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Abstract

Background: In 2020, early U.S. COVID-19 testing sites offered diagnostic capac-
ity to patients and were important sources of epidemiological data about the spread of
the novel pandemic disease. However, little research has comprehensively described
American testing sites’ distribution by race/ethnicity and sought to identify any rela-
tion to known disparities in COVID-19 outcomes.

Methods: Locations of U.S. COVID-19 testing sites were gathered from 16 April to
28 May 2020. Geographic testing disparities were evaluated with comparisons of the
demographic makeup of zip codes around each testing site versus Monte Carlo simu-
lations, aggregated to statewide and nationwide levels. State testing disparities were
compared with statewide disparities in mortality observed one to 3 weeks later using
multivariable regression, controlling for confounding disparities and characteristics.
Results: Nationwide, COVID-19 testing sites geographically overrepresented White
residents on 7 May, underrepresented Hispanic residents on 16 April, 7 May and 28
May and overrepresented Black residents on 28 May compared with random distri-
bution within counties, with new sites added over time exhibiting inconsistent dis-
parities for Black and Hispanic populations. For every 1 percentage point increase
in underrepresentation of Hispanic populations in zip codes with testing, mortal-
ity among the state's Hispanic population was 1.04 percentage points more over-
representative (SE = 0.415, p = .01).

Conclusions: American testing sites were not distributed equitably by race during
this analysis, often underrepresenting minority populations who bear a dispropor-
tionate burden of COVID-19 cases and deaths. With an easy-to-implement measure
of geographic disparity, these results provide empirical support for the consideration

of access when distributing preventive resources.

Abbreviation: SE  standard error
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1 | INTRODUCTION

As of 16 May 2021, the COVID-19 pandemic has taken the
lives of more than five hundred thousand Americans. In
the United States, the disease has had an outsized impact on
Black and Hispanic populations and in geographic areas with
more Black and Hispanic residents.””®

In the COVID-19 pandemic, diagnostic testing is a cen-
tral tool of controlling outbreaks because it provides infor-
mation about individual and community spread.7’9 However,
analyses of New York City, Philadelphia and Chicago have
shown that early in the outbreak, disadvantaged commu-
nities had lower incidence of testing, and those same areas
continued to have higher test positivity rates.'%1? The geo-
graphic distribution of preventive resources is of particular
concern. Limitations to transportation already mean that mil-
lions of American adults cannot obtain medical care every
year, disproportionately affecting minority populations.13
Additionally, unequal distribution of healthcare resources
means that minority neighbourhoods often have fewer clinics
and providers, and the initial placement of COVID-19 testing
sites was concentrated in this existing health infrastructure,
possibly compounding disparities.m’]5 Nationwide analysis
has shown that travel time from a county to a COVID-19
testing facility increases with the proportion of residents of
colour in the county.16

In previous pandemics, inequities in access to health
care have been related to disparities in outcomes, especially
in Hispanic populations in the United States.'” Testing ac-
cess might be related to disease outcomes if more accessible
testing means earlier or more consistent detection, leading
to better self-isolation and earlier presentation for care.””
Simply, testing arms individuals and communities with infor-
mation, which they can use to reduce untreated disease and
unmitigated spread. In Massachusetts, testing site accessi-
bility, based on driving time, was negatively associated with
COVID-19 incidence, although such an effect has not been
further generalized.18 If testing access was in fact instrumen-
tal to reducing incidence, it is important to understand the
performance of localities in distributing COVID-19 testing
sites equitably. By gaining a better understanding of the ef-
fectiveness of testing policies now, in future public health
emergencies, resource distribution can be improved. As of
writing, the authors know of no research that has compared
U.S. testing distribution by race and ethnicity across individ-
ual states and nationally.

The goal of this study was to examine the racial and eth-
nic composition of neighbourhoods surrounding testing sites
for the SARS-CoV-2 virus (COVID-19 testing) and associ-
ated impacts on disease-related morality. Our first objective
was to evaluate whether COVID-19 testing sites in each state
were located in neighbourhoods (defined by zip code) that
were demographically differentiable from neighbourhoods of

simulated sites when they are placed at random. These dis-
parities were calculated for the nation as a whole and each
state, and changes in the testing distribution over time were
described. We hypothesize that these disparities underrep-
resent Black and Hispanic populations but even out in later
dates of analysis. Our second objective was to examine the
correlation between such testing site disparities and racial/
ethnic disparities in disease-specific mortality. We hypoth-
esize that racial and ethnic groups that are underrepresented
in neighbourhoods near testing sites will have disproportion-
ately high COVID-19 mortality.

