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Abstract

Early COVID-19 pandemic data suggested racial/ethnic minority and low-income earning people bore the greatest burden
of infection. Structural racism, the reinforcement of racial and ethnic discrimination via policy, provides a framework for
understanding disparities in health outcomes like COVID-19 infection. Residential racial and economic segregation is one
indicator of structural racism. Little attention has been paid to the relationship of infection to relative overall concentra-
tions of risk (i.e., segregation of the most privileged from the most disadvantaged). We used ordinary least squares and
geographically weighted regression models to evaluate the relationship between racial and economic segregation, measured
by the Index of Concentration at the Extremes, and COVID-19 cases in Louisiana. We found a significant global association
between racial segregation and cumulative COVID-19 case rate in Louisiana and variation across the state during the study
period. The northwest and central regions exhibited a strong negative relationship indicating greater risk in areas with high
concentrations of Black residents. On the other hand, the southeastern part of the state exhibited more neutral or positive
relationships indicating greater risk in areas with high concentrations of White residents. Our findings that the relationship
between racial segregation and COVID-19 cases varied within a state further support evidence that social and political
determinants, not biological, drive racial disparities. Small area measures and measures of polarization provide localized
information better suited to tailoring public health policy according to the dynamics of communities at the census tract level,
which may lead to better health outcomes.

Keywords Residential segregation - COVID-19 - Built environment - Structural racism - Geographic weighted regression -
Louisiana

Soon after the SARS-CoV-2 virus entered the USA in the
early 2020, disparities in frequency and severity of COVID-
19 cases became apparent. Racial/ethnic minorities, particu-
larly Black individuals, and people with low income bore the
greatest burden of positive cases [40, 61, 96, 120] and deaths
[93]. In a national study of veterans, Black veterans tested
positive for COVID-19 at a rate of 16.4/1000 tests, nearly
double the rate of White veterans [93]. Early evidence sug-
gested COVID-19 advanced quicker through Black commu-
nities—90% of disproportionately Black counties reported
a case, compared to 81% of all other counties at the time
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[85]. Examining localized geographies rendered these dis-
parities even more dramatic. By April, Louisiana’s Black
residents comprised 70.0% of COVID-19 deaths, yet 32.8%
of its population [27].

Structural racism, the reinforcement of racial/ethnic dis-
crimination through policies that result in unequal opportu-
nities or outcomes [7], provides a framework for understand-
ing disparities in health like COVID-19 infection. Racial
residential segregation, one indicator of structural racism
given its link to policy decisions, is strongly associated with
health disparities [2, 23, 36, 107, 116]. Examination of the
role of the built environment, features of places in which
people live and work, using area-based social measures
([ABSM]; e.g., neighborhood income, deprivation found
several factors associated with COVID-19 cases, both
demographic—racial composition [1, 69, 75, 96], poverty
[1, 69],C. [122], and population density [1, 69, 75, 111,
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114],C. [122]—and environmental, housing [69, 75, 96],
transportation [69], and low air quality [96].

Built environment factors can be considered discretely;
however, people considered disadvantaged according to one
ABSM are often disadvantaged across multiple, suggesting
that risk is multifaceted. Despite this, there has been little
focus on infection as related to relative concentrations of
risk (i.e., segregation of most advantaged from most dis-
advantaged). An exception, Chen and Krieger [24] found a
positive association between COVID-19 deaths and Black
low-income populations. This study is distinct because it
uses the Index of Concentration at the Extremes (ICE), a
segregation measure, to understand risk of COVID-19 death
across spectrums of advantage [24]. It did not, however, con-
sider spatial correlation. One other study using ICE found
significant correlations between race/ethnicity and economic
segregation and COVID-19 cases,however, analysis was at
the county, not neighborhood, level and did not account for
spatial correlation [17]. To better understand the role of con-
centrated risk, we examine the relationship between racial
and economic segregation and COVID-19 cases in Louisi-
ana, a state known for high racial and economic inequality
and segregation [4, 42].

