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Supplementary Information Text 

Outcome Variables 
COVID-19 Vaccination. We compiled data from the official websites of Departments of Health in 
each state, identifying 16 states that provide detailed vaccination data by race at the county level. 
County-level vaccination data from the 16 states were collected at different points in time, 
including March 27, April 7, April 19, and May 20, 2021. Where possible, data collection was 
automated via web scraping; else we utilized manual procedures. We report findings from the 
April 19 data in the main text, and for the March 27, April 7, and May 20 data as robustness 
checks in this supplement.  
 
The following states are included in our sample with total number of counties in our regression 
analysis and the populations for those counties in parentheses, based on 2019 estimates: 
California (43 counties; 39,089,081 residents) (1), Illinois (41 counties; 11, 410,266 residents) (2), 
Indiana (37 counties; 5,312,656 residents) (3), Maine (8 counties; 1,011,483 residents) (4), New 
Jersey (21 counties; 8,882,190 residents) (5), New York (48 counties; 18,793,377 residents) (6), 
North Carolina (43 counties; 8,564,283); (7), Ohio (57 counties; 10,572,524 residents)  (8), 
Oregon (11 counties; 3,218,739 residents) (9), Pennsylvania (40 counties; 11,656,636 residents) 
(10), South Carolina (46 counties; 5,148,714 residents) (11), Tennessee (62 counties; 6,107,482 
residents ) (12), Texas (137 counties; 26,705,914 residents) (13), Virginia (111 counties; 
8,209,445 residents) (14), West Virginia (23 counties; 1,271,620 residents)  (15), and Wisconsin 
(28 counties; 4,692,974 residents) (16). In total, 756 counties are included in our regression 
analysis, representing over 170.6 million Americans.  
 
These states do not treat the intersection of race and ethnicity consistently, precluding 
distinctions between vaccination rates of non-Hispanic and Hispanic populations of White and 
Black races in our analysis. Most states report vaccination data by considering only race and not 
ethnicity. In such cases, the number of vaccinations administered to White (or Black) people may 
be of any ethnicity. Six states (California, Illinois, New Jersey, Oregon, Texas, and Virginia) report 
vaccination information by race while taking ethnicity into account, reporting information for White, 
Black, and Hispanic/Latino populations independently. In these cases, it is assumed that 
vaccination numbers for White (or Black) people consider only those who are non-Hispanic. We 
take these differences into account when defining our vaccination disparity outcome, as 
described below. 
 
COVID-19 Vaccination Disparity Operationalization. Consistent with the literature on racial 
disparities (17–20), we define COVID-19 vaccination disparity (𝐶𝑉𝐷) as the difference in the 
COVID-19 vaccination rate between White and Black residents in a county, where vaccination 
rates are based on the total population of a given race in a county. Population denominators were 
collected at the county-level by race from the Census Bureau’s County Population by 
Characteristics tables, which contain Vintage 2019 county population estimates by demographic 
characteristics (21).  
 
To construct the 𝐶𝑉𝐷 measure, we consider the people who have received at least one dose of 
COVID-19 vaccine at the time of data collection. 𝐶𝑉𝐷! for county 𝑖 is defined as the difference 
between the non-Hispanic (NH) White and Black vaccination rates as below:  
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𝐶𝑉𝐷! = 𝐶𝑉𝑅"#$%!&',! − 𝐶𝑉𝑅)*+,-,! 
 
The Black COVID-19 vaccination rate (𝐶𝑉𝑅)*+,-,!) for county 𝑖 is defined as: 
 

𝐶𝑉𝑅)*+,-,! =
𝑁𝐶𝑉𝑎𝑐𝑐)*+,-,!
𝑁𝑅𝑒𝑠)*+,-,!

 

 
Where: 𝑁𝐶𝑉𝑎𝑐𝑐)*+,-,! is the number of Black residents in county 𝑖 receiving at least one COVID-
19 vaccine; and 𝑁𝑅𝑒𝑠)*+,-,! 	is the number of Black residents in county 𝑖. 
 