2 | METHODS
2.1 | Testing disparity analysis
2.1.1 | Data and variables

Data on the locations of COVID-19 testing centres were gath-
ered from WWW.FindCovidTesting.com19 and the COVID-19
Testing Site Finder from Castlight Health Inc. (‘Castlight
data’).?’ Both data sources have community input, so site op-
erators and users can submit information on local sites, and
the Castlight data incorporate locations directly from some
testing providers. These sources were combined and dupli-
cates removed to create a combined data set that represents
the most accurate available count of nationwide testing with
granular location data. To validate the inclusivity of the data
set, we audited random counties in comparison with state
public health websites. In every investigated county, all of the
testing sites from the state websites were included in at least
one of the two data sources (see Supplemental Section 1).
We conducted our analysis on data from 16 April, 7 May
and 28 May 2020 (3-week gaps). The 16 April analysis in-
cluded 2821 testing sites. The 7 May analysis added 6081
new sites and dropped 556 from the data set (possible site
closure or address changes) for a total of 8346 sites. The 28
May analysis added 3821 new sites and dropped 1886 for a
total of 10,281 sites. Zip codes were approximated for de-
mographic purposes using ZIP Code Tabulation Areas. >0
For demographic data, we used the US Census Bureau's
2014-2018 American Community Survey 5-year (ACS).
Variables included total population, Hispanic or Latino of
any race (Hispanic), non-Hispanic White alone (White), and
non-Hispanic Black or African American alone (Black).

2.1.2 | Statistical analysis

To create a baseline for our analysis, we employed Monte
Carlo simulation of 10,000 randomized testing site dis-
tributions for each date of analysis. Some states have high
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intra-state and inter-county variation in the demographic
characteristics that are risk factors for high COVID-19 mor-
tality.21 The need for testing may be more acute in those
high-risk areas. A completely random distribution of testing
sites across the country or state would be naive to this fact,
so we only moved testing sites within their county. Simulated
testing sites were proportionally likely to be located within
each of the zip codes in the county based on the population
of each zip code.

Testing disparities were calculated in each investigated ju-
risdiction (nationwide, aggregating all testing sites gathered,
and in each state, DC, and Puerto Rico) for each demographic
group (Black, Hispanic, White). For each group, aggregate
proportion in a jurisdiction was the average population per-
centage in each zip code surrounding each of the testing
sites within the jurisdiction (Figure 1) (see Supplemental
Section 2 for sensitivity testing and discussion of this mea-
sure). Disparities were the difference between the aggregate
proportion of the group for the empirical testing sites and the
mean aggregate proportion of the group in the Monte Carlo
simulations. Thus, they show whether, on aggregate, testing
sites were placed in zip codes that evenly represented the
group compared with random placement in their counties
(disparity of zero), overrepresented the group compared with
random placement in their counties (positive disparity) or un-
derrepresented the group compared with random placement
in their counties (negative disparity).

p-values for disparities are empirical p-values, and two-
tailed hypothesis tests were used with an a priori significance

level of p < .05. Our null hypothesis was that, within coun-
ties, testing sites would be distributed randomly with respect
to race, so we would not be able to differentiate the demo-
graphics of zip codes surrounding the empirical testing sites
from demographics of zip codes surrounding simulated ran-
dom testing site distributions.

2.2 | Mortality disparity analysis

2.2.1 | Data and variables

While perhaps still biased by unidentified infections, mortal-
ity is a more apt measure for determining effects of testing
than total COVID-19 cases because its identification is less
dependent on testing.22 Mortality data were gathered from
The COVID Tracking Project, which reports COVID-19
deaths by race/ethnicity in each reporting state.”® For each
date of testing disparity analysis, we gathered deaths from
the 2-week range approximately 1 to 3 weeks after testing
analysis, when death for COVID-19 patients who became
symptomatic on the date of testing analysis is most likely.24
While lags in mortality data reporting could be a concern,
empirical estimates of the time from an uptick of new cases
to the resulting uptick in reported deaths have been similar to
this range, giving us confidence that this time window will
capture much of the related mortality.25 Given data availabil-
ity, the best ranges were 22 April to 6 May, 13 May to 27
May and 3 June to 17 June for testing analyses on 16 April,

%

Y2 % (11.3% + 14.8% + 14.8%) = 13.6% |

LEGEND
4+  Example testing site
I ZIP 95134 - 14.8% Hispanic
I ZIP 95066 - 11.3% Hispanic

