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Abstract: Purpose: To explore how race and residential zip codes’ socioeconomic index (SES) influenced
COVID-19 testing rates in St. Louis during the early and peak phases of the pandemic. Method: An ecological
study was conducted using COVID-19 testing data from March to November 2020 in St. Louis City. The study
included 16,915 individual tests from 30 residential zip codes. Results: The overall testing rate in St. Louis was
303.97 per 10,000 population. Testing rates among Blacks, Whites, American Indian/Alaskan Natives, and
Asians were 374.26, 247.77, 360.63, and 242.41 per 10,000, respectively. Higher testing rates were observed in
low and middle SES zip codes compared to high SES zip codes. Adjusted for SES, testing rates were 1.68%
higher among Blacks and 0.43% higher among American Indian/Alaskan Natives compared to Whites, and
0.033% lower among Asians. Geographical mapping showed higher testing rates in the inner core and lower
rates in the periphery of St. Louis. Conclusion: Race and SES influence testing rates. Areas with low testing
rates should be targeted for intervention in St. Louis.

Keywords: COVID-19; testing rates; race; socioeconomic index (SES); geographical mapping;
disparity

Introduction
Background

The COVID-19 pandemic has had a devastating effect globally on many sectors of human life,
such as health, economic, and social systems. Though the toll continues to be seen and felt, this was
especially so in the early and peak phases of the pandemic. Over 500 million cases and 6 million
deaths have been reported globally [1]. In the United States (US), there are well over 80 million cases
and 950,000 reported deaths [2,3]. At a more disaggregated, granular level, there appears to be a
disproportionate burden of COVID-19 morbidity and mortality among racial minorities in the US [4].

A review of current literature shows that research on COVID-19 around racial disparities is
increasing [5]. However, a greater percentage of published papers on COVID-19 and racial disparities
are heavily skewed toward the analysis and discussion of the clinical outcomes such as morbidity,
often quantified with proxy measures of hospitalizations and the mortality associated with COVID-
19 [5,6]. There is a relative dearth in the literature on testing, which can equally explain the
mechanisms at work in producing these disparities.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Access to testing and testing behaviors are essential factors to contain any pandemic, especially
in the early and peak phases where there are limited and restricted testing resources. Testing may be
a proxy measure that provides crucial insights into access to health care and its delivery, mainly
because, prior to COVID-19 testing becoming more readily available, there was limited/restricted
access to testing in the early part of the pandemic[7]. Hence, a careful analysis of testing data may
reveal patterns and trends that allude to disparities in access to testing or otherwise.

Secondly, determinants of health such as socioeconomic status, education, healthcare insurance,
and others may shape access to testing, and hence low testing trends may partly provide insights as
to why there are disparities in communities of color. Additionally, insights from testing patterns can
inform targeted interventions and programs to improve access to testing and other healthcare
services for those disadvantaged.

The St. Louis region has historically suffered from racial segregation and resultant health
disparities as a corollary effect [8,9]. As stated above, this growing concern of racial and ethnic
minority communities experiencing an increasingly disproportionate burden of COVID-19 infection
and mortality[10] may be happening in the St Louis region. No study has examined racial/ethnic
disparities in testing patterns in a racially and socioeconomically diverse population such as the St.
Louis area. Are these disparities clustered in specific geographical locations at a more granular level,
and does the zip codes” socioeconomic index influence this trend? Understanding how race and
socioeconomic index influence COVID-19 testing can equip us for a quick response to the next
pandemic.

This study aims to contribute to the body of literature by evaluating the influence of race and
residential zip codes’ socioeconomic index on testing patterns and whether there are geographical
clusters of areas lacking in testing for targeted interventions in a racially and socioeconomically
diverse metropolitan area such as the St. Louis city.

St. Louis Context and COVID-19

As of 2021, the White (non-Hispanic) and Black (non-Hispanic) populations in St Louis were
45.5% and 43.9%, respectively. The Hispanic population was 4.4%, and the Asian (non-Hispanic) was
3.5%. All other racial and ethnic groups constituted 2.7% [11]. The St Louis region remains one of the
geographical areas in the United States where racial segregation and its effects are highly
persistent[12]. “The Delmar Divide,” described by the BBC elsewhere aptly elucidates this
phenomenon [13].A significant number of blacks reside in the northern part of the city, where
decades of redlining, deed covenants, rezoning, etc., have ultimately led to high poverty and few
public services [14-16].. The effects of segregation manifest as health disparities due to poverty and
the consequent lack of access to health literacy and healthcare services [17-19].. The first confirmed
COVID-19 case in St. Louis was on March 7th, 2020, [20,21] and the first COVID-19 -related death in
the St. Louis area was reported on March 22nd, 2020 [22]. As of November 4th, 2022, there have been
58,807 total confirmed cases of COVID-19 translating to 19,499.8 per 100,000 people and 801 total
confirmed deaths translating to 265.6 total deaths per 100,000 people [23].