For the non-Hispanic White COVID-19 vaccination rate 𝐶𝑉𝑅"#$%!&',!:  
 
-- for the six states (California, Illinois, New Jersey, Oregon, Texas, and Virginia) that report 
COVID-19 vaccination data for non-Hispanic (NH) White, 𝐶𝑉𝑅"#$%!&',! is formally given by: 
 

𝐶𝑉𝑅"#$%!&',! =
𝑁𝐶𝑉𝑎𝑐𝑐"#$%!&',!
𝑁𝑅𝑒𝑠"#$%!&',!

 

 
Where: 𝑁𝐶𝑉𝑎𝑐𝑐"#$%!&',!  is the number of non-Hispanic White residents in county	𝑖 receiving at 
least one COVID-19 vaccine; and 𝑁𝑅𝑒𝑠"#$%!&',! is the number of non-Hispanic White residents in 
county 𝑖. 
 
-- for the ten states that report vaccination data for White and Black people that aggregate 
ethnicity, only the Vaccination information for total White (instead of non-Hispanic White) is 
available. We use total White vaccination rate to proxy non-Hispanic White vaccination 
rate	𝐶𝑉𝑅"#$%!&',!.  
 
Alternative Operationalizations of Disparity. As robustness checks, we also conducted 
analyses with different operationalizations of disparity, including ratio, log ratio, and scaled 
absolute disparity. These operationalizations can also be applied to describe the disparities of 
other variables we will describe below. Their formally definitions are as follows: 
 

• Ratio COVID-19 Vaccination Disparity (𝑅𝐶𝑉𝐷!): 
 

𝑅𝐶𝑉𝐷! =
𝐶𝑉𝑅"#$%!&',!
𝐶𝑉𝑅)*+,-,!

 

 
• Logarithm Ratio COVID-19 Vaccination Disparity (ln𝑅𝐶𝑉𝐷!): 

 

ln 𝑅𝐶𝑉𝐷! = ln	(
𝐶𝑉𝑅"#$%!&',!
𝐶𝑉𝑅)*+,-,!

) 

 
• Scaled Absolute COVID-19 Vaccination Disparity (𝑆𝐶𝑉𝐷!): 

 

𝑆𝐶𝑉𝐷! =
𝐶𝑉𝑅"#$%!&',! − 𝐶𝑉𝑅)*+,-,!

𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝑅𝑎𝑡𝑒!
, 
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 where 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑅𝑎𝑡𝑒! is defined as: 
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑅𝑎𝑡𝑒! =
𝑁𝐶𝑉𝑎𝑐𝑐)*+,-,! +	𝑁𝐶𝑉𝑎𝑐𝑐"#$%!&',!			

𝑁𝑅𝑒𝑠)*+,-,! +	𝑁𝑅𝑒𝑠"#$%!&',!
 

 
Flu Vaccination. We collected county-level data for influenza virus vaccination among Medicare 
beneficiaries from the CMS Mapping Medical Disparity Tool (22). The latest data reflects behavior 
from 2019 when flu vaccination was not affected by the COVID-19 pandemic. CMS reports rates 
of flu vaccination for the non-Hispanic White population and the Black population of any ethnicity.  
 
Flu Vaccination Disparity. Flu vaccination disparity (𝐹𝑉𝐷) was calculated following the same 
approach as COVID-19 vaccination disparity. Similar to COVID-19, the Black Flu vaccination rate 
(𝐹𝑉𝑅)*+,-,!), and non-Hispanic White Flu vaccination rate (𝐹𝑉𝑅"#$%!&',!) for county 𝑖 are 
calculated as: 

𝐹𝑉𝑅)*+,-,! =
𝑁𝐹𝑉𝑎𝑐𝑐)*+,-,!
𝑁𝑅𝑒𝑠)*+,-,!

 

 
Where 𝑁𝐹𝑉𝑎𝑐𝑐)*+,-,! is the number of Black residents in county 𝑖 receiving flu vaccine; and 
𝑁𝑅𝑒𝑠)*+,-,! is the number of Black residents in county 𝑖. 
 
Similarly,  

𝐹𝑉𝑅"#$%!&',! =
𝑁𝐹𝑉𝑎𝑐𝑐"#$%!&',!
𝑁𝑅𝑒𝑠"#$%!&',!

 

 
Where: 𝑁𝐹𝑉𝑎𝑐𝑐"#$%!&',! is the number of non-Hispanic White residents in county 𝑖 receiving flu 

vaccine; and 𝑁𝑅𝑒𝑠"#$%!&',! 	is the number of non-Hispanic White residents in county 𝑖. 
 
