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Abstract

Purpose: Social determinants of health and racial inequalities impact healthcare access and
subsequent coronavirus testing. Limited studies have described the impact of these inequities
on rural minorities living in Appalachia This study investigates factors affecting testing in rural
communities.

Methods: PCR testing data were obtained for March through September 2020. Spatial regression
analyses were fit at the census tract level. Model outcomes included testing and positivity rate.
Covariates included rurality, percent Black population, food insecurity, and area deprivation index
(a comprehensive indicator of socio-economic status).

Results: Small clusters in coronavirus testing were detected sporadically, while test positivity
clustered in mid-eastern and southwestern WV. In regression analyses, percent food insecurity
(IRR = 3.69*109, (796, 1.92*1016)), rurality (IRR=1.28, (1.12, 1.48)), and percent population
Black (IRR =0.88, (0.84, 0.94)) had substantial effects on coronavirus testing. However, only
percent food insecurity (IRR = 5.98 * 10%, (3.59, 1.07*10%)) and percent Black population (IRR =
0.94, (0.90, 0.97)) displayed substantial effects on the test positivity rate.

Conclusions: Findings highlight disparities in coronavirus testing among communities with
rural minorities. Limited testing in these communities may misrepresent coronavirus incidence.
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INTRODUCTION

COVID-19, novel coronavirus SARS-CoV-2, is a highly infectious virus transmitted
primarily by respiratory particles [1]. In the United States alone, there have been 29,769,325
total cases and 541,289 deaths as of March 24, 2021 [2]. In the absence of a vaccine,
preventive measures, such as social distancing, are routinely applied to mitigate risk of
infection and lower financial impact of the pandemic [3]. While effective, communities
maybe unable to practice social distancing when faced with higher disparities in social
determinants of health [4-6]. In particular, studies have suggested that communities with
lower socio-economic status and higher racial/ethnic diversity are at increased risk of
inability to social distance resulting in overall higher risk of infections [7-8].

Adverse impacts of socio-economic and racial inequalities are potentially worsened in rural
areas. Rural communities often have more limited access to healthcare, higher levels of

food insecurity and poverty, and observe overall higher prevalence of pre-existing conditions
which can impact severity of COVID-19 infection [4-5, 9-11]. Among U.S. COVID-19
cases requiring hospitalization, 57.2% had hypertension, 48% were classified as obese, and
32.2% had cardiovascular disease [12]. Historically, rural Appalachian states, such as West
Virginia, have not been regarded as having highly diverse racial/ethnic populations. Recent
2019 American Community Survey (ACS) estimates indicate that approximately 3.7% of
West Virginia’s resident population is Black/African American [13]. Despite lower diversity
across the state as a whole, specific communities are experiencing racial/ethnic growth

in rural areas [14]. These clusters of diverse rural communities face unique challenges
regarding social vulnerability to COVID-19. For example, McDowell County in the southern
coalfields of West Virginia has the second highest percent Black population at 8.4%, and is
ranked as the most socially vulnerable county in WV to COVID-19 as of October 10, 2020,
according to CDC [13,15].

Geographic information systems (GIS) and spatial analyses are ideally suited to identify
geographic variation and spatial drivers of SARS-CoV-2 infection risk [16—20]. Studies have
compared spatial autoregressive model performance to ordinary least squares approaches
and found that incorporating spatial effects improves model fit [21]. While these basic
approaches provide a foundation for more rigorous studies, they lack the technical
complexity to accurately assess risk of disease when case sizes are small, thereby limiting
their use in rural communities [16]. More robust methods, such as Bayesian Hierarchical
Spatial Modeling, have been employed for more accurate risk estimation in rural versus
urban areas [22]. Paul et al. 2020 found that prevalence of coronavirus increased in

rural areas over time, particularly in counties with higher Black, obese, and/or cigarette
smoker populations [22]. While these results support previous data regarding the association
between risk of coronavirus and social determinants of health, they are highly aggregate,
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potentially masking community-level associations. Additionally, the use of case data
potentially introduces significant time lags between testing and reporting.

The objective of this study is to perform a granular spatial model to identify factors
adversely affecting SARS-CoV-2 testing among rural communities. Findings will identify
high risk communities and vulnerable populations in West Virginia in whom SARS CoV-2
testing should be intensified. Additionally, this study provides new insights related to
coronavirus testing coverage in rural minority populations.

Data Management

Zip code level coronavirus polymerase chain reaction (PCR) testing data were obtained
for March to September 2020 from the West Virginia Health and Human Resources
(WVDHHR). Testing data contained fields for unique patient identifier, zip code of
residence, date of collection, type of test, and test result. Inconclusive testing results were
removed from analyses. Raw data were imported into R software [23] and aggregated such
that each row represented a unique person who tested either positive or negative. Patients
who received multiple tests were regarded as negative if no test was positive. Alternatively,
patients who had at least one positive test were regarded as positive, and not counted

in persons who had always tested negative to ascertain total unique persons tested and
proportion which tested positive. Data were consolidated once more to aggregate unique
patient testing data to zip code of residence over the study period. Zip code level data were
visualized in ArcMap 10.5 (ESRI Redlands, CA) as centroids and spatially joined to a 2010
West Virginia Census Tracts shapefile [24-25].

