
and collected as part of the routine public health response, including
case investigation interviews, laboratory‐reported data, and medical
record reviews. We categorized race/ethnicity into six groups: Black,
non‐Hispanic (Black); White, non‐Hispanic (White); Asian/Pacific
Islander, non‐Hispanic (Asian/Pacific Islander); American Indian/
Alaska Native, non‐Hispanic (American Indian/Alaska Native); multi-
ple race or other, non‐Hispanic; and Hispanic or Latino. Age was
defined as age at the date a case was reported to the state health
department. Hospitalization and death status were obtained from local
public health case report forms. Hospitalization due to COVID‐19 was
indicated in the case investigation interviews, through chart review, or
determined through routine state linkage to hospital records. Deaths
included all deaths among persons with COVID‐19. Persons missing
age were excluded; those missing race/ethnicity were included in
overall Denver County estimates but excluded from race/ethnicity‐
specific estimates. Denver County population estimates were obtained
from the Department of Local Affairs, 2019 Denver County population
estimates by race, ethnicity, and age [15].
Table 1
Summary of COVID-19 Outcomes for Denver County residents, aged 18 and over, M

Characteristic Denver Adult Population
(N = 590056)

Cases
(N = 416

No. (%) No. (%)

Age group (years)
18–29 135,737 (23.0) 13,758 (3
30–39 139,320 (23.6) 9896 (23
40–49 106,813 (18.1) 6818 (16
50–59 82,412 (14.0) 5176 (12
60–69 69,071 (11.7) 3211 (7.7
70–79 36,545 (6.2) 1627 (3.9
80+ 20,158 (3.4) 1139 (2.7
Race and ethnicity
American Indian/Native Alaskan 4003 (0.7) 325 (1.0)
Asian/Pacific Islander 25,664 (4.3) 1004 (3.0
Black 54,791 (9.3) 2406 (7.1
Hispanic or Latino 152,176 (25.8) 16,365 (4
White 353,422 (59.9) 12,683 (3
Multiple or other — 1088 (3.2
Unknown — 7754
Long–Term Care Facility Residents — 1263

Significant p-value for two proportion Z-test for equality of proportions compared
(s): Colorado Electronic Disease Reporting System; Colorado State Demography
denominators for long-term care residents were unavailable.

2

This study focused on hospitalizations and deaths averted in Den-
ver County by the first 3 phases of Colorado’s vaccine rollout: 1) Phase
1A: Highest‐risk health care workers and individuals, including long‐
term care facility (LTCF) residents, 2) Phase 2B.1: Coloradans age 70
and over, moderate‐risk health care workers and first responders,
and 3) Phase 1B.2: Coloradans ages 65–69, pre‐K‐12 educators, child
care workers in licensed child care programs, and those required for
continuity of state government [16]. The percentage of hospitaliza-
tions and deaths averted for Denver overall and by race/ethnicity
was calculated by phase, dividing persons with a COVID‐19 hospital-
ization or death and meeting vaccine phase criteria by the overall
number of persons experiencing a COVID‐19 hospitalization or death.
These phases spanned the first 3 months of vaccine distribution in Col-
orado (December 11, 2020‐March 5, 2021). We limited our analyses to
age and long‐term care resident criteria because occupational criteria
were a) not readily available for all in standard case report forms
and b) primarily focused on prevention through methods other than
personal risk of hospitalization and death (such as preserving capacity
to care for patients, reducing transmission to high‐risk populations,
and enabling return to school).
2.1. Statistical analysis

We compiled descriptive statistics for COVID‐19 cases, hospitaliza-
tions, and deaths in Denver County by age group, race/ethnicity, and
long‐term care facility resident status. We used a two proportion Z‐test
of equal proportions to evaluate significant differences in age and
race/ethnicity proportions among cases, hospitalizations, and deaths
to the proportional distribution of the Denver County adult popula-
tion. Age‐specific hospitalization and death rates were calculated for
the following age groupings: 18–29, 30–39, 40–49, 50–59, 60–69,
70–79, and 80 + years using Department of Local Affairs 2019 Denver
County population estimates. We calculated 95 % confidence intervals
for age‐specific rates using a Poisson distribution. All statistical analy-
ses were performed using SAS Enterprise Guide version 7.11 (Statisti-
cal Analysis System, Cary, NC, USA). This study was reviewed by the
Colorado Multiple Institutional Review Board and determined to be
exempt.
arch 1, 2020- December 31, 2020.