Structural Racism and Segregation

Efforts to suppress the social and economic mobility of
racial/ethnic minorities render it difficult to disentangle
the separate effects of discrimination by race/ethnicity and
socio-economic status [54]. Reinforcement of racial and
ethnic discrimination by implementing policies resultant in
unequal opportunities or outcomes, structural racism, occurs
across sectors, i.e., housing, education, and health care [7,
37, 90]. Structural racism describes one aspect of systemic
racism, a comprehensive theory integrating all racialized
dimensions of society—the interlinking of racial discrimina-
tion, frames, hierarchies, institutions, and structural inequi-
ties [15, 30, 31]. It focuses on institutions and policies tied
to inequitable outcomes [56, 57]. This structural focus on
interlocking legal, political, and social mechanisms is key
to understanding inequities in health.

Residential racial segregation, one indicator of structural
racism [7], is linked to health disparities [2, 23, 36, 107,
116]. In the USA, housing policy has explicitly and implic-
itly mandated residential racial segregation. Since formal
slavery ended, mechanisms of segregation have taken differ-
ent forms, evolving from explicit policy under the “separate
but equal” doctrine of Plessy vs. Ferguson (163 U.S. 537
1896) to redlining, a practice wherein lenders outlined com-
munities considered high risk for loans, disproportionately
poor and Black, in red on maps leading to systematic denial
of mortgages [46]. Black veterans of World War II also faced
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barriers to GI Bill benefits—low-interest mortgages [118]—
as white-owned financial institutions enabled loan denials
[82], exacerbating Black-White wealth and homeownership
gaps [45].

In tandem, White families began moving from cities to
suburban communities [34]. This exodus, known as white
flight, led to decreased city tax revenue and incentivized
disinvestment in infrastructure, contributing to abandoned
properties, crime, and urban decay [34, 106]. Although the
1968 Fair Housing Act prohibited racial housing discrimi-
nation and thus legal redlining [92], evidence links lending
discrimination to poor health outcomes [72]. Contempora-
neously, investors and political actors capitalize on urban
decay by purchasing and renovating structures at low cost to
rent or sell at higher prices, a process termed gentrification
[43]. White middle and upper-middle-class families move in,
displacing Black and low-income residents [6, 38].

In Louisiana, slavery was replaced by sharecropping,
an agricultural system wherein White landowners rented
farmland to formerly enslaved people at high rates, further
entrenching race and income inequalities [26]. In urban
Louisiana, segregated housing projects were developed to
house both Black and White residents with few economic
resources; however, they soon became concentrated with
Black residents [103]. Today, Black and low-income resi-
dents in Louisiana disproportionately live near chemical
plants and oil refineries [53]. According to the Environmen-
tal Protection Agency, residents of northern and southwest-
ern regions face higher exposure to air pollutants (e.g., parti-
cle matter (PM)) and risk for respiratory and immunological
hazards [105], even though oil refineries are concentrated in
southeastern Louisiana [44]. In southeastern Louisiana, an
85-mile stretch of predominately Black parishes between
Baton Rouge and New Orleans houses over 150 factories.
Higher rates of cancer, diabetes, heart problems, and asthma
have been found there as compared to any other region, earn-
ing it the name “Cancer Alley” [102, 105]. Dioxin exposure
has led to health issues so severe that at least one community
has brought a case against the USA to the Inter-American
Commission on Human Rights [47]. Southern Louisiana,
home to the majority Black (59.5%) city of New Orleans
(US [108], is also experiencing “climate gentrification,”
increased investment in neighborhoods at higher elevations,
and displacement of their residents [6]. Black residents liv-
ing at higher elevations decreased in number, from 67.26%
in 2000 to 59.58% in 2010, and, since Hurricane Katrina in
2005, have been increasingly displaced to New Orleans East,
a lower elevation area with fewer hospitals, healthy food, and
transit options, and increased crime rates [48].
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Built Environment, Residential Segregation,
and Health

Structural racism manifests in the built environment, affecting
the health outcomes of residents [28, 116]. The built environ-
ment structures access to both salubrious (e.g., public services,
education, and employment) and detrimental (e.g., polluting
industries, alcohol and food outlets) institutions [28]. Air pol-
lutants (e.g., dioxins, particle matter (PM), and polycyclic aro-
matic hydrocarbons (PAHs)) are associated with health condi-
tions, including diabetes, pulmonary disease, lung cancer, and
asthma [74]. Emerging epigenetic research links PM and PAHs
in the built environment to alterations in gene expression that
affect health [14, 16].