Flu Vaccination Disparity for county 𝑖 (𝐹𝑉𝐷!) is defined as: 
 

𝐹𝑉𝐷! = 𝐹𝑉𝑅"#$%!&',! − 𝐹𝑉𝑅)*+,-,! 
 
Different from COVID-19 vaccination data, all 16 states provide vaccination information for non-
Hispanic White people. 

 
Predictor Variables 
 
We considered five key dimensions of social determinants of health (23) when determining which 
measures to include in our model explaining COVID-19 vaccination disparities. For each social 
determinant of health, we focused on predictors that we expected to be directly related to the 
impact of COVID-19, factors expected to be associated with vaccination behaviors (general or 
COVID-specific), and factors that have been associated with racial disparities in health or other 
life domains. Where the information is available, we model both social determinants for the 
county overall as well as construct measures of disparity between non-Hispanic Whites and 
Blacks. Below, we outline the details of how our predictor variables were operationalized.  
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Economic Stability 
Median Income. County-level household median income data were collected from 2019 
American Community Survey (ACS) 5-year estimates, which provide information by race (24). 
Prior research has highlighted the relationship between neighborhood income and a number of 
health disparities including COVID-19 outcomes (25, 26).   
 
Median Income Disparity. Median income disparity is defined as follows:  

	
𝑀𝑒𝑑𝑖𝑎𝑛𝐼𝑛𝑐𝑜𝑚𝑒𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦! = 𝑀𝑒𝑑𝑖𝑎𝑛𝐼𝑛𝑐𝑜𝑚𝑒"#$%!&',! −𝑀𝑒𝑑𝑖𝑎𝑛𝐼𝑛𝑐𝑜𝑚𝑒)*+,-,!	

 
Education Access and Quality 
High School Graduation Rate. County-level education attainment data by race were collected 
from the 5-year ACS estimates (27). We focus on the percentage of population that qualifies as a 
high school graduate or higher in both races. Education is also considered an important factor in 
shaping health outcomes and racial disparities in health (23-26).  
 
High School Disparity. Following the same approach of calculating COVID-19 vaccination 
disparity 𝐶𝑉𝐹!, the Black high school rate (𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝑅𝑎𝑡𝑒!"#$%,'), and non-Hispanic White high 
school rate (𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝑅𝑎𝑡𝑒()*+',-,')	for county 𝑖 are calculated as: 
 

𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝑅𝑎𝑡𝑒!"#$%,' =
𝑁𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝐵𝑙𝑎𝑐𝑘,𝑖

𝑁𝑅𝑒𝑠𝐵𝑙𝑎𝑐𝑘,𝑖
 

 
Where 𝑁𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙)*+,-,! 	is the number of Black residents in county 𝑖 achieving high school or 
higher education attainment; and 𝑁𝑅𝑒𝑠)*+,-,! is the number of Black residents in county 𝑖. 

Similarly,  

𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝑅𝑎𝑡𝑒()*+',-,' =
𝑁𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝑁𝐻𝑊ℎ𝑖𝑡𝑒,𝑖

𝑁𝑅𝑒𝑠𝑁𝐻𝑊ℎ𝑖𝑡𝑒,𝑖
 

 
Where 𝑁𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙"#$%!&',! 	is the number of non-Hispanic White residents in county 𝑖 achieving 
high school or higher education attainment; and 𝑁𝑅𝑒𝑠"#$%!&',! is the number of non-Hispanic 
White residents in county 𝑖. 

We define High school disparity for county 𝑖 (𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦') as: 
 

𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦' = 𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝑅𝑎𝑡𝑒()*+',-,' −𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝑅𝑎𝑡𝑒!"#$%,'	
	

Health Care Access and Quality 
COVID-19 Cases per Capita. We collected county level COVID-19 case count data maintained 
by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (28), 
which is based on information compiled from state and county governments. We focus on 
cumulative COVID-19 cases in each county and divide this figure by the total population in the 
county to calculate cases per capita. Greater numbers of COVID-19 cases in a county may be 
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associated with perceptions of the severity of the disease, which in turn have been shown to 
predict positive attitudes toward COVID-19 vaccines (29).  
 
