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Purpose: The COVID-19 pandemic has had a profound impact on American life. However, the burden of 

the pandemic has not been distributed equally. The purpose of this study was to investigate whether 

racial and economic residential segregation were associated with COVID-19 related factors in the nation’s 

capital, Washington D.C., during the first year of the pandemic. 

Methods: Racial, economic, and racialized economic segregation were assessed using the Index of Con- 

centration at the Extremes measure and data from the 2014–2018 American Community Survey. COVID- 

19 related factors (i.e., incidence, testing rate, and percent positivity) were assessed using data from the 

Washington D.C. government. Spearman rank correlation was used to assess the relationship between 

each segregation measure and each COVID-19 related factor. 

Results: Washington D.C. neighborhoods with a higher concentration of African Americans, lower income 

residents, and African Americans with low income had a higher incidence of COVID-19 and greater per- 

cent positivity, but lower testing rates compared to their counterparts. 

Conclusions: There is a geographic mismatch between neighborhoods most vulnerable to COVID-19 and 

the neighborhoods where the testing resources are being used. More resources should be allocated to the 

most vulnerable neighborhoods to address the COVID-19 pandemic in an equitable manner. 

© 2021 Published by Elsevier Inc. 
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ntroduction 

With the death of over half a million Americans, the emer- 

ence and persistence of COVID-19 in the United States has un- 

oubtedly altered American life [1] . As an airborne, infectious dis- 

ase, COVID-19 has been touted by some in mainstream media 

s “a great equalizer” where social standing would not impact 

ulnerability [2] . In reality, vulnerability to COVID-19 is not uni- 

orm in American society as data consistently identifies stark racial 

isparities [ 3 , 4 ]. For example, in the nation’s capital, Washington 

.C., African Americans represent ~46% of the population but make 

p 75% of COVID-19 related deaths [5] . COVID-19 disparities have 

ostly been explained by two reasons: 1) African Americans are 

isproportionately affected by pre-existing health conditions (e.g., 
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eart disease, diabetes, and kidney disease) that are risk factors for 

OVID-19 and 2) African Americans are more likely to have front 

ine occupations that offer less protection (e.g., contact with the 

ublic, no paid sick leave) against the virus [6–8] . However, the 

ailure to contextualize these explanations leaves lost opportunity 

o adequately address the disparities and reduce the spread of the 

irus. 

We draw on fundamental cause theory, which posits that 

acism and socioeconomic inequality are root causes of health 

isparities, to explain the disproportionate effect of COVID-19 on 

frican Americans [ 9 , 10 ]. These root causes operate largely via 

acial residential segregation, an institutional mechanism of racism 

hat represents the physical separation of residences by race and 

s tied to economic opportunity [11–13] . Despite the passing of 

he Fair Housing Act of 1968 which made explicit discriminatory 

ousing practices illegal, segregation is still maintained in con- 

emporary American society [14] . Decades of research have high- 

ighted the importance of neighborhood level resources on the 
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ealth of residents [15] . The neighborhood environment provides 

ccess to resources such as education, occupational opportunities, 

ealthy food availability, engagement in physical activity, clean air 

nd water, social capital, healthcare, and safety. These resources 

n turn are associated with disease vulnerability [16–19] . Segrega- 

ion has been associated with a myriad of chronic and infectious 

ealth outcomes such as incident cardiovascular disease [20] , sys- 

olic blood pressure [21] , obesity [22] , and tuberculosis [ 23 , 24 ]. The

isk of disease associated with segregation is not inherently due 

o residing next to individuals of a specific race or economic sta- 

us. Rather, the associations are the result of the concentration of 

ocial disadvantage and systematic disinvestment in marginalized 

ommunities [25] . 

Based on the extant literature demonstrating that residential 

egregation is a significant predictor of many health outcomes, we 

ypothesize that it will also associate with COVID-19 related fac- 

ors. In the present study, we first map the neighborhood level 

eographic distribution of COVID-19 related factors (i.e., incidence, 

umber of tests administered, and percent positivity rate) in Wash- 

ngton D.C. We then assess whether racial and economic segrega- 

ion, measured both independently and jointly, are associated with 

OVID-19 related factors. 

aterial and methods 

tudy population 

Washington D.C. is the capital city of the United States and 

s home to approximately 705,0 0 0 residents [26] . Based on data 

rom the 2014–2018 American Community Survey, most of the 

opulation identify as either Black or African American (47.2%) 

r white (45.1%). Economically, Washington D.C. leads the coun- 

ry in median household income ($82,604). However, there are 

tark racial and economic segregation patterns in the city. Data 

rom the University of Michigan’s Census Scope indicate that 66% 

f one race would have to move to a different neighborhood for 

frican Americans and whites to be equally distributed geographi- 

ally [27] . Washington D.C. has greater income inequality than any 

tate in the nation, and economic status differs greatly along racial 

ines [28] . The median household income for African Americans is 

43,564 while it is $132,040 for white households, and the poverty 

ate is 25.7% for African Americans and 6.9% for whites [26] . 