FIGURE 1

Demonstration of aggregate proportion calculation with three arbitrary testing sites. Three testing sites in California were

arbitrarily chosen to demonstrate how the aggregate proportion in ZCTAs around testing sites is calculated. The Hispanic proportion was calculated

for just these three sites. One site is in zip code 95066 (purple), which is 11.3% Hispanic. The other two sites are in zip code 95134 (blue), which

is 14.8% Hispanic. For these three sites, the aggregate proportion is 13.6 per cent. In this study, all testing sites in the state or the country would be

aggregated in this way for both the empirical and simulated testing distributions. The empirical aggregate proportion is compared to the mean-

simulated aggregate proportion to calculate the testing disparity
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6 May and 28 May, respectively. States and territories indi-
vidually report deaths related to COVID-19 in their jurisdic-
tion. Data availability increased in later date ranges as more
states began to report race and/or ethnicity with COVID-19
deaths. For Black and Hispanic populations, we calculated
statewide mortality disparities for each range as the differ-
ence between the proportion of deaths from COVID-19 in
the range of dates that were of people of that race/ethnicity
and the proportion of the state's population that was of that
race/ethnicity.

2.2.2 | Regression analysis and controls

We employed multivariable regression analyses to evaluate
the associations between statewide disparities in the distribu-
tion of testing and statewide disparities in COVID-19 mortal-
ity. Regressions included analytical weights for the number
of total deaths in the date range, and within-effects are re-
ported for the three sets of state disparities defined by date.

Confounding variables identified in a directed acyclic
graph (DAG) were included as controls in regression anal-
ysis (see Supplementary Figure). These included Black and
Hispanic populations (%),* poverty rate disparity versus
the general population,”” medical comorbidity disparity ver-
sus the general population, health access disparity versus
the general population, age disparity in proportion of the
group who were elderly versus the general population and
segregation.

Population and poverty rate data were from the
U.S. Census Bureau, as reported by the Kaiser Family
Foundation [KFF], and age data were from the 2018
ACS.*?" Medical comorbidity disparity controls included
the difference in prevalence for the associated group
versus the general population of three leading comor-
bidities:?® diabetes (from United Health Foundation),29
hypertension (United Health Foundation)* and obesity
(Centers for Disease Control and Prevention [CDC]).30
For both Black and Hispanic populations, to provide a
summary of the three comorbidities, we extracted the first
component from a principal component analysis (PCA) to
generate a comorbidity disparity variable with loadings
of each of the disparities (see Supplemental Table S3a
for PCA loadings). Health access disparity was the first
component extracted from a PCA to generate a health
access disparity variable with loadings of differences in
responses to three self-reported health access questions
from the CDC’s Behavioral Risk Factor Surveillance
System Survey (see Supplemental Table S3b for questions
and PCA loadings).31 We included a dissimilarity index
for Black and Hispanic populations (Frey) as our measure
of residential segregation, choosing it for its independence
from underlying racial composition. This index indicates

Nationwide aggregate demographic proportions in zip codes around empirical testing sites compared to random placement

TABLE 1

Black

Hispanic

White

p-value of
disparity

Aggregate proportion
(standard deviation)

11.99%

p-value of

Aggregate proportion

p-value of

Aggregate proportion

Tranche (Sites

disparity

(standard deviation)

disparity

(standard deviation)

63.03%

Geography

analysed of new sites)

Date

.20

.002*

14.76%

32

Empirical zip codes with testing sites

CUMULATIVE (2821

Apr

11.79% (0.24%)

10.49%

15.39% (0.22%)

17.46%

63.25% (0.32%)

63.39%

Mean for randomly distributed sites

sites)

16

<.001* .28

<.001*

Empirical zip codes with testing sites

NEW SITES
(6081 sites)

May

10.58% (0.15%)

10.81%

18.59% (0.15%)

16.64%

62.59% (0.21%)

63.46%

Mean for randomly distributed sites

7

<.001* 32

.001*

Empirical zip codes with testing sites

CUMULATIVE

10.87% (0.13%)

15.21%

17.63% (0.13%)

15.99%

62.89% (0.18%)

61.03

Mean for randomly distributed sites

(8346 total sites)

22 <.001*

<.001*

Empirical zip codes with testing sites

NEW SITES

(3821 sites)

May

14.17% (0.22%)

12.53%

15.85% (0.18%)

16.00%

62.30% (0.28%)

62.81%

Mean for randomly distributed sites

28

<.001* .002*

.06

Empirical zip codes with testing sites

CUMULATIVE

16.44% (0.11%) 12.17% (0.13%)

Mean for randomly distributed sites 63.07% (0.17%)

(10,281 total sites)

*Indicates significance at p < .05.