Number of Healthcare Facilities per Capita.  Given that greater access to vaccines may 
increase likelihood of vaccination, we collected the number of healthcare facilities in each county 
that could provide the COVID-19 vaccine from VaxMap 2.0 developed by West Health Policy 
Center and University of Pittsburgh School of Pharmacy (30). These potential healthcare facilities 
include: federally qualified healthcare centers, hospital outpatient departments, community 
pharmacies, and rural health clinics. VaxMap 2.0 gathers information from the National Council 
for Prescription Drug Programs, the Health Resources and Services Administration, and the 
Centers for Medicare and Medicaid Services to generate these estimates. We divide the number 
of healthcare facilities in a county by the total population in that county to calculate number of 
healthcare facilities per capita. 
 
Neighborhood and Built Environment 
Home IT Rate. County-level computer ownership and internet subscription data for each race 
group were collected from 5-year ACS estimates (31). We model the proportion of the total 
population that owns any computer (desktop or laptop, smartphone, tablet or other portable 
wireless computer, or other computer) and has broadband internet access.  We include this 
variable because much of the access to COVID-19 vaccines is being driven by online 
appointments. 
 
Home IT disparity. Similar to calculating COVID-19 vaccination disparity, Black Home IT rate 
(𝐻𝑜𝑚𝑒𝐼𝑇𝑅𝑎𝑡𝑒)*+,-,!), and non-Hispanic White Home IT rate (𝐻𝑜𝑚𝑒𝐼𝑇𝑅𝑎𝑡𝑒"#$%!&',!) for county 𝑖 are 
as follows: 
 

𝐻𝑜𝑚𝑒𝐼𝑇𝑅𝑎𝑡𝑒!"#$%,' =
𝑁𝐻𝑜𝑚𝑒𝐼𝑇𝐵𝑙𝑎𝑐𝑘,𝑖
𝑁𝑅𝑒𝑠𝐵𝑙𝑎𝑐𝑘,𝑖

 

 
Where 𝑁𝐻𝑜𝑚𝑒𝐼𝑇)*+,-,! is the number of Black residents in county 𝑖 who own a computer and have 
broadband internet access; and 𝑁𝑅𝑒𝑠)*+,-,! is the number of Black residents in county 𝑖. 

Similarly,  

𝐻𝑜𝑚𝑒𝐼𝑇𝑅𝑎𝑡𝑒()*+',-,' =
𝑁𝐻𝑜𝑚𝑒𝐼𝑇𝑁𝐻𝑊ℎ𝑖𝑡𝑒,𝑖
𝑁𝑅𝑒𝑠𝑁𝐻𝑊ℎ𝑖𝑡𝑒,𝑖

 

 
Where 𝑁𝐻𝑜𝑚𝑒𝐼𝑇"#$%!&',! is the number of non-Hispanic White residents in county 𝑖 who own a 
computer and have broadband internet access; and 𝑁𝑅𝑒𝑠"#$%!&',! is the number of non-Hispanic 
White residents in county 𝑖. 
 
We define home IT disparity as: 
 

𝐻𝑜𝑚𝑒𝐼𝑇𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦! = 𝐻𝑜𝑚𝑒𝐼𝑇𝑅𝑎𝑡𝑒"#$%!&',! −𝐻𝑜𝑚𝑒𝐼𝑇𝑅𝑎𝑡𝑒)*+,-,! 	
	

Urban. We included a dummy-coded variable representing whether a county is considered urban 
or rural according to data collected from the CMS Mapping Medicare Disparities Tool (22). This 
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classification designates a county as urban if the area is metropolitan (a core urban area of 
50,000 or more population) or micropolitan (an urban core of at least 10,000 but less than 50,000 
population). All other counties are considered rural.  
 
Rate of Vehicle Ownership. We collected county-level household vehicle ownership data from 
the CDC Social Vulnerability Index from year 2018 (32, 33). We take the inverse of the original 
data, which was coded as the proportion of no vehicle ownership. These data do not include rate 
of vehicle ownership by race, therefore only the overall rate is included in our analysis. Vehicle 
ownership is included because it may be important for transportation to vaccination sites. 
 