Census tract human testing data were joined with 2018 census tract population estimates,
and percent population Black/African American, as well as percent population food
insecure, Area Deprivation Index (ADI), and Rural-Urban Communizing Area (RUCA)
codes by tract identification number (GEOID) [26-29]. Percent food insecure data were
de-aggregated from the county-level such that every census tract in a county was assigned
the same county level percent food insecure. Area deprivation indices (ADI) available at the
census block group level, were aggregated to census tract level using spatial join in ArcMap
to estimate average ADI within tracts. Area deprivation indices ranged from 1-10 for within
state comparisons, with higher scores indicating more disadvantage [29]. As a result, higher
values of the average ADI for a tract also indicated more disadvantage. State and national
ADI scores have been incorporated to describe neighborhood disadvantage in past health
studies [30-31]. Tract level RUCA codes were regarded as continuous data ranging from
1-10, with higher scores indicating increasing rurality [27].

Statistical Analysis

Separate census tract level Bayesian hierarchical models were employed to identify
associations between the dependent variables (SARS-CoV-2 testing and positivity rate) and
model covariates using the R-INLA package [32]. In both instances, models employed

a BYM maodel for Poisson log-normal approximation for our outcome, and adjustment
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for correlated and uncorrelated spatial heterogeneity [33]. Mathematical specifications for
spatial BYM Poisson regression models have been described elsewhere in detail [22, 34-35].
Model offsets included census tract level population (testing rate model) and total unique
tests (positivity rate model) respectively. Effects of covariates were assessed using 95%
credible intervals (Crl). An interval including zero indicates the corresponding covariate is
not influential. Priors for both models conducted in R-INLA were fixed (mean = 0, precision
= 0.001). Model parameter estimates were exponentiated to calculate incidence rate ratios
for interpretation of substantial effects from covariates on coronavirus testing and positivity
rates [22]. Bivariate maps were created to visualize associations between outcomes and
statistically significant variables using choropleth and color graduated symbols. The study
protocol was approved by the West Virginia University Institutional Review Board (Protocol
#2010137835).

Raw number of unique tests conducted by census tract ranged from 0 to 9,834, with a mean
and standard deviation of 624.6 + 1,167.5. Number of unique positive tests ranged from 0
to 549, with a mean and standard deviation of 21 + 45.4. Average Area Deprivation Index
(ADI) for census tracts ranged from 1.33 to 9.28, with a mean and standard deviation of 5.6
+ 1.48. Percent population food insecure ranged from 8 to 22.5%, with a mean and standard
deviation of 13.7% + 2.7%. Rural-Urban Community Area codes (RUCA) at the census
tract level ranged from 1 to 10, with a mean and standard deviation of 3.1 + 2.8. Percent
population Black ranged from 0 to 59.7%, with a mean and standard deviation of 4.1% +
7.2%. Geographic distributions of model covariates are displayed in Figure 1, where darker
shades of grey indicate higher values.

SARS-CoV-2 testing and positivity rates are shown in Figure 2. Overall, testing rates per
1,000 people appear sporadic with small clusters of high testing spread throughout the state.
Census tracts with abnormally large testing rates (above 1,000 tests per 1,000 persons) (n

= 16) are indicative of communities with populations not counted in census estimates (e.g.
college towns). The coronavirus positivity rate per 1,000 persons clustered primarily in mid-
eastern and southwestern West Virginia. However, other high risk communities were also
identified sporadically throughout the state. In regression analyses, percent food insecurity
(IRR = 3.69*109, 95%Crl = (796, 1.92*106), 2010 RUCA score (IRR=1.28, 95%Cr| =
(1.12, 1.48)), and percent population Black (IRR = 0.88, 95%Crl = (0.84, 0.94)) were

all significantly associated with coronavirus testing. However, only percent food insecurity
(IRR = 5.98 * 10%, 95%Crl = (3.59, 1.07*109)) and percent Black population (IRR = 0.94,
95%Crl = (0.90, 0.97)) displayed substantial effects on the positivity rate of coronavirus
per 1,000 persons tested. A complete listing of parameter estimates for individual model
covariates is provided in Table 1.

Bivariate relationships between coronavirus testing and positivity rates and percent food
insecure and percent Black population are shown in Figure 3. For bivariate maps, higher
testing rates are indicated by lighter shades of red to emphasize areas with limited testing
resources. Alternatively, higher positivity rates are displayed in darker red to indicate
high risk areas. With regard to bivariate relationships, more testing is being conducted in
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communities which have a higher percent food insecure and lower percent Black population.
Similarly, more positive tests (darker shade of red) were found in communities with higher
food insecurity (dark blue), and lower percent Black population (lighter blue).

