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Objectives. To quantify the relationship between the segregation of Black, Indigenous, and Latinx

communities and COVID-19 testing sites in populous US cities.

Methods. We mapped testing sites as of June 2020 in New York City; Chicago, lllinois; Los Angeles,
California; and Houston, Texas; we applied Bayesian methods to estimate the association between

testing site location and the proportion of the population that is Black, Latinx, or Indigenous per block
group, the smallest unit for which the US Census collects sociodemographic data.

Results. In New York City, Chicago, and Houston, the expected number of testing sites decreased by
1.29%, 3.05%, and 1.06%, respectively, for each percentage point increase in the Black population. In
Chicago, Houston, and Los Angeles, testing sites decreased by 5.64%, 1.95%, and 1.69%, respectively, for
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each percentage point increase in the Latinx population.

Conclusions. In the largest highly segregated US cities, neighborhoods with more Black and Latinx

residents had fewer COVID-19 testing sites, likely limiting these communities' participation in the early

response to COVID-19.

Public Health Implications. In light of conversations on the ethics of racial vaccine prioritization,
authorities should consider structural barriers to COVID-19 control efforts. (Am J Public Health.

2022;112(3):518-526. https://doi.org/10.2105/AJPH.2021.306558)

lack, Indigenous, and Latinx com-
B munities in the United States have
experienced disproportionate rates of
COVID-19 infection, hospitalization, and
mortality.” They will likely also take lon-
ger to recover as individuals and com-
munities from the social and economic
ramifications of the pandemic.?
Observers outside public health pre-
dicted this epidemiological landscape
in the absence of coordinated federal
data collection. Lay Black people,
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Indigenous people, and other people of
color (BIPOC) have identified structural
racism—the historical, economic, politi-
cal, and interpersonal factors resulting
in poor outcomes for racial minori-
ties—as the underlying mechanism for
racial inequity during the pandemic.?
Structural racism precedes the health
inequity observed during the pandemic
through myriad pathways.* Racial ineg-
uity in employment, housing, and
wealth impede BIPOC communities'

practice of social and physical distanc-
ing.>® Racial and ethnic discrimination
in clinical settings and inequity in access
to healthy food and clean air contribute
to disproportionate rates of comorbid-
ities that complicate COVID-19 among
BIPOC." We quantified the contribution
of segregation, a geographic manifes-
tation of structural racism, to health
inequity among Black, Indigenous,
and Latinx communities during the
COVID-19 pandemic.
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There is limited academic work on
the impact of structural racism on
access to the early public health
response to the pandemic, which
largely consisted of the establishment
of diagnostic testing sites. A previous
study on access to testing in the United
States focused on the relationship
between testing locations and the
percentage of counties that are “non-
White” in addition to median income
and the percentage uninsured.’
However, large geographic units
(e.g., counties) may obscure the more
local, neighborhood-level dynamics
of structural racism.® Furthermore,
it is critical to be specific about the
particular minority communities in
question, as racism often manifests
differently depending on the ethnora-
cial group.”

Racial segregation is the systematic
geographic separation of racial and
ethnic minorities from White neighbor-
hoods through deliberate policies and
practices and the resultant experience
of social and economic marginality for
separated racial and ethnic minori-
ties.' This geographic manifestation of
structural racism long preceded the
COVID-19 pandemic. In the United
States, the most extreme patterns of
segregation occur between Black and
White Americans.'" However, other
groups, including Indigenous and Lat-
inx communities, are also segregated
from White communities.'® Although
some literature points to the potential
benefits of having neighbors of the
same race, the process of segregation
is distinct from the willful creation of
enclaves for the preservation of ethno-
racial vibrancy.'?

Sociologist and legal scholar Monica
Bell elucidates the complex, multilevel,
and intentional process of segregation.
Segregation consists of separation,

concentration, subordination, and
domination.® First, there is uneven geo-
graphic distribution of racial or ethnic
groups across a coherent geographic
area (separation). Next, there is move-
ment of marginalized ethnic groups
into identifiable and stigmatized
enclaves (concentration). Concentra-
tion highlights neighborhood effects—
the influence of clusters of marginalized
communities that leads to compounded
deprivation. This process of concentra-
tion establishes and reproduces hege-
monic racial hierarchy (subordination).
Subordination goes beyond the observ-
able consequences of concentration
and articulates the subjective experience
of segregation for racial minorities.
The stigmatizing experience of subor-
dination facilitates the social control
and economic exploitation of disad-
vantaged groups by White people,
who then hoard political opportunity
and power (domination). Although the
costs of domination are dispropor-
tionately experienced by marginalized
people, domination also harms White
people by hampering interracial social
and political coalition building. Segre-
gation is an intentional process that
creates and rearticulates social order.
We characterize the spatial distribu-
tion of COVID-19 testing sites in the 4
most populous, highly segregated US
cities using the dissimilarity index.">*
We report on the relationship between
the distribution of the early COVID-19
response and the segregation of Black,
Indigenous, and Latinx communities.