Social and Community Context  
Political Ideology. To model political ideology, we used the share of votes cast for the 
Republican candidate (President Donald J. Trump) in the 2020 election collected from USA 
Today (34). We use Republican vote share because survey evidence suggests that political 
affiliation is an important predictor of attitudes toward COVID-19 and the COVID-19 vaccine in 
particular (35). This approach is also consistent with prior research that showed Democratic 
counties were more likely to reduce mobility in response to stay-at-home-orders for COVID-19 
prevention, which used the vote margin in favor of President Trump as a predictor (36).  
 
Segregation Index. We collected Black-White segregation index measures from the 2021 
County Health Rankings (37). Based on data from ACS 2015 to 2019, the residential segregation 
index ranges from 0 (complete integration) to 100 (complete segregation). These values 
represent the percentage of either Black or White residents who would have to move to yield a 
distribution that is similar to that of the larger area. Segregation in communities has been 
associated with a number of important racial disparities in health (38). 
  
Racial Bias. We modeled implicit racial bias using estimates published in prior research (39), 
which are based on responses collected from Project Implicit, a website where individuals 
voluntarily complete psychological attitude measures (40). We used the weighted measure of 
implicit bias, which accounts for the number of observations available for each county. Measures 
of implicit bias assess the automatic association between race (White and Black) and attitudes 
(good or bad), with larger values indicating greater bias against Blacks. Such measures of bias 
have previously been linked to racial disparities in school disciplinary actions (39). 
 
Covariates 
Vaccine Hesitancy. We collected county level COVID-19 vaccine hesitancy data from the 
Department of Health and Human Services, Office of the Assistant Secretary for Planning and 
Evaluation (41). These data include responses to Phase 3 of the Household Pulse Survey (March 
17-March 29, 2021) question “Once a vaccine to prevent COVID-19 is available to you, would you 
get a vaccine?”. Participants could respond with the following options: 1) “definitely get a 
vaccine”, 2) “probably get a vaccine”, 3) “probably not get a vaccine”, and 4) “definitely not get a 
vaccine”. Those who respond that they will “probably not” or “definitely not” get a vaccine are 
considered vaccine hesitant. Anyone who reported already receiving a COVID-19 vaccine in a 
prior question or responded that they would “probably” or “definitely” get a vaccine are considered 
not vaccine hesitant. The data also reflect weighting according to ACS demographic estimates. 
These data were not available by race, therefore we model only overall vaccine hesitancy.  
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Proportion of Black Residents. The proportion of Black residents was extracted from 
demographic data published by the Census Bureau (21). 
  
Proportion of Population Age 75 and Above and Disparity in Population Age 75 and Above. 
We collected the proportion of the population aged 75 or older from the same data source (21). 
We then calculated the difference in the proportion of adults aged 75 or older by race. Similar to 
calculating COVID-19 vaccination disparity, the Black age 75 and above rate 
(𝐴𝑏𝑜𝑣𝑒75𝑅𝑎𝑡𝑒)*+,-,!), and non-Hispanic White age 75 and above rate (𝐴𝑏𝑜𝑣𝑒75𝑅𝑎𝑡𝑒"#$%!&',!) for 
county 𝑖 are as follows: 
 

𝐴𝑏𝑜𝑣𝑒75𝑅𝑎𝑡𝑒)*+,-,! =
𝑁𝐴𝑏𝑜𝑣𝑒75)*+,-,!
𝑁𝑅𝑒𝑠)*+,-,!

 

 
Where 𝑁𝐴𝑏𝑜𝑣𝑒75)*+,-,! is the number of Black residents in county 𝑖 of ages 75 or older; and 
𝑁𝑅𝑒𝑠)*+,-,! is the number of Black residents in county 𝑖. 

Similarly,  

𝐴𝑏𝑜𝑣𝑒75𝑅𝑎𝑡𝑒()*+',-,' =
𝑁𝐴𝑏𝑜𝑣𝑒75𝑁𝐻𝑊ℎ𝑖𝑡𝑒,𝑖
𝑁𝑅𝑒𝑠𝑁𝐻𝑊ℎ𝑖𝑡𝑒,𝑖

 

 
Where 𝑁𝐴𝑏𝑜𝑣𝑒75"#$%!&',! is the number of non-Hispanic White residents in county 𝑖 of ages 75 or 
older; and 𝑁𝑅𝑒𝑠"#$%!&',! is the number of non-Hispanic White residents in county 𝑖. 
 