One indicator measuring structural racism is residential
segregation, the degree to which two or more social groups
(e.g., race/ethnic, economic) live geographically separated
[78, 116]. Residential racial segregation, particularly White
from Black neighborhoods, is associated with income and
wealth disparities [116], overconcentration of payday lenders
[41], alcohol outlets [13, 97], and fast-food restaurants [13,
66], as well as limited healthy food options [33] and dispro-
portionately high air pollution [117]. Segregation has also
been linked to health disparities like preterm births [3, 8] and
infant mortality [49]. Several indicators have been developed
to measure segregation: exposure measures the degree of inter-
action, centralization the degree of centralization, clustering
the extent of accumulation, concentration the relative amount
of space occupied, and evenness of geographic distributions
[78]. Dissimilarity, an evenness measure common in public
health research, estimates proportional differences between
unevenly distributed groups [78].

Distinct as it accounts for both ends of the spectrum (i.e.,
most and least advantaged) in a single measure, the Index of
Concentration at the Extremes (ICE) measures spatial con-
centration [77]. ICE produced stronger associations than the
dissimilarity index (3.96 vs. 0.93, respectively) in an analysis
of assault type (e.g., fatal, non-fatal) and residential segrega-
tion [63]. ICE has been employed to examine relationships
between social polarity and health outcomes, including hyper-
tension [32], preterm births [22, 49, 98], infant mortality [11,
22, 49, 112], mortality (e.g., child, premature, and disease-
specific,[64, 65], and pregnancy-associated mortality [29].
Additionally, two studies using ICE to access county-level
COVID-19 mortality rates found it produced the strongest
positive relationships in comparison to other indicators of
structural racism [99, 100].

COVID-19, Race, and Income

Aligning with national chronic and respiratory health
trends [21], COVID-19 has been found to disproportion-
ately affect Black and low-income communities [1, 75].
“Non-white” communities suffer COVID-19 death rates
nearly five times greater than White communities [24].
Predominately Black counties shoulder some of the high-
est case and death rates [85], and, of the 353 counties
studied, Siegel and colleagues [100] found that 93% expe-
rienced a higher COVID-19 death rate among their Black
as compared to their White population. Risk of severe
COVID-19 complications is 19% greater for non-elderly
lower income (less than $15,000 annually) compared to
higher income ($50,000 or greater annually) households
[61]. Black, immigrant, less-educated, and low-wage
workers are disproportionally employed in “frontline”
positions, those essential to economic and health opera-
tions requiring in-person labor [12, 123] increasing risk
of COVID-19 exposure, infection [94], and death [95].

Efforts to understand relationships between COVID-19
case rates, race/ethnicity, and income uncovered comor-
bidities and associations with environmental factors. Peo-
ple living in high-poverty neighborhoods are more likely
to lack access to medical and public services [36] and
develop chronic conditions [80]. Such conditions, specifi-
cally hypertension, diabetes, and pulmonary and cardio-
vascular diseases, are associated with severe COVID-19
infection [91, 124]. Environmental stressors like PM are
also associated with severe COVID-19 symptoms and
deaths in Black residents [85] and a 15% higher rate of
COVID-19 deaths [119]. Factors related to chronic con-
ditions and adverse COVID-19 outcomes vary regionally
[55, 101]. Black (58%) and low-income people (38%)
disproportionately reside in southern states [59], where
residents are more likely to be uninsured and have poorer
health [5]. A preliminary descriptive analysis found that
African Americans across four southern states (Louisi-
ana, Mississippi, Alabama, Georgia) averaged 54% of all
COVID-19 deaths, despite comprising 32% of the popula-
tion [9].

Geographic patterns in comorbidities and environmen-
tal factors related to COVID-19 severity and case rates
raise questions about the relationship between the built
environment and COVID-19 risk. Studies employing area-
based social measures (ABSMs) have identified several
factors associated with infection, both demographic—
racial composition, poverty, population density—and
environmental, housing, transportation, pollution [1, 69,
75,96, 111, 114, 122]. Studies assessing risk using small-
area average and composite (e.g., social vulnerability)
measures found associations with COVID-19 cases [25,
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60, 88]. One analysis utilizing the dissimilarity index and
Gini coefficient found faster COVID-19 case and mortality
growth rates in cities with high Black-White or Hispanic-
White segregation and income inequality [121].

