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Objectives: Minority populations in the United States face a disproportionate burden of illness from
COVID-19 infection and have lower vaccination rates compared with other groups. This study estimated
the equity implications of increased COVID-19 vaccination in the United States, with a focus on the
number of cases, hospitalizations, and deaths avoided.
Study design: This was an observational real-world modeling study.
Methods: Data from the Centers for Disease Control and Prevention (CDC) were used to identify the
remaining unvaccinated US population by county, age, and race as of October 22, 2021. The number of
COVID-19 cases, hospitalizations, and deaths avoided were calculated based on case incidence and death
data from the CDC, along with data on race- and age-specific hospitalization multipliers, under a scenario
in which half of the remaining unvaccinated population per county, race, and age group obtained a full
vaccine regimen.
Results: Vaccinating half of the remaining unvaccinated population in each age and race subgroup within
counties would result in an estimated 22.09 million COVID-19 cases avoided, 1.38 million hospitalizations
avoided, and 150,000 deaths avoided over 12 months. Some minority groups, particularly Black and
Hispanic/Latino populations, were projected to experience substantial benefits from increased vaccina-
tion rates as they face both lower vaccination rates and worse outcomes if infected with COVID-19.
Conclusions: Increasing COVID-19 vaccination in the United States not only benefits the population as a
whole but also serves as a potentially useful lever to reduce the disproportionate burden of COVID-19
illness among minority populations.
© 2022 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

As of May 2022, more than 83.9 million cases of COVID-19 have
been recorded in the United States, claiming the lives of more than
1 million people.1 The approval of COVID-19 vaccines beginning in
December 2020 has provided an important tool to combat the
pandemic and preventmany hospitalizations and deaths associated
with COVID-19. As of May 2022, approximately 221.3 million
Americans have been fully vaccinated, and an additional 37.3
million Americans have received one dose of a two-dose regimen
vaccine.2 In addition, approximately 103.4 million fully vaccinated
untington Avenue, 14th floor,
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Americans have received a booster dose. However, vaccine uptake
has varied widely across race, age, geography, and other socio-
economic factors, contributing to inequities in COVID-19 hospital-
izations and mortality in the United States. For example, the adult
vaccination rate by US county ranges from 2% to 100% as of October
22, 2021 (Fig. 1).

Lower rates of COVID-19 vaccination have also been observed
among vulnerable populations.3e5 Using the Centers for Disease
Control and Prevention (CDC)'s Social Vulnerability Index (SVI),
which accounts for 15 social factors (e.g., poverty, lack of vehicle
access, and crowded housing),6 we plotted the county-level adult
vaccination rates against SVI at two points in time: June 2021
(Fig. 2a) and October 2021 (Fig. 2b). At both time points, higher SVI
was associated with lower vaccination rates. Interestingly, an addi-
tional 50.4 million US adults were vaccinated between June and
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Fig. 1. COVID-19 vaccination rate by US county as of October 22, 2021. CDC, Centers for Disease Control and Prevention; US, United States. Data sources: (1) CDC (2021). COVID-19
vaccinations in the US, county. https://data.cdc.gov/vaccinations/COVID-19-Vaccinations-in-the-United-States-County/8xkx-amqh. Accessed October 22, 2021. (2) Texas Department
of State (2021). Accessible Vaccine Dashboard Data. https://dshs.texas.gov/coronavirus/AdditionalData.aspx. Accessed October 22, 2021. (3) State of Hawai'i e Department of Health,
Disease Outbreak Control Division (2021). Hawaii COVID-19 Vaccine Summary. https://health.hawaii.gov/coronavirusdisease2019/current-situation-in-hawaii/. Accessed October
22, 2021. (4) CDC (2021). Bridged-Race Population Estimates e Data Files and Documentation. https://www.cdc.gov/nchs/nvss/bridged_race/data_documentation.htm. Accessed
January 18, 2022.
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October 2021,7 while the Delta variant was circulating in the United
States, and this increase appears to have weakened the strength of
the negative relationship between vaccination rates and social
vulnerability, as can be observed from the slopes of the two lines.

Motivated by these data, we sought to estimate how further
increasing vaccination rates could impact COVID-19 cases, hospi-
talizations, and deaths among adults in the United States, stratified
by age and race.