Methods
Data

We conducted an ecological study using COVID-19 testing data from the City of St. Louis
Department of Health COVID-19 database. The Department received and collated data from
hospitals and testing centers within the city limits. Data included in this analysis were from March
to November 2020. There were 16,915 individual COVID-19 tests performed within this period.
Variables selected for the study included race and the residential zip codes’ socioeconomic index
(SES) in St. Louis city. Race had 5 categories of White, Black/African American, and Asian, a
combined category of American Indian/Alaskan Native, and Other, representing all other races or
people of a mixed race. However, our analysis limited the race variable to White, Black/African
American, Asian and American Indian/Alaskan. We excluded the “other” level in the race category
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because we did not know which races were aggregated as the “other.” We excluded zip codes outside
the limit of St. Louis city. Other variables in the City of St. Louis Department of Health COVID-19
database included age, gender, test result (defined as positive, negative, indeterminate), test type
(defined as PCR, etc.), test date, etc.

We extracted the test month from the stated test date as the month in which the COVID-19
testing was done. We defined the socioeconomic index (SES) from the socioeconomic deprivation
scores variable of the Missouri Health Rankings Project utilizing data from the Washington
University School of Medicine and Hospital Industry Data Institute, [24] whose source data is from
census-based zip code level data and primary data from hospital discharges at the zip code level in
St. Louis. The socioeconomic deprivation index scores considered factors such as low education, high
school education, college education, childhood poverty, unemployment, household size, median
home value, Medicaid, uninsured, non-English speakers, median household income, racial income
inequality, renter-occupied housing, single-parent households, unmarried adults, and blue-collar
workers, making it an excellent approximate measure for socioeconomic status at the zip code level.
The socioeconomic deprivation scores generally ranged from -6 to 3, with residential zip codes with
higher deprivation scores being worse off in socioeconomic standards than those with lower
deprivation scores. The residential zip codes included in our study had deprivation scores that
ranged from -4.91 to 2.12. To ensure a straightforward interpretation of our result, we defined our
socioeconomic index scores to be 3.12 — deprivation index scores; that way, the maximum deprivation
score became our minimum socioeconomic index score of 1, and the minimum deprivation score of -
4.91 became our maximum socioeconomic index score of 8.03. Thus, an increase in the socioeconomic
index (SES) represents an improvement in the socioeconomic standards of residential zip codes.

The outcome variable was COVID-19 tests performed within the period, and the testing rate was
estimated as the individual COVID-19 tests performed in each zip code divided by the population
size in that zip code. We estimated the testing rate of each race at the zip code as the tests performed
by each race divided by the racial population size at that zip code. The data on racial population size
and percentage racial distribution for each zip code was extracted from Think Health St. Louis, a
web-based population data and community health information for community assessment, strategic
planning, advocacy, etc., for policymakers and community members of St. Louis City and County.
More details on this data source can be found at www.ThinkHealthSTL.org. A total of 30 zip codes
met inclusion criteria within the city limits of St. Louis. See Figure 1 for inclusion and exclusion
criteria.
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Figure 1. Study Attrition Diagram showing our inclusion and exclusion criteria.

Statistical Analysis

We ran a Pearson correlation analysis between testing rates per 10,000 populations in St. Louis
and the residential zip codes’ socioeconomic index stratified by race. We also conducted a linear
regression analysis between testing rates per 10,000 population and race, controlling for the
socioeconomic index of zip codes. We also looked at the trend in testing over the study period
stratified by race and socioeconomic index and mapped testing rates in different zip codes in St. Louis
city using a Geographic Information System software called Quantum GIS (QGIS). All statistical
analyses were performed in R 4.2.0, [25] except mapping, where we used QGIS. Visualization of the
COVID-19 testing rate per 10,000 population and race, the socioeconomic index, and the population
distribution of the various races in St. Louis city was performed using choropleth maps (color maps).
Choropleth maps are widely used because they form a visual representation of a given statistical
data[26,27]. In our study, the choropleth maps are used to represent and enhance visual comparison
of the COVID-19 testing rate and the socioeconomic index among the selected Zip codes in St. Louis
city. In creating choropleth maps, the equal intervals method was employed in the QGIS
environment. The COVID-19 testing rate was categorized into five classes, while the SES was
categorized into three classes (low, medium, and high).