By August 2021, Louisiana had 12,096 COVID-19 cases
and 239 deaths per 100,000 residents, exceeding national
rates of 10,660 cases and 184 deaths [19]. Racial disparities
in death rate decreased yet remain moderately dispropor-
tionate, Black residents comprise 36.40% of deaths [68].
An analysis of Louisiana air quality connected higher PM
exposure with greater shares of Black residents and COVID-
19 deaths [105]. Using the area deprivation Index (17 indi-
cators like education, employment, housing), areas of high
deprivation have a 40% greater risk of COVID-19 cases [73].
An analysis using the Social Vulnerability Index (15 indica-
tors measuring four themes) found racial minority status and
language the strongest predictor of cases [10].

Although ABSMs have identified associations with
COVID-19 infection, studies have yet to account for spatial
variation or examine concentrations of risk. We thus aimed
to further clarify the relationship between environment and
COVID-19 risk using the Index of Concentration at the
Extremes (ICE) and accounting for spatial variation to exam-
ine the relationship between case rate and concentrations of
race and income. We limited our analysis to Louisiana prior
to vaccine availability to minimize possible confounding by
variation in state COVID-19 reporting policies and behavior
changes post vaccine arrival.

Methods

We linked administrative data from the Louisiana Depart-
ment of Health (LDH) to population estimates to examine
the relationship between COVID-19 case rate and three
measures of residential segregation: racial, economic, and
racial-economic. To assess global association, we first
conducted ordinary least squares (OLS) regression. We
then conducted geographic weighted regression (GWR) to
account for spatially varying relationships.

Data

Administrative data on COVID-19 cases in Louisiana at the
census tract level was obtained from LDH weekly reports on
COVID-19 test and case numbers by census tract compiled
in a publicly available dataset [67]. We linked this to the US
Census Bureau’s nationally representative American Com-
munity Survey (ACS) 5-year estimates (2018) using shape-
files with select demographic (race/ethnicity, population)
and economic (income, poverty) indicators [109]. The study
period spans the pandemic, from February 27—before Loui-
siana’s first case—to December 2, 2020, the week vaccines

@ Springer

first arrived in the USA [20]. Census tracts with popula-
tions less than 800 (n=19) and without socio-economic data
(n=23) were excluded. The final dataset contained 1114 cen-
sus tracts with complete information.

COVID-19 Case Rate

COVID-19 case rate was constructed as the cumulative num-
ber of cases in a tract during the study period divided by
the total tract population (in thousands). The case rate was
assumed to follow a log-normal distribution; thus, the out-
come was log-transformed. Cumulative case rate by census
tract is shown in Fig. 1.

Racial and Economic Segregation

We measured residential racial and economic segregation
using the Index of Concentration at the Extremes (/CE), an
indicator of spatial social polarization [65, 76]. ICE reveals
the extent of concentration at the extremes of deprivation
and privilege within a geographic area, in this case the cen-
sus tract. A value of — 1 describes an area where 100% of
the population is in the most disadvantaged group, a value
of + 1 describes an area where 100% of the population is
in the most privileged group. ICE is calculated as follows:

ICE, = Ai—P) /T,-

Per census tract i, A, is number privileged persons, P, is
number disadvantaged persons, and 7; is total population
with information on indicator (e.g., race, income) assessed
[65]. We constructed three indices, one, a racial index
(ICEg4cp; two, an economic index (ICEgqy); and three,
a racialized economic index (ICEg,crpcon)- ICERacr S€ts
privileged/disadvantage extremes as the number of non-
Hispanic White and non-Hispanic Black residents, respec-
tively. ICEgy sets the extremes as the ACS categories
most closely approximating cut points for 20th and 80th
household annual income percentiles (more than $125,000
and less than $25,000). Finally, ICEg,cgrcon SEt extreme
privilege as non-Hispanic White persons with income equal
or greater than $125,000, and extreme disadvantage as non-
Hispanic Black persons with income below $25,000.

Analysis

Separately for each ICE indice, we first conducted OLS
regression to examine the extent to which segregation pre-
dicts COVID-19 case rate. Spatial autocorrelation in OLS
models was assessed by Global Moran’s / of the standardized
residuals. We then conducted geographic weighted regres-
sion (GWR) to account for spatially varying relationships.
OLS model results were reported as regression coefficients,
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Fig.1 COVID-19 case rate by
census tract

standard errors, and p values. GWR model results were visu-
alized using quantile maps of the coefficients. Model perfor-
mance was evaluated by adjusted R? and Akaike’s informa-
tion criterion (AICc). ESRI ArcMap software version 10.8.1
was used for analyses and map construction.