METHODS

We used a complete list of testing sites
made publicly available by GISCorps
(Urban and Regional Information Sys-
tems Association, Des Plaines, IL)
through June 2020. Testing sites
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included drive-through locations, pre-
existing hospital centers and clinics,
commercial pharmacies, and pop-up
testing sites. We then generated a list
of the 20 most segregated US cities as
measured by the dissimilarity index.'>
The dissimilarity index is the most com-
monly used measure of segregation
between 2 groups and reflects their rel-
ative distributions across neighbor-
hoods in the same city."* The index
ranges between 0 and 100 and quanti-
fies the percentage of 1 group that
would have to move across neighbor-
hoods to be distributed the same way
as the second group. The higher the
number, the more segregated the
area.'* We then selected the 4 most
populous cities on this list (i.e.,, New
York City; Los Angeles, CA; Chicago, IL;
and Houston, TX) to facilitate a focused
analysis.'®

Covariates

Our outcome was the number of
testing sites in each census block group
as of June 2020. Covariates of interest
included the percentage of the popula-
tion that was non-Hispanic Black or Afri-
can American, the percentage of the
population that was Hispanic or Latino,
and the percentage of the population
that was non-Hispanic American Indian
or Alaska Native at the census block
group level. With the exception of the
Methods and Results sections, where
we refer to covariates, we use the term
“Black” interchangeably with the “Black
or African American” census category,
“Indigenous” interchangeably with the
“American Indian or Alaska Native” cate-
gory, and “Latinx” interchangeably with
the “Hispanic or Latino” category. We
used 2020 ethnoracial estimates pro-
vided by SimplyAnalytics (New York, NY),
a demographic analytics company.
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These 2020 estimates are generated
using a combination of US Census
Bureau data, including from the 2015
through 2019 5-year American Commu-
nity Survey, the 2019 Public Use Micro-
data Sample, and the 2010 Decennial
Census.

We used the percentage of a census
block group that is non-Hispanic Black
or African American, Hispanic or Latino,
or non-Hispanic American Indian or
Alaska Native to measure ethnoracial
separation, as it is a critical component
of segregation.® Because segregation is
structural and distinct from willful sepa-
ration, these proportions capture the
results of decades of racist policies and
structures.” Racial and ethnic separa-
tion serves as a marker of racially
driven spatial discrimination and cap-
tures the impact of structural racism,
as manifested by segregation. These
particular ethnoracial groups were
selected because of the COVID-19
inequities already demonstrated in the
literature.""® The census block group is
the smallest geographic unit for which
the US Census Bureau publishes data
on race and ethnicity. It is an adminis-
trative unit that is more detailed than a
census tract and, therefore, more
closely approximates neighborhood
demographic dynamics than do aggre-
gated tract-, county-, or state-level
estimates.

Cartography

We performed geospatial analysis of
the distribution of COVID-19 testing
sites in Chicago, New York City, Hous-
ton, and Los Angeles. Because the dis-
similarity index allows comparison of
only 2 racial or ethnic groups at once,
we chose Black-White separation.
This dichotomy represents the most
extreme segregation patterns in the
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United States."" We geocoded testing
site addresses using a Google geocod-
ing application programming interface
(API) to arrive at latitude and longitude
coordinates. We then generated corre-
sponding census block group spatial
identification numbers for testing site
coordinates using a Census.gov geolo-
cator API. Finally, we mapped the per-
centage of the city population that is
non-Hispanic Black or African American
and the percentage of the population
that is non-Hispanic White using dot
densities. We generated our maps in
ArcGIS Pro version 2.6 (Esri, West Red-
lands, CA).

Statistical Model and
Analysis

We performed a population-adjusted
hierarchical Bayesian Poisson regres-
sion analysis using the S.CARleroux
function in the CARBayes package.'®
This model accounts for spatial correla-
tion that may be presentin the out-
come by including block group-specific
random effects that are correlated based
on the geography of a city. Because we
used the Leroux version of the condi-

' random

tional autoregressive mode
effects from neighboring block groups
(i.e., those with a shared border) were
more similar a priori. We allowed the
data to determine the appropriate
amount of spatial correlation and vari-
ability in the data by specifying weakly
informative previous distributions on
the model parameters. We included all
ethnoracial groups in the same model
but created separate models for each
city. We tested zero-inflated Poisson
models, but they were outperformed
by our chosen model (see the supple-
mental tables for additional model fit
details [available as a supplement to

the online version of this article at
http://www.ajph.org]).

Our model adjusted for population
size using an offset term in the Poisson
regression. We also performed a sensi-
tivity analysis using population density
as a covariate and present those
results in the supplementary tables.
Because income and race are along the
causal pathway of racism, we did not
adjust for employment, income, or
other socioeconomic measures as
covariates.?® We made this choice to
avoid adjusting away the economic or
employment dimensions of structural
racism and thereby underreporting
the effect of racism on health care
access.”’?? Because structural racism
is an organizing system of oppression,
structural racism includes the impact of
income inequality, employment ineg-
uity, microaggressions, and internalized
racism on racial minorities.* Our use of
racial covariates as proxies for struc-
tural racism, then, includes the impact
of these and other unobservable medi-
ators of structural racism on racial
minorities. Our inclusion of race and
ethnicity covariates does not presume
there is an innate quality of the selected
groups that can be separated or isolated
from the economic, educational, and
political context in which these groups
live.® We report relative risks or inci-
dence rate ratios, posterior SDs, and
95% quantile-based credible intervals.
We performed our analysis in R version
3.6.7 (R Foundation for Statistical Com-
puting, Vienna, Austria).

RESULTS

Chicago has a dissimilarity index of
82.50 and is the most racially segre-
gated city in the United States by this
measure (Table 1). Chicago is also the
third most populous city in the United
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I TABLE 1— Ethnoracial Composition Based on 2019 Estimates and Testing Sites per City as of June 2020: 4 US Cities
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interquartile range.