Methods

Model overview

A model was constructed in Excel to estimate the effect of
increased COVID-19 vaccination among US adults, stratified by race
and age, in terms of avoiding COVID-19 cases, hospitalizations, and
deaths. The population of focus was unvaccinated US adults. Race
categories included White, non-Hispanic; Hispanic/Latino; Black,
non-Hispanic; Asian and Native Hawaiian/Pacific Islander, non-
Hispanic; and American Indian/Alaskan Native, non-Hispanic. Age
categories included 18e29 years, 30e39 years, 40e49 years, 50e64
years, 65e74 years, 75e84 years, and 85þ years. The time projec-
tion of the model was 12months. We relied on several assumptions
and findings from prior analyses and conducted a targeted review
of existing CDC data, published literature, news articles, and public
reports to identify the most relevant and up-to-date inputs for the
model. The detailed model inputs, sources, and embedded as-
sumptions used in the model are described in Supplemental
Tables 1 and 2.

Estimating the currently unvaccinated US population

The remaining unvaccinated population was quantified at the
county level to identify the target population of expanded vacci-
nation efforts. Vaccination data by county and age group reported
by the CDC as of October 22, 2021 were used to inform the number
of fully vaccinated adults in the United States. For 96% of US
100
counties, the October 22, 2021 vaccination counts were directly
used as the steady state because vaccination uptake was plateauing
in these counties. After fitting logistic curves to the CDC vaccination
uptake data, a slightly higher steady-state vaccination rate was
predicted for the remaining 4% of counties because they continued
to exhibit an upward logistic trend in vaccination.

To account for heterogeneity in vaccine uptake across race, the
county-by-age steady-state COVID-19 vaccination estimates
informed from CDC data were further broken down by race. To do
so, the vaccination uptake by race in the United States was
weighted by the distribution of races within each county using
county-level demographic data from the US Census Bureau (2020).
The vaccinated counts across all US counties were summed to es-
timate the number of unvaccinated adults in the United States by
race and age group.

Estimating COVID-19-related outcomes avoided

COVID-19 cases
To calculate the number of cases avoided by race and age, we

first estimated the likelihood of an unvaccinated person in each
subgroup contracting COVID-19. CDC data were used to estimate
the race- and age-specific cumulative incidence of COVID-19
through September 2021, including cumulative incidence of
COVID-19 by age group; COVID-19 infection likelihood multipliers
by race relative to the White, non-Hispanic population; and the
distribution of COVID-19 cases by race within each age group. The
ratio of the average monthly COVID-19 case incidence from May
2021 through September 2021 in the United States to the cumu-
lative incidence through September 2021 in the United States was
then applied to the cumulative incidence through September 2021
for each race and age subgroup to estimate the monthly incidence
of COVID-19 for each subgroup. We projected these monthly in-
cidences forward linearly over 12 months to estimate the incidence
of COVID-19 for each subgroup in 2022. To simplify our model, we
did not attempt to incorporate any protective effect from potential
previous infection with COVID-19.

https://data.cdc.gov/vaccinations/COVID-19-Vaccinations-in-the-United-States-County/8xkx-amqh
https://dshs.texas.gov/coronavirus/AdditionalData.aspx
https://health.hawaii.gov/coronavirusdisease2019/current-situation-in-hawaii/
https://www.cdc.gov/nchs/nvss/bridged_race/data_documentation.htm


Fig. 2. COVID-19 vaccination rate vs. Social Vulnerability Index by US county as of (a) June 2021 and (b) October 2021. A higher index value indicates greater social vulnerability.
Each data point represents an individual county. CDC, Centers for Disease Control and Prevention. Data sources: (1) CDC (2021). COVID-19 vaccinations in the US, county. https://
data.cdc.gov/vaccinations/COVID-19-Vaccinations-in-the-United-States-County/8xkx-amqh. Accessed June 7, 2021, and October 22, 2021. (2) Texas Department of State (2021).
Accessible Vaccine Dashboard Data. https://dshs.texas.gov/coronavirus/AdditionalData.aspx. Accessed July 15, 2021, and October 22, 2021. (3) State of Hawai'i e Department of
Health, Disease Outbreak Control Division (2021). Hawaii COVID-19 Vaccine Summary. https://health.hawaii.gov/coronavirusdisease2019/current-situation-in-hawaii/. Accessed
July 15, 2021, and October 22, 2021. (4) CDC (2021). CDC/ATSDR Social Vulnerability Index. https://www.atsdr.cdc.gov/placeandhealth/svi/index.html. Accessed January 6, 2022. (5)
CDC (2021). Bridged-Race Population Estimates e Data Files and Documentation. https://www.cdc.gov/nchs/nvss/bridged_race/data_documentation.htm. Accessed January 18,
2022. aThe results of a linear regression indicate a slope of �0.118, an R2 of 0.06, an intercept of 0.46, and a P-value of <0.01. bVaccination data for all counties except those in Texas
and Hawaii was accessed June 7, 2021. Vaccination data for counties within Texas and Hawaii was accessed July 15, 2021. cThe results of a linear regression indicate a slope of �0.086,
an R2 of 0.03, an intercept of 0.57, and a P-value of <0.01.