Aggregate proportion is the average demographic proportion of a given race in zip codes, either those around empirical testing sites or those around random simulations of testing site distributions. From the random Monte Carlo

Simulations, the mean aggregate proportion is reported along with standard deviation.
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what percentage of the corresponding minority population
would have to relocate in order to be distributed exactly
like the White population in the state.>?

3 | RESULTS
3.1 | Nationwide disparities in testing site
locations

We described the demographic differences between the zip
codes with testing and their corresponding counties. The na-
tional differences in neighbourhood racial and ethnic com-
position for the empirical testing site distribution and the
mean random-simulated distribution are shown over time in
Table 1. The change in mean randomly simulated distribution
over time shows the changing distribution of counties with
testing sites.

3.1.1 | Testing disparities, 16 April 2020

In the testing site location set on 16 April 2020 (n = 2821),
empirical testing sites were in zip codes that had significantly
lower Hispanic populations (14.76%) than would be expected
in a random testing site distribution (15.39%, SD = 0.22%)
(p =.002). The aggregate representations of Black and White
populations in zip codes with testing sites were not signifi-
cantly different from simulated distributions on 16 April.

3.1.2 | Testing disparities, 7 May 2020

The new testing sites (n = 6081) added between 16 April and
7 May significantly overrepresented White populations in
zip codes with testing (63.39% in zips vs. 62.59% expected,
p < .001) and underrepresented Hispanic residents (17.46%
in zips vs 18.59% expected, p < .001). However, these new
testing sites were in counties with a higher Hispanic popula-
tion than the baseline in April, so the absolute representation
of Hispanic populations in zip codes with testing increased.
Concurrently, these new testing sites were in counties with a
lower Black population than the baseline in April, so the ab-
solute representation of Black populations in zip codes with
testing decreased from 16 April to 7 May.

3.1.3 | Testing disparities, 28 May 2020

In a reversal from the previous testing sites, the new testing
sites (n = 3821) added between 7 May and 28 May signifi-
cantly underrepresented White populations in zip codes with
testing (61.03% in zips vs. 62.30% expected, p < .001) and

WILEY-L5"

overrepresented Black populations in zip codes with testing
(15.21% in zips vs 14.17% expected, p < .001) compared
with the counties. Compared to the baseline of the cumula-
tive testing sites as of 7 May, these new sites were in counties
with higher Black populations (p < .001) and lower White
populations and Hispanic populations (p = .04 and p < .001,
respectively).

3.2 | Total demographic representation near
testing sites

We also examined differences between the aggregate racial
makeup of the neighbourhoods/counties with testing sites
and the nation as a whole. While 12.3% of the overall U.S.
population recorded in the data source was Black, Black resi-
dents made up as little as 10.49% of the population of zip
codes with testing sites on 7 May. While 17.8% of the US
population was Hispanic, Hispanic residents had their lowest
representation in the 16 April data set, when the population
made up as little as 14.76% of people living in zip codes with
testing on 16 April.

3.3 | State-by-state disparities in testing
site location

We sought to identify disparities in individual states and ter-
ritories, as testing policies have varied by locality and the
virus has not had a uniform effect.*®> At each date of analysis,
states with statistically significant disparities for Hispanic
and/or Black populations are graphed in Figure 2. (For de-
tailed data by jurisdiction, see Supplemental Tables S4a—c.).
On the final date of analysis (28 May), the states/territories
with the largest disparities that underrepresented Black popu-
lations were DC, PA and VA. Throughout the analysis, the
disparity for Black residents in DC was the largest of any
group. On 28 May, the states with the largest disparities that
underrepresented Hispanic populations were in AZ, CA and
TX.