Note. IQR

*We removed 1 New York City block group because it was a complete island with no neighboring block groups and thus was necessarily excluded from the neighborhood matrix for spatial

autocorrelation.

bWe excluded 8 Houston block groups that are islands among other Texas municipalities because they lack spatial neighbors within Houston city limits.
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States. There were 30 testing sites in
Chicago as of June 2020 (Figure 1).

With every percentage point increase in
the proportion of the block group pop-
ulation that was non-Hispanic Black or
African American, there was a 3.05%
population-adjusted reduction in the
expected number of testing sites in
that block group (Table 2). With every
percentage point increase in the pro-
portion of the block group that was His-
panic or Latino, there was a 5.64%
population-adjusted reduction in the
expected number of testing sites in
that block group. Results for the per-
centage of the block group that was
non-Hispanic American Indian or Alaska
Native were not significant in Chicago.

New York City has a dissimilarity
index of 81.40 and is the second most
racially segregated city in the United
States by this measure (Table 1). New
York is also the most populous city in
the United States. There were 166 test-
ing sites in New York City as of June
2020 (Figure 1). With every percentage
point increase in the proportion of the
block group population that was non-
Hispanic Black or African American,
there was a 1.29% population-adjusted
reduction in the expected number of
testing sites in that block group (Table
2). Results for the percentage of the
block group that was either Hispanic or
Latino or non-Hispanic American Indian
or Alaska Native were not significant in
New York.

Houston has a dissimilarity index of
68.60 and is the 14th most segregated
city in the United States by this mea-
sure (Table 1). Houston is also the
fourth most populous city in the United
States. There were 80 testing sites in
Houston as of June 2020 (Figure 1).
With every percentage point increase in
the proportion of the block group pop-
ulation that was non-Hispanic Black or
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a Chicago ; White population %
% of Block Group Number of
Population that is Non- | Testing Sites
Hispanic Black
0%-1.19% 6
1.20%-3.62% 6
3.62%-6.90% 6
6.94%-13.71% 6
13.95%-100% 6
N 10
A [ Kilometers
b Los Angeles
% of Block Group Number of
Population that is Non- | Testing Sites
Hispanic Black
0%-2.22% 14
2.22%-3.27% 14
3.27%-5.60% 14
5.62%-16.28% 14
16.32%-92.26% 12
N 10
A [ Kilometers
C New York City
% of Block Group Number of
Population that is Non- | Testing Sites
Hispanic Black
0%-1.44% 33
1.44%-4.78% 33
4.78%-11.53% 34
11.54%-25.45% 33
25.47%-100% 33
N 10
A [ Kilometers
d Houston
% of Block Group Number of
Population that is Non- | Testing Sites
Hispanic Black
0%-4.63% 16
4.64%-9.30% 16
9.319%-14.80% 6 g “5
14.82%-29.55% 16
29.55%-96.73% 16 :

N 10
A [ Kilometers

FIGURE 1— covip-19 Testing Site Locations and the Proportion of
Census Block Groups That Are Black or White in (a) Chicago, IL; (b) Los
Angeles, CA; (c) New York City; and (d) Houston, TX: June 2020

African American, there was a 1.06%
population-adjusted reduction in the
expected number of testing sites in
that block group (Table 2). With every
percentage pointincrease in the
proportion of the block group popula-
tion that was Hispanic or Latino, there
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was a 1.95% population-adjusted
decrease in the expected number of
testing sites in that block group. Results
for the percentage of the block group
that was non-Hispanic American Indian
or Alaska Native were not significant in
Houston.

Los Angeles has a dissimilarity index
of 66.90 and is the 18th most segre-
gated city in the United States by this
measure (Table 1). Los Angeles is also
the second most populous city in the
United States. There were 68 testing
sites in Los Angeles as of June 2020
(Figure 1). With every percentage point
increase in the proportion of the block
group population that was Hispanic or
Latino, there was a 1.69% population-
adjusted decrease in the expected
number of testing sites in that block
group. Results for the percentage
of the block group that was either
non-Hispanic Black or African American
or non-Hispanic American Indian or
Alaska Native were not significant in
Los Angeles.

DISCUSSION

By quantifying the association between
the number of COVID-19 testing sites
and the proportion of the population
that is Black, Latinx, and Indigenous at
the census block group level, we
revealed the impact of historical and
contemporary patterns of racial segre-
gation on the public health response to
the COVID-19 pandemic. Our primary
findings are that even after adjusting
for population, the expected number of
testing sites decreases between 1.06%
and 3.05% for each percentage point
increase in the proportion of a census
block group that is Black and between
1.69 and 5.64 for each percentage
point increase in the proportion of a
census block group that is Latinx. We
demonstrate that the patterns of racial
segregation that preceded the pan-
demic influenced the public health
infrastructure established to address
COVID-19 in the most populous US cit-
ies. Our study extends previous work
by demonstrating racial and ethnic



TABLE 2— Estimated Relative Risk of COVID-19 Testing Site for
a 1% Population-Adjusted Increase in Block Group Population
That Is Non-Hispanic Black, Hispanic or Latino, or Non-Hispanic
American Indian or Alaska Native: 4 US Cities, June 2020

RR (SD; 95% CI)

New York, NY

Non-Hispanic Black or African American

0.99 (0.004; 0.98, 0.99)

Hispanic or Latino

1.01 (0.003; 1.00, 1.01)

Non-Hispanic American Indian or Alaska Native

0.94 (0.22; 0.55, 1.43)

Chicago, IL

Non-Hispanic Black or African American

0.97 (0.01; 0.95, 0.98)

Hispanic or Latino

0.94 (0.02; 0.91, 0.97)