Results

Overall testing rates in St. Louis were 303.97 per 10,000 population. The Blacks/African
Americans and American Indian/Alaskan Natives tested the highest at 374.26 and 360.63 per 10,000,
respectively, followed by Whites and Asians who tested at 247.77 and 242.41 per 10,000, respectively.
See Table 1.
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Table 1. Descriptive Statistics of Testing Rates in St. Louis.

Covariates Testing Rates Per 10,000
Overall Testing in St. Louis 303.97

Race

American Indian/Alaskan native 360.63

Asian 242.41

Blacks/African Americans 374.26

White 247.77

Socioeconomic Index Category

Index 1-3 (Low SES) 363.23
Index 4-6 (Medium SES) 259.53
Index > 6 (High SES) 33.57

There was generally a weak association between testing rates and socioeconomic index. Also,
race modified the association between testing rates and the socioeconomic index of residential zip
codes. Thus, for all the races, testing rates decreased as the socioeconomic index of residential zip
codes improved, except for American Indian/Alaskan Natives, whose testing rates increased weakly
as the socioeconomic index of zip codes improved. See Figure 2.
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Figure 2. Pearson Correlation between Testing Rates and Socioeconomic Index of zip codes stratified
by Race.

For every 10,000 population, tests, compared to the white population, were higher by 168 (1.68%)
and 43 (0.43%) among Blacks/African Americans and American Indian/Alaskan Natives,
respectively, and lower by 3.3 (0.033%) among Asians when we controlled for residential zip codes’
socioeconomic index. Also, for every 10,000 population, tests decreased by 25 (0.25%) for every unit
improvement in the socioeconomic index of the residential zip codes.

For every 10,000 population, tests, compared to the white population, were higher by 168 (1.68%)
and 43 (0.43%) among Blacks/African Americans and American Indian/Alaskan Natives,
respectively, and lower by 3.3 (0.033%) among Asians when we controlled for residential zip codes’
socioeconomic index. Also, for every 10,000 population, tests decreased by 25 (0.25%) for every unit
improvement in the socioeconomic index of the residential zip codes. See Table 2.

Table 2. Association between testing rates and race controlling for socioeconomic index.

Characteristics Beta CI (95%) P-value
Intercept 405 174, 635 <0.001
Race

White ref ref ref
American Indian Alaskan 43 -184, 271 0.7
Asian -3.3 -231, 224 >0.9
Black/African American 168 -60, 396 0.15

Socioeconomic Index -25 -78,28 0.4
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Residential zip codes in the inner core of St. Louis city generally had higher testing rates
regardless of their socioeconomic index. In contrast, the zip codes in the periphery of St. Louis city
had lower testing rates independent of their socioeconomic index. See Figure 3.
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Figure 3. Map showing the COVID-19 testing rates and the socioeconomic index of St. Louis City in
the USA.

Racial population distribution had less influence on the testing rates in St. Louis City, as the zip
codes with predominantly black or white populations in the inner core of St. Louis city had higher
testing rates, whereas the zip codes in the periphery of St. Louis city with predominantly black or
white populations had lower testing rates. See Figure 4.
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Figure 4. Map showing the Distribution of Racial Population over COVID-19 Testing Rates in the St.
Louis City in the USA.

Largely, zip codes with predominantly white populations in St. Louis city were of the higher
socioeconomic index, whereas those with mostly black populations were of the lower socioeconomic
index. See Figure 5.
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Figure 5. Map showing the Distribution of Racial Population over Socioeconomic Index of the St.
Louis City in the USA.

There was generally an increase in testing rates over the study period. Testing rates were highest
among American Indian/Alaskan Natives in March, June, July, August, September, and November
but highest among Asians in May and October. The testing rates among Asians in May and October
were the highest recorded peaks over the study period. There were also no testing rates for American
Indian/Alaskan Natives in April and May. Overall, testing rates were higher among all the races in
October. See Figure 6.
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Figure 6. Trend in Testing Rates Over Time.