3.4 | Association of disparities in testing site
distribution and COVID-19-related mortality

We sought to investigate the role of COVID-19 testing on
outcomes by describing the relationship between disparities
in testing location and eventual disparities in disease-specific
mortality. The simple linear relationship between testing dis-
parity and mortality disparity is negative for both groups and
all dates expect for Black populations on the last date of anal-
ysis, 28 May (Figure 3). Controlled for statewide confound-
ing variables as described in the Methods, the relationship
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Statistically-significant geographic racial
disparities in statewide locations of testing sites

Hispanic disparity over time

FIGURE 2 Statistically significant
statewide racial and ethnic disparities in
testing geography. For both Hispanic and
non-Hispanic Black, states with significant
disparities (p-value <.05) are distributed
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between testing disparities and mortality disparities was 4 | DISCUSSION

significant in Hispanic populations (b = —1.04, SE = 0.415,
p = .01). These results mean that, ceteris paribus, a one
percentage point decrease in the representation of Hispanic
people near testing sites leads to a 1.04 percentage point in-
crease in Hispanic mortality disparity. The relationship for
Black testing disparity and mortality disparity did not meet
statistical significance with these controls. (Supplemental
Table S5).

This study sought to describe the racial and ethnic disparities
in the distribution of COVID-19 testing sites in the United
States and to examine potential effects of the distribution of
testing sites on disease outcomes. By comparing the demo-
graphics of the neighbourhoods with testing sites to simulated
random distributions of testing sites, we found disparities in
the nationwide distribution of COVID-19 testing sites. While
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Racial disparity of testing geography and racial disparity in mortality, state-by-state
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FIGURE 3 Disparity of testing geography and disparity in mortality, state-by-state. For Hispanic and non-Hispanic Black and all dates of

analysis, statewide disparities in the makeup of zip codes and what would be expected from random distribution are plotted against the statewide

disparity in mortality, comparing the group's proportion of total state population to its proportion of COVID-19 deaths 1 to 3 weeks later with

known race/ethnicity. Positive (negative) testing disparities indicate that the racial/ethnic group is overrepresented (underrepresented) in the zip

codes with testing compared with the surrounding counties. Positive (negative) mortality disparities indicate that members of the racial/ethnic group

are overrepresented (underrepresented) among deaths compared to what would be expected given the proportion of the racial/ethnic group in the

state. Best-fit lines show simple linear regression between the two disparities for each date of analysis. A version of this figure without DC and CT,

the two notable outliers, is available in the supplement (Supplemental Figure 2)

there were changes over the timeframe with the addition of
new testing sites, they do not show a consistent trend of re-
mediation nor expansion of disparities.

Nationally, Hispanic populations were consistently under-
represented in neighbourhoods with testing compared what
would be expected with a random distribution at all dates
of analysis (16 April, 7 May, 28 May). Testing sites added
between 16 April and 7 May were in counties with higher
Hispanic populations than before, but within those counties,
the testing sites were in zip codes with lower Hispanic pop-
ulations than would be expected with random distribution.
After 7 May, the testing sites added were in counties with
lower Hispanic populations. Cumulatively, however, the
counties with testing sites on 28 May had significantly higher
Hispanic representation than the original testing sites on 16
April.

The new testing sites’ representation of Black popu-
lations was different, perhaps suggesting disparities for
Black and Hispanic populations are not naturally resolved
in tandem. New testing sites added from 16 April to 7 May
were in counties with lower Black population than existing
sites. Conversely, new testing sites from 7 May to 28 May
were in counties with higher Black populations than exist-
ing sites, and within those counties, sites were in zip codes

that overrepresented the Black population compared to what
would be expected with random distribution. The cumula-
tive testing sites on 28 May were in zip codes with higher
Black populations would be expected with random distri-
bution, and compared to original testing sites on 16 April,
testing sites were in counties that had slightly greater Black
representation.

This study also examined testing distribution in each state,
Puerto Rico and DC. To our knowledge, this is the first study
to compare racial and ethnic disparities in the distribution of
COVID-19 resources in the states. This granularity may be
more suitable for policy action, given that the responsibility
for testing strategy and resource distribution falls largely on
states and localities in the United States.* On the final date
of analysis (28 May), the states/territories with the largest
disparities that underrepresented Black populations in neigh-
bourhoods with testing were DC, PA and VA, and the largest
disparities that underrepresented Hispanic populations were
in AZ, CA and TX. These states are all in the top half of states
by population percentage of the noted demographic group,
meaning policies in these states have larger populations to
affect. However, this does not explain the entire effect: some
states with large minority populations had small disparities
or overrepresented minority groups near testing. Further
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research should examine how specific policies or character-
istics of states affected COVID-19 testing site distribution by
race/ethnicity.