Non-Hispanic American Indian or Alaska Native

1.82 (1.11; 0.41, 4.63)

Houston, TX

Non- Hispanic Black or African American

0.99 (0.01; 0.98, 1.00)

Hispanic or Latino

0.98 (0.01; 0.97, 0.99)

Non-Hispanic American Indian or Alaska Native

0.86 (0.40; 0.31, 1.85)

Los Angeles, CA

Non-Hispanic Black or African American

1.01 (0.01; 0.99, 1.02)

Hispanic or Latino

0.98 (0.01; 0.97, 0.99)

Non-Hispanic American Indian or Alaska Native

1.02 (0.29; 0.55, 1.70)

Note. Cl = credible interval; RR = relative risk.

inequity at the neighborhood level,
where residential segregation dynamics
are manifest.® Our suggestion of segre-
gation as the specific instance of
structural racism that underlies the
demonstrated disparity uniquely con-
tributes to the literature. Furthermore,
our identification of the particular
minority communities affected lends
specificity to the literature in this area.
Finally, this study is novel in accounting
for spatial correlation in our statistical
model.

There is a wealth of literature that
elucidates how racial discrimination
and geography lead to inequity in health
and other social outcomes.?* Redlining,
for example, is a historical example of
segregation with persistent health impli-
cations.” Redlining occurred in cities
across the United States, including Chi-
cago, New York, Los Angeles, and Hous-
ton. This historical policy continues to

have implications for contemporary pub-
lic health in these cities. A 2019 Urban
Institute study showed that contempo-
rary access to capital in Chicago is
directed more toward White neighbor-
hoods than toward Black neighborhoods
by a factor of 3 to 1. This disparate rate
of investment already reflects adjust-
ments made for mission-driven eco-
nomic development initiatives that spe-
cifically target poor and minority
communities for special investment.?
Lack of commercial investment in mar-
ginalized communities has implications
for health equity.

The early federal response to the
pandemic was to establish testing cen-
ters via public-private partnership
between the federal government, com-
mercial pharmacies, and other busi-
nesses in addition to health centers.
However, any partnership based on the
preexisting distribution of businesses
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risks underserving BIPOC owing to his-
torical and contemporary practices of
investment on the basis of race and
geography. For example, a community
with fewer commercial pharmacies may
not adequately benefit from a federal
response predicated on partnerships
with local businesses. The public health
response to COVID-19 was superim-
posed on racist policy and structures.
Thus, a race-blind approach to testing,
coupled with preexisting health inequity,
rendered BIPOC particularly vulnerable.
Spatial discrimination and the way that
structural racism mediates the differential
geographic distribution of health system
resources are critical to understanding
the impact of structural racism on the
response to the pandemic.

Monica Bell's theory of segregation
helps us recognize how segregation
creates and reinforces racial inequities
during the pandemic.® The systematic
separation of racial groups that long
predated the pandemic has led to the
concentration of ethnoracial minorities.
The concentration of comorbidities
that complicate COVID-19 in minority
communities is a key example of a
neighborhood effect. Concentration
establishes and reproduces hegemonic
racial hierarchy, which results in subor-
dination. Subordination articulates the
subjective dimensions of segregation
for marginalized people. An example of
subordination is the former US sur-
geon general's degrading call to Black
“big mamas” and Latina “abuelas” to
change their individual behaviors
while ignoring the structural factors
shaping increased COVID-19 risk in
these communities. The stigmatizing
experience of subordination facilitates
the social control and economic exploi-
tation of disadvantaged groups by
White people, who then hoard political
opportunity and power (domination).

Research
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Our results demonstrate domination

in action: the sequestration of testing
resources in White communities even
as minority communities suffered so

disproportionately.

The juxtaposition of disproportion-
ately increased risk and disproportion-
ately limited access to testing resources
is not incidental. For example, in Chi-
cago, more than 70% of early COVID-19
deaths were among Black people.?°
Latinx neighborhoods in the city were
also among the hardest hit across lli-
nois.?® This disease burden among
BIPOC in Chicago was the combined
result of preexisting health inequity as
well as new challenges that arose dur-
ing the pandemic. For both cultural rea-
sons and economic inequality, 26% of
Black Americans and 27% of Latinxs
live in multigenerational households,
compared with 16% of White Ameri-
cans.?’ Additionally, because of
employment inequity, BIPOC are more
likely to have employment that does
not accommodate remote work.>?®

These longstanding factors prevent
hidden frontline and essential workers
and their household members from
social distancing. Furthermore, the inci-
dence of homelessness and state deten-
tion are also increased in Black, Indige-
nous, and Latinx populations: research
has demonstrated high rates of COVID-
19 in prisons and immigration detention
centers.?>?° Residence and community
in crowded, congregated settings con-
fers an increased risk of respiratory dis-
ease and results in disease distribution
along clear racial fault lines. Finally, the
exclusion of undocumented immigrants
and migrants, who are often Black and
Latinx, from safety net health care pro-
tections renders them especially vulner-
able to COVID-19.%7'

Because of this, social determinants
of health as articulated in Public Health
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3.0 may not go far enough for Black, Lat-
inx, and Indigenous communities. The
present moment necessitates a shift to
an appreciation of the “social-structural”
determinants of health: Public Health
3.0X. The study of social determinants of
health might suggest individual or behav-
ioral solutions to racial health inequity. A
perspective that considers social deter-
minants of health alone locates the bur-
den of overcoming health inequity in
supposedly “hard-to-reach” communities.
However, investing in a shared language
of structure accounts for histories and
contemporary realities of oppression
such as residential segregation. A shift to
consideration of the “social-structural
determinants of health” locates the
burden of ameliorating health inequity
in the health system rather than in
minoritized individuals and communi-
ties. Race is not merely a unique social
characteristic of communities that is
associated with disease. Rather, the
structural oppression faced by racially
marginalized groups manifests as a
shared experience of increased health
vulnerability. A structural perspective
suggests institutional solutions.