a An average of the upper and lower bound efficacies in preventing infection of
the COVID-19 Delta variant was used for the Pfizer and Moderna vaccines.
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We estimated outcomes once an assumed 50% of the steady-
state unvaccinated population in each county would get vacci-
nated in a scenario of increased vaccination. To calculate the
number of cases avoided, we multiplied the likelihood of con-
tracting COVID-19 over the next 12 months if unvaccinated by the
number of unvaccinated people in each subgroup who would get
vaccinated in the scenario of increased vaccination. We then
applied a blended vaccine efficacy rate for preventing COVID-19
101
infection of 69%, representing a weighted average of the Janssen,
Moderna, and Pfizer vaccine efficacies against the Delta
variant.8e12,a

https://data.cdc.gov/vaccinations/COVID-19-Vaccinations-in-the-United-States-County/8xkx-amqh
https://data.cdc.gov/vaccinations/COVID-19-Vaccinations-in-the-United-States-County/8xkx-amqh
https://dshs.texas.gov/coronavirus/AdditionalData.aspx
https://health.hawaii.gov/coronavirusdisease2019/current-situation-in-hawaii/
https://www.atsdr.cdc.gov/placeandhealth/svi/index.html
https://www.cdc.gov/nchs/nvss/bridged_race/data_documentation.htm


Table 1
Estimated COVID-19 vaccine uptake by race and age.

Age (years) Race Total

White, non-Hispanic Hispanic/Latino Black, non-Hispanic Asian and Native Hawaiian/Pacific
Islander, non-Hispanic

American Indian/Alaskan
Native, non-Hispanic

18e29 53% 58% 46% 67% 59% 54%
30e39 53% 58% 46% 67% 60% 54%
40e49 61% 68% 53% 78% 69% 63%
50e64 68% 76% 60% 87% 76% 69%
65e74 78% 79% 66% 87% 88% 78%
75e84 78% 79% 66% 87% 88% 78%
85þ 79% 79% 66% 87% 88% 78%

Total 65% 66% 54% 77% 70% 64%
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COVID-19 hospitalizations
To calculate the number of hospitalizations avoided by race

and age, we first used CDC COVID-19 hospitalization multipliers
(relative to 18- to 29-year-olds) in conjunctionwith the likelihood
of hospitalization for 18- to 29-year-olds from Bhatia and Klaus-
ner13 to obtain the likelihood of hospitalization given COVID-19
infection for each age group.b To adjust for race-specific hospi-
talization rates, we used additional CDC data including the dis-
tribution of COVID-19 cases by race within each age group and
COVID-19 hospitalization multipliers by race relative to the
White, non-Hispanic population. To calculate the number of
hospitalizations avoided, the estimated number of COVID-19 cases
avoided was multiplied by the likelihood of hospitalization for
each age and race subgroup. A blended vaccine efficacy rate for
preventing serious illness of 88% was used, representing the
weighted average of the Janssen, Moderna, and Pfizer efficacies
against the Delta variant.12,14

COVID-19 deaths
To calculate the number of deaths avoided by race and age, we

first estimated the race- and age-specific likelihood of death given a
COVID-19 infection. We used age-specific infection fatality ratios
from O'Driscoll et al.,15 and then used CDC data on the number of
COVID-19 cases and deaths to calculate race- and age-specific un-
adjusted case fatality ratios. We used these unadjusted case fatality
ratios to create a likelihood of death multiplier by race relative to
the White, non-Hispanic population within each age group. Using
these multipliers and the distribution of COVID-19 cases by race
within each age group from the CDC, we calculated the likelihood of
death, given a COVID-19 infection, for each race and age subgroup.
To calculate the number of COVID-19 deaths avoided, wemultiplied
our estimated number of COVID-19 cases avoided by the likelihood
of death for each age and race subgroup, and we used the blended
vaccine efficacy rate for preventing serious illness (88%) as
described previously. Because vaccines are more effective at pre-
venting deaths than hospitalizations, using this efficacy rate
resulted in a conservative estimate of the number of COVID-19
deaths avoided.