easures 

egregation 

We obtained the population level estimates for race and median 

ousehold income using data from the 2014–2018 American Com- 

unity Survey at the census tract level and aggregated the esti- 

ates to be consistent with the neighborhood boundaries utilized 

y the Washington D.C. government. Using the Index of Concentra- 

ion at the Extreme (ICE) measure, we assessed three types of seg- 

egation in Washington D.C.: racial (African American/white), eco- 

omic (high income/low income), and racialized economic (low in- 

ome & African American/high income & white). We used income 

utoffs consistent with the literature where “high income” was 

onsidered a median household income of $10 0,0 0 0 or greater and 

25,0 0 0 or less was considered “low income [29] .” The ICE mea- 

ure has been used in previous public health studies as a measure 

f local segregation patterns because it can be meaningfully em- 

loyed at lower levels of geography (e.g., neighborhoods) and per- 

its joint measurement of racial and economic segregation [ 30 , 31 ]. 

he general formula is given by: 

C E = ( A − B ) / T 
i i i i 

34 
here for a given neighborhood i : 

A i = number of persons in Category A (e.g., high income) 

B i = number of persons in Category B (e.g., low income) 

T i = total count of persons belonging to population categorized 

n relation to the measure (e.g., high + low income) 

Possible ICE values range from + 1 to −1 where + 1 represents 

veryone being in Category A and −1 represents everyone being 

n Category B. In the analyses, white, high income, and high in- 

ome & white were coded as Category A, and African American, 

ow income, and low income & African Americans were coded as 

ategory B. 

OVID-19 outcomes 

Three COVID-19 related factors were assessed in this study: 

ncidence, number of tests administered, and percent positivity 

ate. Neighborhood level COVID −19 data were retrieved from the 

overnment of District of Columbia’s coronavirus website ( https: 

/coronavirus.dc.gov/ ). The coronavirus website is updated daily to 

rack the status of the ongoing coronavirus pandemic, and we use 

ata for the first six and second six months since the first reported 

ase of COVID-19 in Washington D.C. (March 7, 2020- September 

, 2020 & September 8, 2020-March 6, 2021). The neighborhoods 

re groups of one to seven contiguous census tracts, enabling com- 

arisons with the U.S. Census data. We calculated the population- 

tandardized number of cases and tests per 10 0 0 residents for each 

ashington D.C. neighborhood. Percent positivity was calculated as 

he number of cases divided by the number of tests. 

tatistical analyses 

Bivariate associations using Spearman rank correlations were 

mployed to assess the associations between segregation measures 

nd COVID outcomes. The Spearman method was used because it 

s a nonparametric test that does not assume a linear relationship 

etween two variables. Maps were created using QGIS 3.12.3, and 

nalyses were conducted using R 4.0.1. 

esults 

In the first six months, there were a total of 14,102 reported 

OVID-19 cases and 298,793 tests that were mapped to neighbor- 

oods in Washington D.C. ( Fig. 1 ). This corresponds to an overall 

ercent positivity of 4.7%. In the second six months, there were an 

dditional 27,317 cases and 962,570 tests. The percent positivity for 

he second six months equates to 2.8%. 

Overall, there were similar patterns in the correlations between 

ach of the segregation measures with the COVID-19 related fac- 

ors ( Table 1 ). There were inverse correlations for cases and per- 

ent positivity, and positive correlations for testing. This indicates 

hat neighborhoods with a greater concentration of African Amer- 

cans (vs. whites), low income (vs. high income) residents, and 

frican Americans of low income (vs. whites of high income) have 

igher rates of COVID-19 incidence despite lower testing rates 

 Table 1 ). There were no significant differences in the correlations 

etween the first six months and second six months for any of the 

egregation-COVID factor relationships (data not shown). 

iscussion 

In this study, we found inverse associations between segre- 

ation (racial, economic, and racialized economic) and COVID-19 

ases and percent positivity, but positive associations between the 

egregation measures with COVID-19 testing in Washington D.C. 

hese associations did not significantly change between the first 

https://coronavirus.dc.gov/
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Fig. 1. Geographical distribution of COVID-19 related factors. 