Limitations

Our study has several limitations. First,
we focused on only the most populous
racially segregated US cities. Second,
the history of settler colonialism in the
United States suggests that there may
be associations between Indigenous
populations and locations of COVID-19
testing sites similar to what we observed
for Black and Latinx communities in our
model; however, the relatively small pro-
portion of the population comprising
Indigenous peoples in the areas studied
limited our ability to assess this effect.
Results for the Indigenous population in
New York and Houston were not

significant, but they do suggest a possi-
ble inverse association between the
location of testing centers and areas
where Indigenous people live. The con-
tinued existence of reservations is a glar-
ing example of the legacy of efforts to
segregate the Indigenous population in
the United States.*?

Third, we focused only on locations of
testing sites, but the manner in which
location relates to access may not be
straightforward. For example, some
sites may be located in overpoliced
areas or otherwise unsafe locations,
have inconvenient hours, or not be
easily accessible to persons with a dis-
ability. Additionally, cross-jurisdictional
travel to access testing is a possible
attenuating factor. Consequently, our
analysis does not directly show that such
disparities in location necessarily lead to
decreased testing access, but this effect
is plausible and deserves further study.
One illustration of this limitation is our
inability to capture how the protests for
racial justice in the summer of 2020 may
have affected access to testing sites.
Additionally, many academic centers, in
particular, exist in proximity to minority
communities that still face access issues
despite proximity.*

Lastly, numerical indices are a useful
proxy for segregation by measuring
separation. However, they are limited in
that they do not necessarily capture the
other dimensions of segregation (e.g,,
concentration, subordination, and dom-
ination). A strength of our approachis
our articulation of proposed mecha-
nisms for these other dimensions of
segregation in the Discussion section.

Public Health Implications

We reveal the unique vulnerability of
Black, Indigenous, and Latinx communi-
ties in the early response to COVID-19



and identify potential avenues to miti-
gate this vulnerability. In doing so, our
work directly contributes to conversa-
tions about the ethics of a race-
conscious approach to delivering the
COVID-19 vaccine and distributing
other health care resources* Our data
show that the largely race-blind patch-
work testing strategy that did not explic-
itly account for race led to inequities in
testing center placement. Thus, itis
important to explicitly consider race in
vaccine distribution. This is especially
true considering how disproportion-
ately BIPOC have been affected by
COVID-19.

Our work may also illuminate paths
to meaningfully partnering with BIPOC
communities in vaccine delivery and
other public health efforts. We should
consider nontraditional vaccine dispen-
sation sites in neighborhoods that are
primarily Black, Indigenous, or Latinx,
including mobile units, barbershops,
churches, and community centers.>®
However, vaccine prioritization on the
basis of race absent genuine and long-
term community partnership is unlikely
to be successful. Local health depart-
ments may consider ways to cocreate
an environment that is conducive to
equitable and ethical BIPOC coleader-
ship in COVID-19 control efforts and
public health efforts beyond the pan-
demic. This might include the involve-
ment of community partners in priority
setting and the renumeration of local
experts for their involvement in
community-engaged programming.
When we locate the challenge in the
health care system rather than burden-
ing members of vulnerable communi-
ties with bridging the participation gap
based on individual behavioral factors,
we make strides against the pandemic
and toward health justice, fulfilling the
promise of Public Health 3.0. 4JPH

ABOUT THE AUTHORS

Emmanuella Ngozi Asabor is an MD-PhD student
with the Epidemiology Department, Yale Univer-
sity Schools of Medicine and Public Health, New
Haven, CT. Joshua L. Warren is with the Biostatis-
tics Department, Yale University School of Public
Health. Ted Cohen is with the Epidemiology
Department, Yale University School of Public
Health.

CORRESPONDENCE

Correspondence should be sent to Emmanuella
Ngozi Asabor, 350 George St, New Haven, CT
06510 (e-mail: emmanuella.asabor@yale.edu).
Reprints can be ordered at http://www.ajph.org
by clicking the “Reprints” link.

PUBLICATION INFORMATION

Full Citation: Asabor EN, Warren JL, Cohen T.
Racial/ethnic segregation and access to COVID-19
testing: spatial distribution of COVID-19 testing
sites in the four largest highly segregated cities in
the United States. Am J Public Health. 2022;112(3):
518-526.

Acceptance Date: September 7, 2021.
DOI: https://doi.org/10.2105/AJPH.2021.306558

CONTRIBUTORS

E.N. Asabor lead the conceptualization of the
study, conducted the analysis, and drafted the
article. ). L. Warren supervised the statistical anal-
ysis and critically revised the article. T. Cohen
conceptualized the study and provided overall
project supervision. All authors interpreted the
results of the analysis.

ACKNOWLEDGMENTS

E.N. Asabor is supported by the Health Policy
Research Scholars Program, Robert Wood John-
son Foundation (RWJF), and the Medical Scientist
Training Program, National Institutes of Health
(NIH; grant T32GM136651). J. L. Warren is sup-
ported by the National Institutes of Allergy and
Infectious Diseases, NIH (grant RO1 Al137093).
T. Cohen was supported by the Council of State
and Territorial Epidemiologists (CSTE), Centers for
Disease Control and Prevention (CDC; grant
NU380T000297-02).