The degree to which COVID-19 case rates truly reflect
population infection rates depends upon adequate testing.
Areas with high test positivity may underestimate the true
population infection rate when compared to areas with low
test positivity. Thus, we conducted a sensitivity analysis of
case rate conditioned on test positivity, analyzing differences
in observed and expected case rate given tract test positiv-
ity. Results from the sensitivity analysis are presented as
Appendix Table 4.

Results

The study included 4.6 million residents, 31.9% Black or
African American and 19.4% living below the federal pov-
erty threshold. Over the study period, there were a total of
210,194 confirmed COVID-19 cases in Louisiana, a total
case rate of 4.519 per 1000 residents (Table 1). Overall, test-
ing per capita was 0.68. At the census tract level, the case

CaseDensity
[ Jooo-003
[ 0.04
I 005
I 006-005
I 006-020

Table1 COVID-19 cases and demographic estimates, Louisiana
Overall and Census Tract (n=1114)

Tract summary

Louisiana Median Range

Overall (Min-Max)
Population (N) 4,650,917 3,676 (816-18,524)
Cases (N) 210,194 164 (8-1,088)
Case rate (per 1000) 0.045 0.043 (0.002-0.200)
Tests (N) 3,179,522 2,320 (102-47,237)
Test rate (per capita) 0.68 0.623 (0.042-11.287)
Black population (%) 31.90 27.45 (0-99.8)
Poverty (%) 19.36 18.6 (1.3-72.0)
ICE indices
Racial 0.270 0.34 (-=1.0t0 0.99)
Economic —-0.053 -—0.20 (—=0.81t00.64)
Racial and economic -0.007 -0.01 (=0.39t0 0.23)

rate ranged from 2 to 200 per 1000 residents, with a median
rate of 43. Tests at the census tract level over the same period
ranged from 102 to 47,237 (median 2320) with a per capita
testing rate of 0.623. Overall, Louisiana ICEg, -, was 0.270
with a census tract median of 0.340, ICEgqoy was —0.053
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Table 2 Ordinary least squares

. Racial segregation
regression results (n=1114)

Economic segregation Racial-economic segregation

Estimate SE pvalue  Estimate SE pvalue  Estimate SE p value
Intercept  —3.144  0.011 <0.001 -3.151 0014 <0001 -3.157 0.011 <0.001
ICE -0.044 0.018 0.015 0.006 0.046 0.892 -0.182  0.114 0.109
Adj R? 0.004 —0.001 0.001
AlICc 858.769 864.634 862.084
Moran’s/  0.136 <0.001 0.122 <0.001 0.130 <0.001

Table 3 Geographically weighted regression results (n=1114)

Racial segregation Economic Racial-
segregation economic
segregation
Adj R 0.241 0.233 0.238
AlCc 584.083 595.629 588.810

with a census tract median of —0.200, and ICEy,grcon
was —0.007 with a census tract median of —0.010.

OLS models, shown in Table 2, indicated a significant
global association between COVID-19 case rates and
ICEg,cr (p=0.015), areas with greater concentrations of
Black residents had higher case rates. However, the adjusted
R? was 0.004, indicating that the global association only
explained 0.4% of the variation. Significant spatial autocor-
relation was present in all OLS models (all p <0.001) sug-
gesting geography played a significant role in the variance
in COVID-19 case rate, not unexpected given the airborne
mechanism of virus transmission.

Accounting for spatial autocorrelation with GWR models
(Table 3) exhibited better model fit compared to OLS mod-
els. Overall, the GWR model of the relationship between
COVID-19 case rates and ICEg, exhibited the best fit

Fig.2 Racial segregation on
COVID-19 case rate

(AICc =584.08). This model explained approximately
24.1% of variation in COVID-19 case rates.

The map of ICEg,r from the GWR model is shown in
Fig. 2. The ICEg,f index is represented on a continuum,
from the brightest red indicating a strong negative relation-
ship between ICEy, - and COVID-19 cases (i.e., high con-
centrations of black residents and COVID-19 incidence),
the brightest blue indicating a strong positive relationship
between ICEg,; and COVID-19 cases (i.e., high concen-
trations of white residents and COVID-19 incidence), and
yellow representing areas where there was no relationship
between racial segregation and COVID-19 case rate. The
variation in this relationship across the state is notable. The
northwest and central parts of the state exhibited a strong
negative (red) relationship between ICE, - and cases, indi-
cating greater risk for COVID-19 infection in areas with high
concentrations of Black residents. In contrast, the southeast-
ern part of the state exhibited more neutral (yellow) or posi-
tive (blue) relationships between ICEy,r and COVID-19
cases, indicating areas with no relationship ranging to those
where a greater risk for COVID-19 infection was found in
areas with high concentrations of White residents.