Scenario analysis
Finally, as the results of this study are based on an assumption in

which 50% of the currently unvaccinated US population would
receive vaccinations, we conducted a scenario analysis to assess the
equity implications of increasing or decreasing vaccine uptake. In
our scenario analysis, we estimated COVID-19 outcomes by age and
b While Bhatia and Klausner estimate the likelihood of hospitalization for 20 to
29-year-olds, we used this as a proxy for the 18 to 29-year-old age group for our
calculations.
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race in scenarios in which 40% and 60% of the currently unvacci-
nated US population would receive vaccinations.

Results

The estimated steady-state vaccination uptake rates by race and
age subgroups are presented in Table 1. Vaccination uptake
increased substantially with age, with an estimated 78% of adults
aged >65 years being vaccinated compared with 54% of adults
between the ages of 18 and 39 years. Vaccination uptake also varied
widely by race, with the highest estimated vaccination rate among
the Asian and Native Hawaiian/Pacific Islander, non-Hispanic
population (77%), and the lowest rate among the Black, non-
Hispanic population (54%). Overall, we estimated that 64% of
adults in the United States would be vaccinated in the steady state,
given vaccination data from the CDC as of October 22, 2021, leaving
91.7 million adults in the United States unvaccinated at the time of
the study's conduct.

Overall, we estimated that vaccinating 50% of the steady-state
unvaccinated population would result in the avoidance of 22.09
million cases, 1.38 million hospitalizations, and 150,000 deaths due
to COVID-19. The distribution of COVID-19 cases, hospitalizations,
and deaths avoided by race within each age group is illustrated in
Fig. 3. The counts for each population and the cases, hospitaliza-
tions, and deaths avoided by race are presented in more granularity
by age group in Supplemental Table 3.

In almost every age group, minorities accounted for a greater
share of cases avoided relative to their proportion of the overall US
population, indicating that increasing vaccination will help mi-
norities avoid COVID-19 infection slightly more than the White,
non-Hispanic population. However, the largest equity implications
estimated to result from vaccinating half of the unvaccinated US
populationwere related to hospitalizations and deaths avoided. For
18- to 29-year-olds, minorities compose 45% of the population, but
78% of hospitalizations avoided and 68% of deaths avoided; for 30-
to 49-year-olds, minorities compose 43% of the population, but 74%
of hospitalizations avoided and 62% of deaths avoided; for 50- to
64-year-olds, minorities compose 33% of the population, but 56% of
hospitalizations avoided and 47% of deaths avoided; and for those
aged >65 years, minorities compose 24% of the population, but 37%
of hospitalizations avoided and 30% of deaths avoided.

The likelihood of dying from COVID-19 is greatly driven by age,
with those aged >65 years at much higher risk than those aged <65
years.15 As the infection fatality ratios for those aged <65 years are
less than 1%,15 we aggregated these age groups to compare COVID-
19 deaths avoided per 100,000 population by race for those aged
<65 years and �65 years (Fig. 4).

For 18- to 64-year-olds, we estimated a larger number of deaths
avoided per 100,000 population for the Black, Hispanic/Latino, and
American Indian/Alaskan Native populations than we did for the



Fig. 3. Distribution of COVID-19 outcomes by race and age group.
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White, non-Hispanic population. Most notably, for people aged
18e64 years, vaccinating half of the steady-state unvaccinated
White population resulted in 11 deaths avoided per 100,000 pop-
ulation, whereas vaccinating half of the steady-state unvaccinated
Black or American Indian/Alaskan Native population resulted in 24
and 31 deaths avoided, respectively, per 100,000 population.

Given the higher death rates associated with COVID-19 among
the elderly, our model estimated a greater number of deaths
avoided per 100,000 population across all racial groups for those
aged �65 years. However, Black and Hispanic/Latino populations
were estimated to benefit more than White, non-Hispanic people
103
from increased vaccination. For people aged �65 years, vaccinating
half of the steady-state unvaccinated White population resulted in
203 deaths avoided per 100,000 population, whereas vaccinating
half of the steady-state unvaccinated Hispanic/Latino or Black
population resulted in 281 and 301 deaths avoided, respectively,
per 100,000 population. This indicates that among older Americans
who are at higher risk of death if infected with COVID-19, increased
vaccination would especially benefit Black and Hispanic/Latino
populations.