We thank Adam Mally for his feedback on our
figure. We also thank Tony Okolo (Department of
Geriatrics and Palliative Medicine, Icahn School of
Medicine at Mount Sinai) and Joshua Asabor (Yale
Law School) for their thoughtful comments on a
draft of the article.

Note. The content of this article is solely the
responsibility of the authors and does not neces-
sarily represent the official views of the RWJF,
NIH, CDC, or CSTE.

CONFLICTS OF INTEREST

Although unrelated to the current project, J. L.

Warren discloses consulting fees from Revelar
Inc. The authors otherwise have no conflicts of
interest.

RESEARCH & ANALYSIS

HUMAN PARTICIPANT
PROTECTION

No protocol approval was necessary because no
human participants were involved in this study
and the data used were aggregated and are read-
ily available to the public.

REFERENCES

1. Poteat T, Millett GA, Nelson LRE, Beyrer C.
Understanding COVID-19 risks and vulnerabilities
among Black communities in America: the lethal
force of syndemics. Ann Epidemiol. 2020;47:1-3.
https://doi.org/10.1016/j.annepidem.2020.05.004

2. Getacher Y, Zephyrin L, Abrams MK, Shah A,
Lewis C, Doty MM. Beyond the case count: the
wide-ranging disparities of COVID-19 in the
United States. 2020. Available at: https://www.
commonwealthfund.org/publications/2020/sep/
beyond-case-count-disparities-covid-19-united-
states. Accessed November 18, 2021.

3. Blow CM. The racial time bomb in the COVID-19
crisis. Available at: https://www.nytimes.com/
2020/04/01/opinion/coronavirus-black-people.
html. Accessed May 5, 2020.

4. Bailey ZD, Krieger N, Agénor M, Graves J, Linos N,
Bassett MT. Structural racism and health inequi-
ties in the USA: evidence and interventions. Lan-
cet. 2017;389(10077):1453-1463. https://doi.org/
10.1016/S0140-6736(17)30569-X

5. Blow CM. Social distancing during the coronavi-
rus pandemic is a privilege. Available at: https://
www.nytimes.com/2020/04/05/opinion/corona
virus-social-distancing.html. Accessed May 5,
2020.

6. Bowleg L. We're not all in this together: on
COVID-19, intersectionality, and structural
inequality. Am J Public Health. 2020;110(7):.917.
https://doi.org/10.2105/AJPH.2020.305766

7. Rader B, Astley CM, Sy KTL, et al. Geographic
access to United States SARS-CoV-2 testing sites
highlights healthcare disparities and may bias
transmission estimates. / Travel Med. 2020;
2020(7):taaa076. https://doi.org/10.1093/jtm/
taaa076

8. Bell MC. Anti-segregation policing. NYU Law Rev.
2020;95(3):650-765.

9. Lett E, Asabor EN, Corbin T, Boatright D. Racial
inequity in fatal US police shootings, 2015-2020.
J Epidemiol Community Health. 2020; Epub ahead
of print. https://doi.org/10.1136/jech-2020-
215097

10. Williams DR, Collins C. Racial residential segrega-
tion: a fundamental cause of racial disparities in
health. Public Health Rep. 2001;116(5):404-416.
https://doi.org/10.1016/50033-3549(04)50068-7

11. Feagin JR. Documenting the costs of slavery, segre-
gation, and contemporary racism: why reparations
are in order for African Americans. Available at:
https://heinonline.org/HOL/Page?handle=hein.
journals/hblj20&id=53&div=6&collection=journals.
Accessed January 31, 2021.

12. Klaesson J, Oner . Ethnic enclaves and
segregation—self-employment and employment
patterns among forced migrants. Small Bus Econ.
2021;56(3):985-1006. https://doi.org/10.1007/
s11187-019-00313-y

13. White MJ. Segregation and diversity measures
in population distribution. Popul Index. 1986;
52(2):198-221. https://doi.org/10.2307/3644339

Research

Peer Reviewed  Asaboretal.

€ 'ON 'ZLL IOA 'C20C Y2ieN  HdIV

525


mailto:emmanuella.asabor@yale.edu
http://www.ajph.org
https://doi.org/10.2105/AJPH.2021.306558
https://doi.org/10.1016/j.annepidem.2020.05.004
https://www.commonwealthfund.org/publications/2020/sep/beyond-case-count-disparities-covid-19-united-states
https://www.commonwealthfund.org/publications/2020/sep/beyond-case-count-disparities-covid-19-united-states
https://www.commonwealthfund.org/publications/2020/sep/beyond-case-count-disparities-covid-19-united-states
https://www.commonwealthfund.org/publications/2020/sep/beyond-case-count-disparities-covid-19-united-states
https://www.nytimes.com/2020/04/01/opinion/coronavirus-black-people.html
https://www.nytimes.com/2020/04/01/opinion/coronavirus-black-people.html
https://www.nytimes.com/2020/04/01/opinion/coronavirus-black-people.html
https://doi.org/10.1016/S0140-6736(17)30569-X
https://doi.org/10.1016/S0140-6736(17)30569-X
https://www.nytimes.com/2020/04/05/opinion/coronavirus-social-distancing.html
https://www.nytimes.com/2020/04/05/opinion/coronavirus-social-distancing.html
https://www.nytimes.com/2020/04/05/opinion/coronavirus-social-distancing.html
https://doi.org/10.2105/AJPH.2020.305766
https://doi.org/10.1093/jtm/taaa076
https://doi.org/10.1093/jtm/taaa076
https://doi.org/10.1136/jech-2020-215097
https://doi.org/10.1136/jech-2020-215097
https://doi.org/10.1016/S0033-3549(04)50068-7
https://heinonline.org/HOL/Page?handle&hx003D;hein.journals/hblj20&hx0026;id&hx003D;53&hx0026;div&hx003D;6&hx0026;collection&hx003D;journals
https://heinonline.org/HOL/Page?handle&hx003D;hein.journals/hblj20&hx0026;id&hx003D;53&hx0026;div&hx003D;6&hx0026;collection&hx003D;journals
https://doi.org/10.1007/s11187-019-00313-y
https://doi.org/10.1007/s11187-019-00313-y
https://doi.org/10.2307/3644339