As census tracts are typically smaller and denser in metro-
politan areas, Fig. 3 maps ICEg, - for the 5 major metropoli-
tan areas: Baton Rouge, Lafayette, Lake Charles, New Orleans,

GWR case density
ICErace

I 009-081
[ 0.03-0.08

[ ]003-002
I 0.12--0.04

Il 055-013 Local R2
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Fig. 3 Racial segregation on
COVID-19 case rate, major
urban areas a. Baton Rouge, b.
Lafayette, c. Lake Charles, d.
New Orleans, e. Shreveport

a. Baton Rouge, b. Lafayette, c. Lake Charles, d. New Orleans, e. Shreveport

GWR case density
ICErace

I 0.09-0.381

[ ] o003-008

[ ]-003-0.02

[ ] -012--004
B o55--013

and Shreveport. In the New Orleans area, there was a posi-
tive relationship between ICEy, - and COVID-19 cases. The
Baton Rouge area also exhibited positive or neutral relation-
ships. In contrast, we observed negative relationships between
ICEy, - and cases in Lafayette, Lake Charles, and Shreveport,
located in the northwestern and central regions. In Lafayette
and Shreveport, the strongest negative relationship was just
outside the metropolitan core.

The GWR models examining the relationship between
COVID-19 cases and ICEg oy, and ICEg cgpcon had slightly
smaller adjusted R? values (0.238 and 0.233), indicating
slightly poorer fit than that of the /CEy,; model (Table 3).
Trends in the variation of the relationship between the indices
and COVID-19 cases across the state were similar, negative
in the northwest and central regions, and neutral or positive
relationships in the southwest and southeast regions (Figs. 4
and 5).

Discussion

We found a significant global association between resi-
dential racial segregation and cumulative COVID-19
case rate in Louisiana. This relationship varied across
the state. These state-level findings are consistent with
recent research, including one national study that found
significant association between residential segregation
and COVID-19 outcomes [24], and other national stud-
ies focusing on concentration (rather than segregation) of
Black and Hispanic residents and income inequality [35,
70, 104]. However, one longitudinal study found the rela-
tionship between income inequality and COVID-19 cases
weakened over time, suggesting inequality may be strong-
est before the virus becomes pervasive [104].
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Fig.4 Economic segregation on
COVID-19 case rates

Fig.5 Racial and economic
segregation on COVID-19 case
rates

These prior studies observed county-level case rates,
which can introduce bias [83], and did not control for
geographically varying relationships. Our findings fur-
ther clarify the relationships between race and income and
COVID-19 in two ways. First, we examined small-area
residential segregation measured by ICE [65, 78] rather
than share of disadvantaged residents. Second, we con-
ducted GWR to account for geographic variation. COVID-
19 case rate was associated with high concentrations of
Black/African American residents in central and north-
ern regions and rural Louisiana. In contrast, cumulative
COVID-19 case rate in southeastern Louisiana had either
no association with racial segregation or positive associa-
tion with a high concentration of White residents (Fig. 2).
This counters spatial studies that reported strong local
relationships between COVID-19 and social determinants,
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including race, in the southeast early in the pandemic [60,
87].

Three factors may explain this lack of a cumulative asso-
ciation, separately or in combination. The southeast region
includes the two largest metropolitan areas (New Orleans
and Baton Rouge). One possibility is that racial disparities
in COVID-19 may be most pronounced initially and level
off as the virus spreads [51, 87, 104]. A second possibility
is that testing and prevention strategies targeting vulnerable
populations early in the pandemic effectively reduced racial
disparities in this region over time [89]. The greater New
Orleans area, one of the earliest and most intense COVID-19
hotspots [52], was one of four cities selected for a federal
“community testing” pilot program beginning March 20,
2020 [18, 113]. Baton Rouge followed, the federal govern-
ment announcing it would be one of three surge testing sites
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(the others in Florida and Texas) from July 7 to 18, 2020 [71,
110]. Concentrated testing did not occur throughout the rest
of Louisiana until testing became widely available.