We define the age 75 and above disparity (𝐴𝑏𝑜𝑣𝑒75𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦!)	as: 
 

𝐴𝑏𝑜𝑣𝑒75𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦! = 𝐴𝑏𝑜𝑣𝑒75𝑅𝑎𝑡𝑒"#$%!&',! − 𝐴𝑏𝑜𝑣𝑒75𝑅𝑎𝑡𝑒)*+,-,! 	
 
Proportion of Remaining Eligible Population. The demographic data available only provides 
population estimates only for 5-year age bands (21), thus we could not collect exact data for the 
16+ population reflecting the cut-off for the Pfizer vaccine nor the 18+ population reflecting the 
cut-off for Moderna and the Johnson and Johnson vaccines. Leveraging the information available, 
we use the proportion of the population aged 15-74 to account for the number of individuals 
eligible for the vaccine (complementing estimates of the population 75+). We then calculated the 
difference in the proportion of populated 15-74 years of age by race. Similar to calculating 
COVID-19 vaccination disparity, Black age 15 to 74 rate (𝐴𝑔𝑒15𝑇𝑜74𝑅𝑎𝑡𝑒)*+,-,!), and non-
Hispanic White age 15 to 74 rate (𝐴𝑔𝑒15𝑇𝑜74𝑅𝑎𝑡𝑒"#$%!&',!) for county 𝑖 are given as follows: 
 

𝐴𝑔𝑒15𝑇𝑜74𝑅𝑎𝑡𝑒)*+,-,! =
𝑁𝐴𝑔𝑒15𝑇𝑜74)*+,-,!

𝑁𝑅𝑒𝑠)*+,-,!
 

 
Where 𝑁𝐴𝑔𝑒15𝑇𝑜74)*+,-,! is the number of Black residents in county 𝑖 of ages 15 to 74 
(inclusive); and 𝑁𝑅𝑒𝑠)*+,-,! is the number of Black residents in county 𝑖. 

Similarly,  
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𝐴𝑔𝑒15𝑇𝑜74𝑅𝑎𝑡𝑒()*+',-,' =
𝑁𝐴𝑔𝑒15𝑇𝑜74𝑁𝐻𝑊ℎ𝑖𝑡𝑒,𝑖

𝑁𝑅𝑒𝑠𝑁𝐻𝑊ℎ𝑖𝑡𝑒,𝑖
 

 
Where 𝑁𝐴𝑔𝑒15𝑇𝑜74𝑅𝑎𝑡𝑒()*+',-,' is the number of non-Hispanic White residents in county 𝑖 of ages 
15 to 74 (inclusive); and 𝑁𝑅𝑒𝑠"#$%!&',! is the number of non-Hispanic White residents in county 𝑖. 
 
We define the age 15-to-74 disparity as: 
 

𝐴𝑔𝑒15𝑇𝑜74𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦! = 𝐴𝑔𝑒15𝑇𝑜74𝑅𝑎𝑡𝑒"#$%!&',! − 𝐴𝑔𝑒15𝑇𝑜74𝑅𝑎𝑡𝑒)*+,-,!	
 
Recent Positivity Rate. In addition to cumulative COVID-19 case count, recent positivity rates 
may influence perceived threat of COVID-19 and, in turn, vaccination behavior. We collected 
average daily positivity rate for Nucleic Acid Amplification Tests (NAAT) administered from April 
12, 2021-April 19, 2021 from the CDC (42). 
 
Analytic Approach 
Data Preprocessing. Our initial dataset consisted of 1293 counties from 16 US states. However, 
some counties within those 16 states only report vaccination statistics for one race, so we were 
unable to measure vaccination disparity in those counties. We excluded those counties, resulting 
in a sample of 1203 counties. We also excluded counties whose COVID-19 vaccination rates for 
Black and/or White residents exceeded 100%, yielding 1186 counties. We then excluded 
observations with missing values for any dependent or predictor variables, which led to 776 
counties. In some counties, there are very few Black residents; for example, according to the 
2019 ACS 5-year estimate, there are 9 Black people in Kent, Texas while the population of White 
people is relatively large. To increase the robustness of the measurement of vaccine disparity, we 
excluded counties where the proportion of Black residents is very small. The cutoff for exclusion 
was set at 273 Black residents, which is the first quartile of the Black population across all 
counties in the initial 1293 counties sample. Following this exclusion, our final sample for 
regression analysis consists of 756 counties.  
 