RESEARCH & ANALYSIS

20.

21.

AJPH  March 2022, Vol 112, No. 3

22.

23.

24,

25.

26.

27.

526 Research

. Austin AM, Carmichael DQ, Bynum JPW, Skinner

JS. Measuring racial segregation in health system
networks using the dissimilarity index. Soc Sci
Med. 2019;240:112570. https://doi.org/10.1016/j.
socscimed.2019.112570

. Brown University American Communities Project.

Diversity and disparities. Available at: https://s4.
ad.brown.edu/projects/diversity/SegSorting/
Default.aspx. Accessed July 1, 2020.

. US Census Bureau. City and town population

totals: 2010-2019. Available at: https://www.
census.gov/data/datasets/time-series/demo/
popest/2010s-total-cities-and-towns.html.
Accessed January 31, 2021.

. Krieger N, van Wye G, Huynh M, et al. Structural

racism, historical redlining, and risk of preterm
birth in New York City, 2013-2017. Am J Public

Health. 2020;110(7):1046-1053. https://doi.org/
10.2105/AJPH.2020.305656

. Lee D. CARBayes: an R package for Bayesian spa-

tial modeling with conditional autoregressive pri-
ors. J Stat Softw. 2013;55(13):1-24. https://doi.
0rg/10.18637/jss.v055.i13

. Leroux BG, Lei X, Breslow N. Estimation of dis-

ease rates in small areas: a new mixed model for
spatial dependence. In: Halloran EM, Berry D,
eds. Statistical Models in Epidemiology, the Environ-
ment, and Clinical Trials. New York, NY: Springer;
2000:179-191. https://doi.org/10.1007/978-1-
4612-1284-3_4

Schisterman EF, Cole SR, Platt RW. Overadjust-
ment bias and unnecessary adjustment in epide-
miologic studies. Epidemiology. 2009;20(4):
488-495. https://doi.org/10.1097/EDE.Ob013
e3181a819a1

Khazanchi R, Beiter ER, Ganguli I. Methodological
considerations for modeling social vulnerability
and COVID-19 risk—response to Nayak et al.

J Gen Intern Med. 2021;36(4):1115-1116. https://
doi.org/10.1007/s11606-021-06601-2

VanderWeele TJ, Robinson WR. On the causal
interpretation of race in regressions adjusting for
confounding and mediating variables. Epidemiol-
ogy. 2014;25(4):473-484. https://doi.org/10.
1097/EDE.0000000000000105

Hardeman RR, Karbeah J. Examining racism in
health services research: a disciplinary self-cri-
tique. Health Serv Res. 2020;55(suppl 2):777-780.
https://doi.org/10.1111/1475-6773.13558

Cummins S, Curtis S, Diez-Roux AV, Macintyre S.
Understanding and representing “place” in health
research: a relational approach. Soc Sci Med.
2007;65(9):1825-1838. https://doi.org/10.1016/j.
socscimed.2007.05.036

Urban Institute. Neighborhood disparities in
investment flows in Chicago. Available at: https://
www.urban.org/research/publication/neighbor
hood-disparities-investment-flows-chicago.
Accessed September 28, 2020.

Corley C. Chicago tackles COVID-19 disparities in
hard-hit Black and Latino neighborhoods. Avail-
able at: https://www.npr.org/2020/06/09/
869074151/chicago-tackles-covid-19-disparities-
in-hard-hit-black-and-latino-neighborhoods.
Accessed May 25, 2021.

Cohn D, Passel JS. Record 64 million Americans
live in multigenerational households. Available at:
https://www.pewresearch.org/fact-tank/2018/04/
05/a-record-64-million-americans-live-in-multi
generational-households. Accessed January 31,
2021.

Peer Reviewed  Asaboretal.

28.

29.

30.

31.

32

33.

34.

35.

Nguyen LH, Drew DA, Graham MS, et al. Risk of
COVID-19 among front-line health-care workers
and the general community: a prospective
cohort study. Lancet Public Health. 2020;5(9):
e475-e483. https://doi.org/10.1016/S2468-
2667(20)30164-X

Saloner B, Parish K, Ward JA, Dilaura G, Dolovich
S. COVID-19 cases and deaths in federal and
state prisons. JAMA. 2020,;324(6):602-603.
https://doi.org/10.1001/jama.2020.12528

Erfani P, Uppal N, Lee CH, Mishori R, Peeler KR.
COVID-19 testing and cases in immigration
detention centers, April-August 2020. JAMA.
2020;325(2):182-184. https://doi.org/10.1001/
jama.2020.21473

Cholera R, Falusi OO, Linton JM. Sheltering in
place in a xenophobic climate: COVID-19 and
children in immigrant families. Pediatrics.
2020;146(1):220201094. https://doi.org/10.1542/
peds.2020-1094

Marley TZ. Segregation, reservations, and Ameri-
can Indian health. Wicazo Sa Rev. 2018;33(2):
49-61. https://doi.org/10.5749/wicazosareview.
33.2.0049

Schwartz-Weinstein Z. Beneath the university:
service workers and the university-hospital city,
1964-1980. 2015. Available at: https://search.
proquest.com/docview/1753117696?pg-origsite
=gscholar&fromopenview=true. Accessed April
22,2021.