To assess associations with testing disparities, we used
regression analyses to examine the relationship between the
testing disparities affecting Black and Hispanic populations
and the eventual disparity in COVID-19 mortality. State test-
ing disparity was negatively associated with state mortality
disparity, meaning states with testing in neighbourhoods that
underrepresented one racial population on a date of analysis
were more likely to report a higher rate of mortality in the un-
derrepresented population over the next few weeks. We found
that for Hispanic populations, when controlling for confound-
ing disparities and state characteristics, underrepresenta-
tion of Hispanic individuals in zip codes with testing sites
was significantly associated with higher mortality among
that group compared with their population size (b = —1.04,
SE = 0.415, p = .01).

These results provide further evidence supporting ef-
forts to increase testing availability in underserved neigh-
bourhoods.** It may be prudent to aim for a disparity in the
opposite direction, where minority residents are overrepre-
sented near testing sites, as Black and Hispanic populations
are overrepresented in the burden of the disease. Performing
need-based assessment based on racial composition of the
county/state prior to establishing testing sites, so as to pro-
vide resources to communities that are most in need, may
help reduce disparities in access to testing and mortality re-
lated to COVID-19. Other policies may include improving
testing availability at existing community centres that have
previously improved healthcare access for Hispanic patients,
expanding culturally competent testing to ensure language
and fear of stigmatization or deportation are not barriers to
care and reducing non-geographical barriers to testing, such
as eliminating out-of-pocket costs, given people of colour are
less likely to report confidence in their ability to overcome
the negative effects of COVID-19 infection, including being
able to afford testing.35"37 While the most effective point of
change is likely at the first rollout of testing, any remaining
testing disparities should be ameliorated. In order to guide
this improvement, more state- and county-level racial and
ethnic data should be made available on COVID-19 tests ad-
ministered (positive and negative).

This study had multiple limitations. First, it relied on the
accuracy of the underlying data on COVID-19 testing loca-
tions, although we used two data sources to try to maximize
coverage, and we audited for accuracy. It is possible commu-
nity input varies with the demographic makeup of the area
and that missing data are thus biased by race. Additionally,
testing site data did not have the necessary detail to assess ca-
pacity or temporary closures, another possible source of bias.
Finally, medical settings that offered testing to only inpatient
populations may have acted as a testing site of last resort if

individuals admitted themselves to be tested, but these may
not have been included in the data set. Future studies should
examine the distribution of testing sites at more granular lev-
els for increased precision. Second, we were only able to use
the demographics of the neighbourhoods around testing loca-
tions and not data about the actual tests administered because
too few states report demographic data on testing incidence.
Third, zip codes are of varying shape and size and of course
can be crossed, so their actual predictive power for testing
access may be different in different regions, although we did
employ sensitivity tests. Fourth, testing access disparities
may have varied within counties or states, which may give
more insight into the effect of testing, but our analysis does
not investigate beyond averages. Finally, the observed cor-
relation between testing site disparities and rates of mortality
does not infer causality, but rather a relationship that warrants
further investigation and validation in future studies.

5 | CONCLUSIONS

Across the United States and in many states, testing sites for
COVID-19 are not equitably distributed, often underrepre-
senting minority populations who have the highest need for
testing. During the course of this study, even after new sites
were added with improved Hispanic representation, testing
sites nationwide were in neighbourhoods that underrepre-
sented the Hispanic population of their county. States with
distributions of testing sites that underrepresented Hispanic
residents were more likely to report higher mortality rates
among the Hispanic population.

How an institution acts under stress reveals its weak-
nesses and fracture lines. The early period of the COVID-19
pandemic investigated here was one of systemic stress and
fear, and the response to distribute testing sites was, in many
places, not equitable. Disparities in testing during this pan-
demic should be a consideration for future epidemiological
responses and should inform how the healthcare system
prepares for emergencies. Most tactically, this study offers
a framework through which to expand equitable access and
an easy-to-implement measure for distribution disparities:
new (testing) site placement should be informed by the ra-
cial and ethnic makeup of the immediate neighbourhood in
the context of the wider county, and existing (testing) sites
should be examined for remaining inequity in geographic
distribution. For simplified use, this measure can be imple-
mented by comparing the aggregated demographic makeup
of the zip codes surrounding (testing) sites to the total de-
mographic makeup of the county. More broadly, we should
work to build systems to ensure that, even under great stress,
emergency responses do not amplify those disparities. For
example, the initial placement of COVID-19 testing sites
often began with existing health infrastructure,” and there
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are known structural disadvantages in access to healthcare
infrastructures such as clinics and providers in minority
neighbourhoods.14 Long-term change should aim to reduce
disparities in access to healthcare resources among Black and
Hispanic communities.
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