Table 1 

Spearman correlations between segregation and COVID-19 related factors 

First 6 months Second 6 months 

Cases Testing Percent positivity Cases Testing Percent positivity 

Racial segregation −0.59 ∗∗∗ 0.30 ∗ −0.81 ∗∗∗ −0.53 ∗∗∗ 0.54 ∗ −0.80 ∗∗∗

Economic segregation −0.46 ∗∗∗ 0.33 ∗ −0.64 ∗∗∗ −0.56 ∗∗∗ 0.38 ∗∗ −0.77 ∗∗∗

Racialized economic segregation −0.53 ∗∗∗ 0.32 ∗ −0.72 ∗∗∗ −0.61 ∗∗∗ 0.45 ∗∗ −0.84 ∗∗∗

∗ P < .05,. 
∗∗ P < .01,. 
∗∗∗ p < .001. 
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nd second six months of the pandemic. As COVID-19 is an on- 

oing pandemic, this study highlights the increased need for ad- 

quate resources for vulnerable populations in the nation’s capi- 

al. The findings are consistent with fundamental cause theory in 

hat it highlights that marginalized races (i.e. African Americans in 

he United States) and economically disadvantaged populations are 

ore likely to be burdened by new diseases (e.g. COVID-19) and 

ess likely to have access to sufficient health preserving resources 

e.g. testing) needed to mitigate its impact [ 9 , 12 , 32 ]. 

Our findings that segregation patterns are associated with 

OVID-19 incidence and percent positivity are consistent with 

merging studies [ 33 , 34 ]. For example, a study by Yu et al. of

00 metropolitan areas in the United States found that higher 

acial segregation was associated with COVID incidence and deaths, 

nd this association was most pronounced for racially segregated 

ities that also had high income inequality [35] . An analysis in 

assachusetts using the same Index of Concentration segregation 

easure used in the present study found that the joint measure 

f racialized economic segregation was associated with COVID- 

9 related deaths. In the study, residents in neighborhoods with 

 high concentration of low-income people of color were dying 
35 
rom COVID 1.66 times the rate of residents of neighborhoods with 

 high concentration of high income non-Hispanic whites [36] . 

verall, the emerging literature suggests that racial and economic 

egregation are important upstream determinants of inequities of 

OVID-19 outcomes. 

Since COVID-19 can be spread by both symptomatic and asymp- 

omatic individuals, testing is a critical component of curbing the 

ommunity spread of the virus. In the present study, we find that 

frican American and economically disadvantaged neighborhoods 

eceived less tests per 10 0 0 residents compared to white and eco- 

omically advantaged neighborhoods. Extant investigations of the 

ssociation between segregation and testing have yielded mixed 

ndings. A study using early COVID data (through April 12, 2020) 

rom NYC found no association between zip code level racial com- 

osition and testing but a significant inverse association between 

ncome and testing rate [37] . Findings from a study by Bilal et al. 

sing data from New York City, Philadelphia, and Chicago suggests 

hat temporality may play a role. This study found that socioeco- 

omically disadvantaged neighborhoods received less testing than 

dvantaged neighborhoods in the early weeks of the pandemic, but 

o association as the pandemic progressed [38] . However, findings 
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rom the present study show no change in trends over time in 

ashington D.C. 

In this study, we did not account for potential confounders or 

ediators due to sample size restrictions. The smallest unit of 

eography of publicly available COVID-19 statistics for Washing- 

on D.C. is the neighborhood level. There are 51 D.C. neighbor- 

oods, and analyses would be underpowered for regression tech- 

iques. Having more granular publicly data, such as the census 

ract level, would more than triple the sample size and statisti- 

al power would be increased. It would also facilitate more precise 

dentification of the most vulnerable areas of the city. The publicly 

vailable data also does not permit analyses of whether COVID-19 

ata matches onto residents’ home neighborhood. Washington D.C. 

s part of a larger metropolitan area with a lot of intrastate and 

nterstate commuting, and it is possible that people seek resources 

here they work or travel. The data also does not permit assess- 

ent of how many people have been tested. It is likely that some 

egments of the population (e.g., healthcare workers, correctional 

fficers) have received multiple tests while others have not been 

ested at all. Lastly, we used income cutoffs ($10 0,0 0 0 for high in-

ome and $25,0 0 0) that were consistent with the literature. How- 

ver, since D.C. leads the nation in both median household income 

nd income inequality, the cutoffs may not capture segregation in 

he same way as other geographic regions. 

onclusion 

As COVID-19 is an ongoing threat, there will be a continuous 

eed for analyses such as the present one to monitor equitable 

istribution of life preserving resources for combating the virus. 

rom an equity standpoint, the finding that segregation was asso- 

iated with COVID-19 incidence and percent positivity but the test- 

ng association was in the opposite direction suggests that there is 

 geographic mismatch between neighborhoods most vulnerable to 

OVID-19 and the neighborhoods where the testing resources are 

eing allocated. It is possible that vulnerable neighborhoods are 

eing undertested, and the corresponding incidence rates are an 

nderestimate of the true occurrence of COVID-19 in these areas. 

ore resources should be allocated to the most vulnerable neigh- 

orhoods to address the COVID-19 pandemic in an equitable man- 

er. 
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