Schmidt H, Gostin LO, Williams MA. Is it lawful
and ethical to prioritize racial minorities for
COVID-19 vaccines? JAMA. 2020;324(20):
2023-2024. https://doi.org/10.1001/jama.2020.
20571

Releford BJ, Frencher SK, Yancey AK. Health pro-
motion in barbershops: balancing outreach and
research in African American communities. Ethn
Dis. 2010;20(2):185-188. https://doi.org/10.
13016/wten-vme?7

Public Health CareerMart

ﬂi
|
job site for

Public Health
Professionals

Career Coaching: Work with one of our
experienced and certified coaches to better manage,
plan, and develop your career goals.

Résumé Writing: Take advantage of professional
résumé writing for all professional levels.

Résumé Critiques: Our expert résumé writer
provides helpful feedback.

Career Tips: Search by career stages or services
you need using keywords or phrases.

Salary and Benefits: Negotiation techniques and
salary analysis. Learn how to negotiate effectively
and confidently for a job offer or raise!

Reference Checking/Employment
Verification: Identify questionable references
before they talk to prospective employers.

Social Networking/Profile Development:
Make the right connections and open up job
opportunities you never knew existed.

You can find it all here:
careers.apha.org/jobseekers/resources/



https://doi.org/10.1016/j.socscimed.2019.112570
https://doi.org/10.1016/j.socscimed.2019.112570
https://s4.ad.brown.edu/projects/diversity/SegSorting/Default.aspx
https://s4.ad.brown.edu/projects/diversity/SegSorting/Default.aspx
https://s4.ad.brown.edu/projects/diversity/SegSorting/Default.aspx
https://www.census.gov/data/datasets/time-series/demo/popest/2010s-total-cities-and-towns.html
https://www.census.gov/data/datasets/time-series/demo/popest/2010s-total-cities-and-towns.html
https://www.census.gov/data/datasets/time-series/demo/popest/2010s-total-cities-and-towns.html
https://doi.org/10.2105/AJPH.2020.305656
https://doi.org/10.2105/AJPH.2020.305656
https://doi.org/10.18637/jss.v055.i13
https://doi.org/10.18637/jss.v055.i13
https://doi.org/10.1007/978-1-4612-1284-3_4
https://doi.org/10.1007/978-1-4612-1284-3_4
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://doi.org/10.1007/s11606-021-06601-2
https://doi.org/10.1007/s11606-021-06601-2
https://doi.org/10.1097/EDE.0000000000000105
https://doi.org/10.1097/EDE.0000000000000105
https://doi.org/10.1111/1475-6773.13558
https://doi.org/10.1016/j.socscimed.2007.05.036
https://doi.org/10.1016/j.socscimed.2007.05.036
https://www.urban.org/research/publication/neighborhood-disparities-investment-flows-chicago
https://www.urban.org/research/publication/neighborhood-disparities-investment-flows-chicago
https://www.urban.org/research/publication/neighborhood-disparities-investment-flows-chicago
https://www.npr.org/2020/06/09/869074151/chicago-tackles-covid-19-disparities-in-hard-hit-black-and-latino-neighborhoods
https://www.npr.org/2020/06/09/869074151/chicago-tackles-covid-19-disparities-in-hard-hit-black-and-latino-neighborhoods
https://www.npr.org/2020/06/09/869074151/chicago-tackles-covid-19-disparities-in-hard-hit-black-and-latino-neighborhoods
https://www.pewresearch.org/fact-tank/2018/04/05/a-record-64-million-americans-live-in-multigenerational-households
https://www.pewresearch.org/fact-tank/2018/04/05/a-record-64-million-americans-live-in-multigenerational-households
https://www.pewresearch.org/fact-tank/2018/04/05/a-record-64-million-americans-live-in-multigenerational-households
https://doi.org/10.1016/S2468-2667(20)30164-X
https://doi.org/10.1016/S2468-2667(20)30164-X
https://doi.org/10.1001/jama.2020.12528
https://doi.org/10.1001/jama.2020.21473
https://doi.org/10.1001/jama.2020.21473
https://doi.org/10.1542/peds.2020-1094
https://doi.org/10.1542/peds.2020-1094
https://doi.org/10.5749/wicazosareview.33.2.0049
https://doi.org/10.5749/wicazosareview.33.2.0049
https://search.proquest.com/docview/1753117696?pq-origsite&hx003D;gscholar&hx0026;fromopenview&hx003D;true
https://search.proquest.com/docview/1753117696?pq-origsite&hx003D;gscholar&hx0026;fromopenview&hx003D;true
https://search.proquest.com/docview/1753117696?pq-origsite&hx003D;gscholar&hx0026;fromopenview&hx003D;true
https://doi.org/10.1001/jama.2020.20571
https://doi.org/10.1001/jama.2020.20571
https://doi.org/10.13016/wten-vme7
https://doi.org/10.13016/wten-vme7

	TF1
	TF2
	TF2a
	TF3