25)
Hospitalizations
(N = 3473)

Deaths
(N = 604)

No. (%) No. (%)

3.1) *** 312 (9.0) *** 5 (0.8) ***
.8) 381 (11.0) *** 8 (1.3) ***
.4) *** 445 (12.8) *** 18 (3.0) ***
.4) *** 633 (18.2) *** 53 (8.8) ***
) *** 667 (19.2) *** 80 (13.2)
) *** 519 (14.9) *** 161 (26.7) ***
) *** 516 (14.9) *** 279 (46.2) ***

*** 33 (1.0) * 10 (1.7) **
) *** 122 (3.6) 22 (3.8)
) *** 410 (12.0) *** 68 (11.7) *
8.3) *** 1587 (46.4) *** 178 (30.6) ***
7.4) *** 1094 (32.0) *** 274 (47.2) ***
) 173 (5.1) 29 (5.0)

54 23
348 254

to Denver adult population at * p<0.05 **p<0.01 ***p<0.001. Data source
Office, Department of Local Affairs (DOLA), 2019. County-level population
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3. Results

Between March 1, 2020‐December 31, 2020, there were 46,782
laboratory‐confirmed cases of COVID‐19 reported among residents of
Denver County, Colorado. Of those, 18/46,782 (0.04 %) were
excluded due to missing age, and 41,625 were ≥ 18 years and there-
fore, included in the study. Approximately half of all COVID‐19 cases
(48.3 %) and hospitalizations (46.4 %) in Denver County were among
Hispanic or Latino residents, roughly double their representation in
the Denver population (25.8 %; Table 1). Black residents had a slightly
lower percentage of cases (7.1 %) but higher percentage of hospitaliza-
tion and death (12.0 % and 11.7 %) compared to their representation
in the Denver population (9.3 %). American Indian/Alaska Native res-
idents had a higher percentage of cases, hospitalization, and death
(1.0 %, 1.0 %, 1.7 %) compared to their representation in the Denver
population (0.7 %) and White residents had substantially lower case,
hospitalization, and death rates (37.4 %, 32.0 %, 47.2 %) compared
to their representation in the Denver population (59.9 %). The
Asian/Pacific Islander population had a lower percentage of cases
and similar percentage of hospitalizations and deaths as their repre-
Fig. 1. COVID-19 age-specific hospitalization rates by race/ethnicity, Denver Count
(s): Colorado Electronic Disease Reporting System; Colorado State Demography O

3

sentation in the Denver population. The majority of deaths occurred
among those in the older age groups, ranging from 0.8 % of total
deaths occurring in the 18–29 age group to 46.2 % of all deaths occur-
ring in persons aged 80 years and older.

Age‐specific rates of hospitalization were higher with each succes-
sive age group from 229.9/100,000 persons in the 18–29 year age
group to 2559.8/100,000 persons among those 80 + years (Fig. 1;
Supplemental Table 1). Similar to hospitalizations, higher mortality
rates were observed within the oldest age groups ranging from
3.7/100,000 persons among those 18–29 to 1384.1 /100,000 persons
among those 80 years and older (Fig. 2; Supplemental Table 1). A
higher proportion of Black and Hispanic or Latino residents experi-
enced severe illness or death at younger ages than White residents.
Data on other racial groups are not reported here due to small sample
size.

Overall, during phase 1A of the vaccine rollout, 10 % (348/3473)
of hospitalizations and 42 % (251/604) of deaths could have been pre-
vented if all long‐term care facility residents were vaccinated and
immune (Fig. 3a). Thirty‐two percent (1125/3473) of hospitalizations
and 78 % (472/604) of deaths could have been averted if all long‐term
y residents, aged 18 and over, March 1, 2020- December 31, 2020. Data source
ffice, Department of Local Affairs (DOLA), 2019.



Fig. 2. COVID-19 age-specific mortality rates by race/ethnicity, Denver County residents, aged 18 and over, March 1, 2020- December 31, 2020. Data source (s):
Colorado Electronic Disease Reporting System; Colorado State Demography Office, Department of Local Affairs (DOLA), 2019.
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care facility residents or persons aged 70 and older were vaccinated
and immune (phase 1B.1). Forty percent (1402/3473) of hospitaliza-
tions and 83 % (503/604) of all deaths could have been averted when
expanding to long‐term care facility residents and persons aged 65 and
older (Phase 1B.2). Due to the age‐based prioritization of vaccine roll-
out, early phases had the biggest potential reduction in hospitaliza-
tions and deaths for racial/ethnic groups whose hospitalizations and
deaths were more concentrated at older ages (Fig. 3b, Fig. 3c). The
highest potential hospitalization reductions were for White residents
compared to all other racial/ethnic groups. Racial/ethnic differences
in averted hospitalizations were the largest by the 3rd phase of vaccine
rollout (Phase 1B.2). By then, an estimated 57 % of hospitalizations
would have been averted for White residents, 45 % of hospitalizations
would have been averted for Black residents, 38 % of hospitalizations
would have been averted for Asian/Pacific Islander residents, and only
28 % of hospitalizations would have been averted for Hispanic or
Latino residents.