Methods for Regression analysis.1 The main analyses in the context are performed using OLS 
regressions: one with COVID-19 disparity (CVD) and a second with flu vaccination disparity 
(FVD) among Blacks and Whites as the dependent variable. In the regression models, in addition 
to the main explanatory variables, we include state dummy variables to account for state 
heterogeneity in vaccination policies, since states have slightly different COVID-19 vaccination 
eligibility in terms of age and occupations (44). Before conducting the regression analysis, all 
variables except the dependent variables and dummy variables were standardized to yield mean 
= 0 and standard deviation = 1. Furthermore, to alleviate the influence of outliers, we winsorized 
all variables at 5th and 95th percentiles. Finally, the regression models were weighted using total 
county population, with robust standard errors clustered at the state level.  
 

 
1 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#main-reg 
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{𝐶𝑉𝐷! , 𝐹𝑉𝐷!} = 	𝛽: + 𝛽;𝑀𝑒𝑑𝑖𝑎𝑛𝐼𝑛𝑐𝑜𝑚𝑒! + 𝛽<𝑀𝑒𝑑𝑖𝑎𝑛𝐼𝑛𝑐𝑜𝑚𝑒𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦!
+ 𝛽=𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝐺𝑟𝑎𝑑𝑢𝑎𝑡𝑖𝑜𝑛𝑅𝑎𝑡𝑒! + 𝛽>𝐻𝑖𝑔ℎ𝑆𝑐ℎ𝑜𝑜𝑙𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦!
+ 𝛽?𝐻𝑒𝑎𝑙𝑡ℎ𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑖𝑒𝑠𝑃𝑒𝑟𝐶𝑎𝑝𝑖𝑡𝑎! + 𝛽@𝐶𝑂𝑉𝐼𝐷𝐶𝑎𝑠𝑒𝑠𝑃𝑒𝑟𝐶𝑎𝑝𝑖𝑡𝑎! + 𝛽A𝐻𝑜𝑚𝑒𝐼𝑇𝑅𝑎𝑡𝑒!
+ 𝛽B𝐻𝑜𝑚𝑒𝐼𝑇𝐷𝑖𝑠𝑝𝑎𝑟𝑖𝑡𝑦! + 𝛽C𝑈𝑟𝑏𝑎𝑛! + 𝛽;:𝑅𝑎𝑡𝑒𝑂𝑓𝑉𝑒ℎ𝑖𝑐𝑙𝑒𝑂𝑤𝑛𝑒𝑟𝑠ℎ𝑖𝑝!
+ 𝛽;;𝑃𝑜𝑙𝑖𝑡𝑖𝑐𝑎𝑙𝐼𝑑𝑒𝑜𝑙𝑜𝑔𝑦! + 𝛽;<𝑆𝑒𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛𝐼𝑛𝑑𝑒𝑥! + 𝛽;=𝑅𝑎𝑐𝑖𝑎𝑙𝐵𝑖𝑎𝑠!

+ 𝛽;>𝑉𝑎𝑐𝑐𝑖𝑛𝑒𝐻𝑒𝑠𝑖𝑡𝑎𝑛𝑐𝑦! + 𝛽;?𝑃𝑟𝑜𝑝𝑜𝑓𝐵𝑙𝑎𝑐𝑘𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛! +Y𝑆𝑡𝑎𝑡𝑒𝐷𝑢𝑚𝑚𝑦!D

;?

DE;

+ 𝜀! 

 
Extended Methods for Robustness Checks 
 
Below are the details of the robustness checks reflected in the main context. The code and data 
are accessible via the GitHub URL in each section’s footnote. 
 
Earlier Time Periods.2 We developed codes to conduct robustness checks using COVID-19 
vaccination disparity data collected at two earlier time periods, March 27 and April 7.  
 
Controlling for Flu Vaccination Rates.3 As a further robustness check, we controlled for flu 
vaccination rates and disparity in flu vaccination rates. While we already control for overall 
vaccine hesitancy in our main analysis, the addition of flu vaccination rates allows us to capture 
non-COVID-19 specific vaccination behavior and observed disparities by race. Of note, the flu 
vaccination data from 2019 comes from a Medicare population.  
 