The testing rates were generally higher in the low and middle socioeconomic index residential
zip codes and less in the high socioeconomic index zip codes. Among Asians, testing rates were
highest in May and October in the lower socioeconomic index zip codes, whereas among American
Indian/Alaskan Natives, testing rates were highest in the middle socioeconomic zip codes compared
to the testing rates among other races. See Figure 7.
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Discussion
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Our study found that, mainly, racial minorities and, generally, populations in the lower
socioeconomic index tested more than those in the higher socioeconomic index. This might be
because low-income households and racial minorities are likely to live in larger household sizes, with
an increased likelihood of living in overcrowded homes with shared facilities or communal
areas,[28,29] reducing the opportunity to isolate in case of COVID-19 exposure. This, coupled with
the fact that people living in the lower SES and racial minorities mostly work as essential workers
and therefore could not work remotely, leaving them extensively exposed to the COVID-19
pandemic,[30-33] could be the potential reasons for the increased testing at the poorest SES.

Additionally, the deliberate and concerted efforts made by the St. Louis City Department of
Health (DOH) to establish testing sites in socioeconomically deprived areas of the city, targeting those
at the lower end of the SES who were at higher risk of contracting or spreading COVID-19 to address
equity in response to COVID-19 [14] and received national recognition for these deliberate policy
decisions[15], could be another potential reason for the elimination of significant testing disparity
between the racial minority groups and the majority white population in the St. Louis city. This also
shows that policy decisions anchored in equity at the local, state, or federal level can positively
mitigate a public health emergency such as the COVID-19 pandemic. Also, our result of blacks testing
more than whites is compatible with a previous study by Rentsch and colleagues, which found that
Blacks were more likely to be tested for COVID-19 than whites or the Hispanic/Latino population
[36].

However, our study results differed from Brandt, Katerina et al., 2021, which found a significant
disparity in access to testing in North Carolina, with the distribution or access to COVID-19 testing
not evenly distributed across racial-ethnic groups, especially in the Latinx, Non-Latinx Black and
other historically marginalized population [37]. This proves that public health policies and
interventions are different across the US, and therefore different geographical locations in the US are
more likely to respond differently to pandemics and thus achieve different public health
outcomes/goals. It will be helpful if the successful interventions by the St. Louis City Health
Department for eliminating the disparity of COVID-19 testing rates among racial groups could be
adopted and implemented nationally in future pandemics, especially in areas where there was a
significant disparity in testing rates among racial minority groups and the white populations.

The increase in testing rates over the study period might be due to the rise in the prevalence of
COVID-19 cases and the availability of testing kits over time. Also, the peaks of testing rates around
October might be due to family members testing ahead of a popular social gathering of Americans
for Thanksgiving.

In the geographical mapping, it is evident that areas with poorer testing rates were located at
the periphery of St. Louis, whereas the city’s inner core had the highest testing rates. This clustering
of areas of higher and lower testing rates had no association with SES or racial population
distributions. Therefore, it would be interesting to investigate other additional characteristics that
account for this geographical location disparity in testing rates in St. Louis city. Also, clustering areas
with high and low testing can be helpful for targeted interventions to increase testing in the St. Louis
area.

Limitations

Our results may not be generalizable as we only used data from St. Louis City. Also, our results
should be interpreted cautiously to avoid ecological fallacy, given that this was an ecological study
where we did not account for individual-level factors such as comorbidity, religious and socio-
political affiliations, etc. Furthermore, other studies are needed to understand how individual-level
and geographical characteristics contribute to the testing patterns in the St Louis area. Additionally,
in the early days of the pandemic, demographic data such as race was poorly collected, which could
also impact our findings.

Another important limitation of our study is that we could not look at the testing rates of the
Hispanic/Latino race in St. Louis city- this was because the testing data we had access to had
aggregated the smaller racial populations in St. Louis city as “other.” It will be necessary for other
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studies in the Midwestern regions to consider this level of race category and its association with
COVID-19 testing rates, especially given the overwhelming burden of COVID-19 morbidity and
mortality among the Hispanics/Latino race in the US [38—41].

Lastly, the population sizes extracted for the estimation of our testing rates were that of 2022.
The population size at each zip code in 2020 may likely vary from what we used for our analysis.
Therefore, our testing rates are only a rough estimate of the COVID-19 testing rates during 2020. Also,
we could not access the population sizes for our study from the US census bureau due to the granular
nature of our research. Thus, some of our racial population sizes were likely to be below the threshold
that the US census bureau could share their data.

Conclusion

Race, socioeconomic index, and geographical location can influence COVID-19 testing rates.
Therefore, these factors need to be considered in policymaking to increase testing rates. This study
also shows areas in the St Louis region where testing was poorly accessed and can be used to increase
access to testing in the areas that desperately need it.
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