Supplemental Figure 1 reports the findings of our scenario
analysis by illustrating the number of deaths avoided per 100,000



Fig. 4. COVID-19 deaths avoided per 100,000 US adults by race and age group.
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US adults aged �65 years by race relative to the White, non-
Hispanic population in scenarios where 40%, 50% (our current
base case), and 60% of the currently unvaccinated US population
would get fully vaccinated.

As shown in Supplemental Figure 1, adjusting vaccine uptake
does not change our result that more deaths are avoided per
100,000 US adults aged �65 years for Hispanic/Latino, Black, and
Asian/Pacific Islander populations than for theWhite, non-Hispanic
population. However, increasing vaccine uptake increases the
magnitude of these equity implications; in particular, increasing
vaccine uptake by 10 percentage points (e.g. from 50% to 60%) re-
sults in an additional 15 and 20 deaths avoided per 100,000 US
adults aged �65 years for Hispanic/Latino and Black populations,
respectively, relative to the White, non-Hispanic population.
Increasing (or decreasing) vaccine uptake would also cause our
estimates of overall cases, hospitalizations, and deaths avoided to
scale proportionately.

Discussion

Our study estimated that vaccinating half of the remaining un-
vaccinated US population for COVID-19 would result in the avoid-
ance of 22 million cases, 1.4 million hospitalizations, and 150,000
deaths in 2022. Importantly, our findings indicate that increased
vaccination would disproportionately affect outcomes for most
minority populations, particularly Black and Hispanic/Latino pop-
ulations. We estimated that minorities would account for a rela-
tively larger share of COVID-19eassociated hospitalizations and
deaths avoided, particularly the former.

These results are striking in the context of well-documented
evidence regarding COVID-19 outcomes among minority pop-
ulations. For example, Acosta et al.16 found that people who were
American Indian/Alaskan Native, Hispanic/Latino, Black, or Asian/
104
Pacific Islander were more likely to be hospitalized, admitted to the
intensive care unit, or die compared with non-Hispanic White in-
dividuals in the first year of the COVID-19 pandemic (2020). An
National Public Radio analysis, using CDC data through September
2020, also found that Black, Hispanic, and Native American pop-
ulations represented a disproportionate share of COVID-19 cases
and deaths relative to their share of population.17 The CDC has also
recognized the impact of racial inequities on minorities’ COVID-19
outcomes.18

The disproportionate burden of the pandemic on minorities is
likely due to both structural and socio-economic factors, including
access to health care and differences in types of employment and
working conditions.19e22 Some of these differences manifest as
increased exposure to COVID-19, as minorities are dispropor-
tionately more likely to live in higher density housing, rely on
public transportation, and work in an essential industry requiring
them to work in person.21,23 Other differences, such as reduced
access to and trust in the healthcare system, may lead minorities
to delay or receive suboptimal treatment. All these factors may
increase the prevalence of comorbidities among minorities, which
also elevates the risk of hospitalization or death due to COVID-
19.24 However, Rubin-Miller et al. found that underlying medical
conditions and sociodemographic factors did not fully explain
why minorities experienced increased hospitalization and death
rates from COVID-19, suggesting that racism and discrimination
negatively affect COVID-19 outcomes through other avenues.25

These same factors may also help explain why the Black popula-
tion is less likely to be vaccinated against COVID-19 than other
racial groups, as distrust in the healthcare system due to
discrimination, lack of healthcare access, inability to take time off
from work, and transportation obstacles lead to decreased vacci-
nation uptake.20 While addressing these underlying sources of
inequity is important, in the short term, increasing rates of
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vaccination is a direct intervention that can reduce both the
overall burden and heterogeneity in outcomes associated with the
COVID-19 pandemic. Our findings highlight the urgent need for
additional research to identify policies that can increase vaccine
uptake in the United States, especially among minority
populations.