In contrast to hospitalizations, the biggest difference by race/eth-
nicity in averted deaths would have happened during the first phase
4

(Phase 1A) of vaccine rollout (Fig. 3c). Vaccinating long‐term care res-
idents alone could have averted 58 % of deaths among White resi-
dents, 43 % of deaths among Black residents, 32 % of deaths among
Asian/Pacific Islander residents, and 19 % of deaths among Hispanic
or Latino residents. By the end of the first three phases, at best nearly
all deaths (92 %) would have been averted for White residents, while
only 68 % and 74 % of deaths would have been averted forAsian/Paci-
fic Islander and Hispanic or Latino residents, respectively.
4. Discussion

We applied the earliest COVID‐19 vaccine phase criteria in Color-
ado to historical COVID‐19 hospitalizations and deaths and found pri-
marily age‐based vaccine policy fell short of mitigating health
inequities. Compared to those identifying as non‐Hispanic White, we
found higher rates of hospitalization and death at all ages among Black
and Hispanic or Latino residents and larger relative differences by
race/ethnicity at younger age groups, which is consistent with other
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studies [3,5,17]. By pairing these age‐specific rates with the Colorado
vaccine rollout, we demonstrated that the greatest reductions in severe
outcomes with a primarily age‐based vaccine rollout would be
5

expected among the White population. Pre‐ pandemic racial and ethnic
differences in life expectancy due to social factors including access to
healthcare, prevalence of comorbidities, income, and neighborhood
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residence [18,19] contribute to these findings of more concentrated
deaths among persons identifying as White in older age groups.[20]
Although concerns have been previously raised regarding the equity
of exclusively age‐based policies [12], our study provides local, data‐
driven evidence of the systematic bias of vaccine age prioritization
by race/ethnicity. Our findings suggest that age‐based vaccine priori-
tization strategies fail to incorporate risk factors for severe disease, fall
short of meeting national goals for vaccine equity and optimal univer-
sal protection, and may further widen racial/ethnic disparities. Similar
time‐since‐last‐dose criteria for prioritization of boosters will only
repeat the prior protocols.

Although we do not evaluate alternative vaccine prioritization
approaches within the scope of this study, several alternatives have
been proposed. Comparisons of age‐based versus “hot‐spot” or
place‐based rollouts have shown that prioritization by geographic
areas with highest COVID‐19 burden would not only provide a more
equitable approach but will significantly reduce hospitalizations
overall [21,22]. Other more equitable strategies include using geo-
graphic deprivation indices or social networks to prioritize vaccinat-
ing residents who have been structurally and historically
disadvantaged [21,23]. Evidence also suggests that vaccine prioritiza-
tion based directly on race/ethnicity may be more equitable; [23]
however, such a strategy would likely face legal and political barri-
ers. Last, a National precedent is needed to ensure equitable access
to vaccines and boosters. Currently, local‐level conversations and
grass‐roots actions have helped to make vaccines more accessible
to some communities at highest risk, but they have had to work
within state‐defined vaccine phases and have not been bolstered by
national guidance [21].

This study has several limitations. First, we were unable to explore
impacts of occupation‐related vaccine phase criteria within the scope
of this analysis. We expect prioritization of these individuals to con-
tribute to reductions in hospitalizations and deaths both directly (out-
comes among individual workers) as well as indirectly through
maintaining a functioning healthcare workforce and positive benefits
to society such as keeping schools open. We focus on the first 3 phases
of vaccine rollout in Colorado, which were limited to healthcare work-
ers, first responders, and educators; these occupations have higher rep-
resentation among White residents [24–26] and are unlikely to reduce
our overall observed differences by race/ethnicity. Second, because of
small sample sizes and limited detail in data collection, we were
unable to conduct analyses for some racial/ethnic groups and aggre-
gated populations with potentially heterogenous risk (e.g., prior stud-
ies have shown differences in severe COVID‐19 outcomes between
Pacific Islander and Asian populations) [2]. Third, social activity and
levels of county “openness” varied during the study timeframe which
may result in different patterns of infection between groups and don’t
account for changes to social patterns post‐vaccination. All of these
may bias the impact of varying strategies when solely applying histor-
ical death and hospitalization data to later policies. Last, our analyses
assumed 100 % vaccine coverage and efficacy and did not consider
well documented barriers [27–29] to vaccination among Black and
Hispanic or Latino residents, which we would expect to widen
observed disparities within vaccine phases.

5. Conclusions

Ultimately, COVID‐19 vaccination is a critical strategy in reducing
the negative health and societal impacts of the pandemic. The benefits
of ethical and equitable vaccine prioritization span beyond individu-
als, positively impacting entire communities and regions, irrespective
of race/ethnicity. We demonstrate using local data and policy that
early age‐based prioritization decisions systematically disadvantaged
communities of color regardless of COVID‐19 risk. As we consider
future limited resource emergency responses and booster rollouts for
our communities in the US, it will be critical to re‐evaluate, rather than
6

repeat past prioritization decisions. Our study provides one such
method of critically evaluating policies through disaggregation by
race/ethnicity.
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