Controlling for Older Adult Population.4 While continuing to include flu vaccination measures, 
we then controlled for the proportion of adults aged 75 or older and racial differences in the rate 
of older adults. This is because in the early stage of vaccination, older adults were given higher 
priority for vaccination, which might affect racial disparity due to the longer life expectancy of 
Whites (45, 46).  
 
Controlling for Vaccine Eligible Population.5 In addition to differences in the priority 
populations of adults above age 75, we also added a variable to control for proportion of the 
remaining population eligible for the vaccines. We approximate the eligible population by 
controlling for a county’s population aged 15-74 (and related disparity) in one set of analyses and 
the population aged 20-74 (and related disparity) in a second.  
 
Defining Rates by Eligible Population.6 Complementing the approach of adding additional age 
controls, we also performed robustness checks that defined vaccination rates relative to the 

 
2 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#different-dates-and-full-
vaccination-rate-types 
3 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#different-age-group-
controls 
4 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#different-age-group-
controls 
5 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#different-age-group-
controls 
6 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#different-age-group-
controls 
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population above age 15 in a county and the population above age 20. This is in contrast to the 
approach of defining vaccination rates relative to the population of the entire county.  

Alternative Operationalizations of Disparity.7 To assess the robustness of our findings when 
operationalizing disparity in different ways, we calculated vaccination disparity as a ratio of the 
White vaccination rate compared to the Black vaccination rate (White Vaccination Rate/Black 
Vaccination Rate). In addition, we treated predictor variables modeling disparity (e.g., high school 
graduation rate disparity, median income disparity, etc.) following the same ratio method.  

In addition to defining disparity as a ratio, we performed additional analyses defining disparity 
scaled relative to the overall vaccination rate in a county (i.e., 𝑆𝐶𝑉𝐷!). In this model, we adopt a 
similar scaled approach to define disparities in our predictor variables where applicable.  

Residential Mobility.8 Some areas saw high levels of mobility during the pandemic, which may 
bias estimates of vaccination rates. To address this concern, we identified a source that provided 
information about the areas that saw the greatest movement during the pandemic based on data 
from 75,000 moves (47). The list includes 10 cities with the greatest net increase in movement 
and the 10 cities with the greatest net decrease in movement, some of which are not represented 
in the counties included in our analysis. We exclude the 12 relevant counties represented in our 
data for this additional robustness checks. 

At Least One and Full Vaccination Results on May 20, 2021.9 We also collected recent full 
vaccination rate data from May 20, 2021 to explore whether our findings hold when including 
second dose data. Using these data, we replicate our main analysis approach and robustness 
checks. We note that fewer states report full vaccination rates by race, yielding a final sample of 
534 counties for the full vaccination rate analyses.  

Addressing Multicollinearity.10 To address multicollinearity of variables, we examined the 
variance inflation factors (VIF) for the variables in our main models. We found that the only 
variables that exceeded the conventional cut-off for VIFs of 10 were several state dummy 
variables and vaccine hesitancy. To investigate the impact of this multicollinearity, we ran an 
additional robustness check excluding vaccine hesitancy from the model.  

Treatment of Ethnicity.11 Given the different treatments of ethnicity in the data made available, 
we conducted further robustness checks by splitting our sample into two subgroups, those that 
provide estimates for non-Hispanic White vaccination rates specifically (six states) and those that 
do not (ten states).  

Consistency with our Original Submission.12 To further validate the robustness of our finding, 
we also use the approach in our original submission to calculate COVID-19 vaccination 
7 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#different-disparity-
operationalizations 
8 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#residential-mobility 
9 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#different-dates-and-full-
vaccination-rate-types 
10 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#avoid-collinearity-by-
droping-hesitancy-variable 
11 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#subsample-analysis-6-
states-and-10-states 
12 https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish#vaccination-rate-on-
whole-white-population 
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disparities, where the White vaccination rate is based on total White population rather than Non-
Hispanic White population for all states in our sample. 

Reproducibility 
All data and code are available in a publicly accessible GitHub repository available here: 
https://github.com/CHIDS-UMD/Covid19-Vaccination-Race-Disparity-Publish (43). 
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