A third possible explanation considers the increasing
politicization of COVID-19 prevention measures. In a new
working paper analyzing the Delta variant surge period,
Krieger and colleagues [62] demonstrated that political lean
(Republican vs. Democrat in 2020 presidential election) was
one of two county-level variables most sharply differentiat-
ing COVID-19 risk and mortality. Political lean combined
with racialized economic segregation (measured by ICE)
had the greatest association with both risk and death [62].
Another national study found state-level policy decisions
like ACA and Medicaid expansion, but not political char-
acteristics (e.g., governor’s party, voting behavior), asso-
ciated with lower COVID-19 rates [70]. The strong early
relationship between race and COVID-19 cases shifted as
the virus spread and as Black, Native, and Hispanic commu-
nities were targeted by community testing [39] and vaccina-
tion campaigns [115]. Simultaneously, anti-vaccination and
anti-prevention sentiment increased among predominantly
Republican and White communities [58, 84, 86]. The rela-
tionship of combined racial segregation and county-level
political lean to COVID-19, or similarly politicized public
health issues, could warrant further investigation. These spa-
tial patterns in COVID-19 case rate at the census tract level
suggest messaging in vaccine campaigns nuanced to local
(rather than state) level perspectives may improve uptake.

Though our findings suggest clear associations between
racial and economic segregation and cumulative COVID-
19 case rate, they should be considered in the context of
certain limitations. As an observational study, associations
ought not be interpreted as causal. In other words, neither
race nor income is determinative of COVID-19 incidence.
A key contribution of our study is the geographic scale of
analysis. Focusing on COVID-19 case rate and segregation
at the census tract-level illuminated local patterns; however,
analytical tradeoffs were required. The small size of some
census tracts translates to a higher potential that individuals
could be identified; thus, LDH does not make COVID-19
data disaggregated by demographics (e.g., age, race/ethnic-
ity) and other outcomes (e.g., hospitalization, mortality)
publicly available at the census tract level. Given our inter-
est in local variation and the few studies that disaggregate
at a scale smaller than county-level, we prioritized census
tract—level analysis. This also limited our ability to model
the results using direct standardized age- or race-adjusted
rates at the census tract-level. As prior studies have found
that age-standardization produced a wider Black-White dis-
parity in COVID-19 mortality at the state level, our esti-
mates of the gap may be conservative [99, 100].

Additionally, the analysis was unadjusted for popula-
tion density and rurality, as these factors are not assumed

to be independent of residential segregation. The extremes
of racial segregation tend to occur in densely populated
metropolitan areas, a phenomenon described as “hyperseg-
regation” [79, 81]. Future analysis could explore potential
mediating or moderating effects of these factors. Finally, the
current study does not account for temporal or longitudinal
trends. Time or time-sensitive variables (e.g., rate of com-
munity spread, testing capacity/strategy, public health poli-
cies) may modify the effect of segregation on infection rates.

Nevertheless, our findings that the relationship between
racial segregation and COVID-19 cases varies geographi-
cally within a state further support evidence that social and
political determinants, not biological, drive racial dispari-
ties. Small area and polarization measures provide localized
information better suited to tailoring public health policy.
Also, emerging evidence suggests that narrowly tailored
community testimony/messaging is an effective strategy
to increase vaccine uptake [50]. Recognizing the role of
inequality, targeted testing, vaccination, and other public
health efforts aligned with community dynamics—racial,
economic, and political—at the census tract level may pro-
duce better health outcomes.

Appendix

Table 4

Table 4 Case positivity analysis

OLS GWR

Estimate SE p value Estimate
Racial Segregation
Intercept 0.029 0.031 0.352
ICE —0.158 0.051 0.002
Adj R? 0.008 0.237
AlCc 3155.90 2890.92
Moran’s / 0.100
Economic segregation
Intercept 0.003 0.038 0.947
ICE 0.014 0.128 0914
Adj R —0.001 0.227
AlCc 3165.40 2904.49
Moran’s 1 0.089
Racial-economic segregation
Intercept —0.015 0.031 0.634
ICE —0.634 0.319 0.047
Adj R? 0.003 0.233
AlCc 3161.47 2896.302
Moran’s / 0.096
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