The results of this study should be considered in light of several
limitations. First, as our results are based on data as of October
2021, our model takes into account the Alpha and Delta variants of
the COVID-19 virus, but not the Omicron variant, which began
circulating in the United States in December 2021.26 The Omicron
variant and future variants could affect the number of individuals
who decide to get vaccinated (either for primary or booster vacci-
nation), potentially increasing vaccinations similar to what
occurred following the Delta surge in the summer of 2021 and
therefore changing the steady-state vaccination rate used in our
model. In addition, hospitalization and death rates are lower for
Omicron, which may be associated with a reduced impact of
increased vaccination on the number of hospitalizations and deaths
avoided.27

Second, our estimates regarding COVID-19 outcomes also
depend on assumptions regarding vaccine efficacy. Vaccine efficacy
may diminish as immunity wanes and new variants emerge; for
example, breakthrough cases were more common for the Omicron
variant than the Alpha and Delta variants, which would lead to
fewer cases avoided through increased vaccination in our model.28

Diminishing vaccine efficacy also gives rise to the need for booster
shots, which may complicate the definition of “fully vaccinated.”
Future research is warranted to account for newer COVID-19 vari-
ants and the associated changes in vaccine efficacy and policies
surrounding boosters. Regardless, although our estimates of the
absolute numbers of COVID-19 outcomes avoided depend on vac-
cine efficacy and considerations surrounding boosters, our equity
conclusions would not fundamentally change. Adjusting vaccine
efficacy would have a similar effect as adjusting the vaccine uptake
in our scenario analysis; while it may affect the magnitude of the
equity implications, minorities continue to account for a dispro-
portionate share of cases, hospitalizations, and deaths avoided, so
closing the vaccination gap is critical to reducing disease burden
among those populations.

Third, when projecting future cases avoided due to increased
vaccination, we also assumed that monthly incidence of COVID-19
would remain constant over the next 12 months. Although we
recognize that this is not realistic and that the number of new cases
would surge and decline throughout the next year, we accounted
for this variability by averaging the monthly incidence of COVID-19
from May through September 2021 when calculating projected
cases avoided per month. May through September 2021 included
both highs and lows of COVID-19 case incidence; cases were at a
low in May and June, averaging 640,000 new cases per month,
while cases were at a high in August and September due to the
Delta variant, averaging 4.2 million new cases per month.29 The
average monthly incidence from May through September 2021 of
2.2 million thus represents both the surges and declines in COVID-
19 case incidence that may occur in the next year. In addition, when
projecting future cases avoided due to increased vaccination, our
model was not well suited to address the indirect effects of vacci-
nation related to herd immunity. Because of the uncertainty in the
scientific community around how to quantify the indirect effects of
vaccination, as well as our primary goal to illustrate the equity
implications of increased vaccination, we chose to pursue a
simplified model to best present equity results and avoid false
precision. Therefore, these findingsmay underestimate the number
of cases, hospitalizations, and deaths avoided due to increased
vaccination.
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Conclusion

Overall, we estimated that vaccinating half of the steady-state
unvaccinated US population in each age and race subgroup would
result in avoiding 22.09 million COVID-19 cases, 1.38 million hos-
pitalizations, and 150,000 deaths. Because minorities are more
likely to become seriously sick or die of COVID-19 and because
some minorities, particularly Black people, are currently less likely
to be vaccinated than their White counterparts, minorities are
estimated to compose a disproportionately higher share of avoided
COVID-19 outcomes relative to their population. Therefore, US
minorities would receive the highest benefit from increases in
current rates of COVID-19 vaccination. Further research is war-
ranted to develop policy strategies to improve vaccine uptake in the
United States.
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placeandhealth/svi/data_documentation_download.html. Other
inputs used in the model are presented in the tables in the Sup-
plemental Material. Intermediate data sets created during the
present study are available from the corresponding author on
reasonable request.

https://data.cdc.gov/Vaccinations/COVID-19-Vaccinations-in-the-United-States-County/8xkx-amqh
https://data.cdc.gov/Vaccinations/COVID-19-Vaccinations-in-the-United-States-County/8xkx-amqh
https://covid.cdc.gov/covid-data-tracker/#vaccination-demographics-trends
https://covid.cdc.gov/covid-data-tracker/#vaccination-demographics-trends
https://www.cdc.gov/nchs/nvss/bridged_race/data_documentation.htm
https://www.cdc.gov/nchs/nvss/bridged_race/data_documentation.htm
https://www.atsdr.cdc.gov/placeandhealth/svi/data_documentation_download.html
https://www.atsdr.cdc.gov/placeandhealth/svi/data_documentation_download.html
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