DISCUSSION

This study identified significant variation between SARS-CoV-2 testing and positivity

with respect to community level food insecurity and percent Black population in West
Virginia. More specifically, results suggest that West Virginia communities with more white
residents living in remote areas had higher test volume and positivity. Recent 2019 American
Community Survey estimates indicated that approximately 12.8% of the U.S. population
identifies as Black Alone [36-37]. In West Virginia, 39 of 485 (8%) of census tracts have
communities exceeding the percent Black Alone national estimates. For these 39 census
tracts the median testing and positivity rate was 10.3 and 0.53 per 1,000 people, which was
lower than the state median testing and positivity rate of 65.7 and 1.26 per 1,000 people
respectively.

Our conclusion of race as a significant predictor of coronavirus testing within communities
is synonymous with previous research [38-39]. Interestingly, Lieberman-Cribbin et al. 2020
and Millet et al. 2020 also found that Black communities and those with lower socio-
economic status had higher coronavirus positivity. This is in contrast to our findings which
suggest no significant association between socio-economic status and a negative association
between percent Black population and test positivity. Differences are potentially attributable
to differences in geographic region, racial/ethnic population composition, or time frame
considered. Another potential explanation for this difference is attributable to screening
biases and the way socio-economic status was regarded. Historically, rural racial minorities
have utilized health services less frequently than their white counterparts [40-41]. Fewer
encounters with Black residents combined with overall lower testing rates could obscure
true positivity rates in rural communities with higher percentages of Black populations.
With regards to socio-economic status (SES), Lieberman-Cribbin et al. 2020 incorporated
seven individual SES variables and Millet et al. 2020 considered three to four. Our study
incorporated the area deprivation index proposed by Singh 2007 to characterize widening
inequalities in U.S. mortality which more comprehensively describes socio-economic status
using twenty-one SES variables. Most importantly, similar conclusions regarding racial
disparities in testing, with differing results on social economic status supports the notion that
adjusting for disparities in income and education does not control for racial inequalities in
healthcare usage or access [42].

Use of testing data as an outcome in regression analyses provided a unique opportunity to
examine test utilization and positivity as opposed to just incidence. However, limitations

to our approach exist. Here we aggregate data such that each person contributes one test
result. Cases were defined as any person who tested positive at least once, and these people
were removed from the number of people who tested negative. This case definition was
potentially prone to misclassification of negative tests due to improperly handled specimens
or if patients were tested too early [43]. While this served the purposes of this ecological
study, lack of longitudinal data, make it difficult to discern whether temporal variation in
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testing impacted vulnerable communities. Additionally, these data provide limited insight
into the available testing infrastructure for individual patients who may have been tested
many times. While this is a potential limitation, total tests in a zip code were not included

as a covariate as testing volume was likely associated with individual level differences

such as occupation and medical comorbidities which were not collected as part of routine
state testing efforts. Other potential limitations are associated with targeted testing in
specific community settings (e.g. universities) as opposed to random or systematic testing
across the state. Biased testing campaigns could lead to higher infection rates among
vulnerable communities given the 30% of people with COVID-19 who appear asymptomatic
throughout infection [44].

CONCLUSION

Despite potential limitations this study identifies significant gaps in testing for vulnerable
and underrepresented groups in West Virginia. Additionally, findings highlight how lower
testing rates among rural minorities potentially bias overall coronavirus test positivity.
Uncertainty regarding true positivity rates among rural minorities adversely impacts public
health response and subsequent delivery of health services to control the ongoing pandemic.
To date the National Guard, WV Department of Health and Human Resources and local
health departments have held targeted testing events in counties with populations of rural
racial minorities. Efforts to expand testing among rural racial minorities have been ongoing
since the start of the WV epidemic [45]. This has included specific testing events for
minorities and other vulnerable populations and development of a COVID-19 Advisory
Commission on African American Disparities [46—47]. Nonetheless, this study suggests that
intensified testing is indicated among Black communities in West Virginia. Further research
is needed to determine the underlying barriers restricting coronavirus testing among Black
communities, and to better understand the role food insecurity in isolated areas has on risk
of SARS-CoV-2 infection.
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Figure 1.
Census Tract Level Model Covariates
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Model Fitted Estimates of Testing and Positivity Rate per 1,000 People
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Figure 3.

Bivariate Maps for testing and positivity rate and covariates were statistically significant in

both modeling approaches.
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Incidence Rate Ratio (IRR) and 95% Credible Intervals (Crl) from the Testing and Positivity Rate Models

Variable | IRR | 95%Crl
Testing Rate Model
Average ADI (within state) 1.31 (0.99, 1.75)

Percent Food Insecure 3.69*10° (796, 1.92*1016) **
2010 RUCA score 1.29 (1.12, 1.48) el
Percent Population Black 0.88

(0.84,0.94)

Positivity Rate Model

Average ADI (within state) 0.98

(0.81,1.18)

Percent Food Insecure 5.98*104 (3.59, 1.07*109) el
2010 RUCA score 1.08 (0.99, 1.18)
Percent Population Black 0.94

(0.90,0.97)

*ok

Indicates substantially influential credible intervals for model covariates.
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