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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 socioeconomic status). 

Results: Small clusters in coronavirus testing were detected sporadically, while test positivity clustered in 

mideastern and southwestern WV. In regression analyses, percent food insecurity (IRR = 3.69 ×10 9 , [796, 

1.92 ×10 16 ]), 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 4 , [3.59, 

1.07 ×10 9 ]) 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 minori- 

ties. Limited testing in these communities may misrepresent coronavirus incidence. 

© 2021 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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COVID-19, novel coronavirus SARS-CoV-2, is a highly infectious 

irus transmitted primarily by respiratory particles [1] . In the 

nited States alone, there have been 29,769,325 total cases and 

41,289 deaths as of March 24, 2021 [2] . In the absence of a vac-

ine, preventive measures, such as social distancing, are routinely 

pplied to mitigate risk of infection and lower financial impact 
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f the pandemic [3] . While effective, communities maybe unable 

o practice social distancing when faced with higher disparities 

n social determinants of health [4–6] . In particular, studies have 

uggested that communities with lower socioeconomic status and 

igher racial/ethnic diversity are at increased risk of inability to 

ocial distance resulting in overall higher risk of infections [7–8] . 

Adverse impacts of socioeconomic and racial inequalities are 

otentially worsened in rural areas. Rural communities often have 

ore limited access to healthcare, higher levels of food insecurity 

nd poverty, and observe overall higher prevalence of pre-existing 

onditions that can impact severity of COVID-19 infection [ 4–5 , 

–11 ]. Among U.S. COVID-19 cases requiring hospitalization, 57.2% 

ad hypertension, 48% were classified as obese, and 32.2% had car- 
 under the CC BY-NC-ND license 

https://doi.org/10.1016/j.annepidem.2021.03.009
http://www.ScienceDirect.com
http://www.annalsofepidemiology.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.annepidem.2021.03.009&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:bmhendricks@hsc.wvu.edu
https://doi.org/10.1016/j.annepidem.2021.03.009
http://creativecommons.org/licenses/by-nc-nd/4.0/


B. Hendricks, R. Paul, C. Smith et al. Annals of Epidemiology 59 (2021) 44–49 

d

a

r

v

g

l

a

c

g

C

h

s

2

i

o

t

a

m

t

i

t

b

b

u

n

w

W

t

t

s

s

m

a

n

C

v

m

M

D

i

W

d

i

s

i

r

t

t

o

s

s

s

z

w

a

fi

t

A

p

c

i

e

p

t

u

A

p

a

m

c

s

u

c

S

e

(

i

a

c

e

s

3

i

s

i

i

R

e

i

t

s

v

p

R

R

r

6

5

A

9

p

s

c

a

B

o

d

v

O

c

w

p

t

c

i

h

o

(

iovascular disease [12] . Historically, rural Appalachian states, such 

s West Virginia, have not been regarded as having highly diverse 

acial/ethnic populations. Recent 2019 American Community Sur- 

ey (ACS) estimates indicate that approximately 3.7% of West Vir- 

inia’s resident population is Black/African American [13] . Despite 

ower diversity across the state as a whole, specific communities 

re experiencing racial/ethnic growth in rural areas [14] . These 

lusters of diverse rural communities face unique challenges re- 

arding social vulnerability to COVID-19. For example, McDowell 

ounty in the southern coalfields of West Virginia has the second 

ighest percent Black population at 8.4%, and is ranked as the most 

ocially vulnerable county in WV to COVID-19 as of October 10, 

020, according to CDC [ 13 , 15 ]. 

Geographic information systems (GIS) and spatial analyses are 

deally suited to identify geographic variation and spatial drivers 

f SARS-CoV-2 infection risk [16–20] . Studies have compared spa- 

ial autoregressive model performance to ordinary least squares 

pproaches and found that incorporating spatial effects improves 

odel fit [21] . While these basic approaches provide a founda- 

ion for more rigorous studies, they lack the technical complex- 

ty to accurately assess risk of disease when case sizes are small, 

hereby limiting their use in rural communities [16] . More ro- 

ust methods, such as Bayesian Hierarchical Spatial Modeling, have 

een employed for more accurate risk estimation in rural versus 

rban areas [22] . Paul et al. 2020 found that prevalence of coro- 

avirus increased in rural areas over time, particularly in counties 

ith higher Black, obese, and/or cigarette smoker populations [22] . 

hile these results support previous data regarding the associa- 

ion between risk of coronavirus and social determinants of health, 

hey are highly aggregate, potentially masking community-level as- 

ociations. Additionally, the use of case data potentially introduces 

ignificant time lags between testing and reporting. 

The objective of this study is to perform a granular spatial 

odel to identify factors adversely affecting SARS-CoV-2 testing 

mong rural communities. Findings will identify high risk commu- 

ities and vulnerable populations in West Virginia in whom SARS 

oV-2 testing should be intensified. Additionally, this study pro- 

ides new insights related to coronavirus testing coverage in rural 

inority populations. 

ethods 

ata management 

Zip code level coronavirus polymerase chain reaction (PCR) test- 

ng data were obtained for March to September 2020 from the 

est Virginia Health and Human Resources (WVDHHR). Testing 

ata contained fields for unique patient identifier, zip code of res- 

dence, date of collection, type of test, and test result. Inconclu- 

ive testing results were removed from analyses. Raw data were 

mported into R software [23] and aggregated such that each row 

epresented a unique person who tested either positive or nega- 

ive. Patients who received multiple tests were regarded as nega- 

ive if no test was positive. Alternatively, patients who had at least 

ne positive test were regarded as positive, and not counted in per- 

ons who had always tested negative to ascertain total unique per- 

ons tested and proportion which tested positive. Data were con- 

olidated once more to aggregate unique patient testing data to 

ip code of residence over the study period. Zip code level data 

ere visualized in ArcMap 10.5 (ESRI Redlands, CA) as centroids 

nd spatially joined to a 2010 West Virginia Census Tracts shape- 

le [24–25] . 

Census tract human testing data were joined with 2018 census 

ract population estimates, and percent population Black/African 

merican, as well as percent population food insecure, Area De- 

rivation Index (ADI), and Rural-Urban Communizing Area (RUCA) 
45 
odes by tract identification number (GEOID) [26–29] . Percent food 

nsecure data were de-aggregated from the county-level such that 

very census tract in a county was assigned the same county level 

ercent food insecure. Area deprivation indices (ADI) available at 

he census block group level, were aggregated to census tract level 

sing spatial join in ArcMap to estimate average ADI within tracts. 

rea deprivation indices ranged from 1 to 10 for within state com- 

arisons, with higher scores indicating more disadvantage [29] . As 

 result, higher values of the average ADI for a tract also indicated 

ore disadvantage. State and national ADI scores have been in- 

orporated to describe neighborhood disadvantage in past health 

tudies [30-31] . Tract level RUCA codes were regarded as contin- 

ous data ranging from 1 to 10, with higher scores indicating in- 

reasing rurality [27] . 

tatistical analysis 

Separate census tract level Bayesian hierarchical models were 

mployed to identify associations between the dependent variables 

SARS-CoV-2 testing and positivity rate) and model covariates us- 

ng the R-INLA package [32] . In both instances, models employed 

 BYM model for Poisson log-normal approximation for our out- 

ome, and adjustment for correlated and uncorrelated spatial het- 

rogeneity [33] . Mathematical specifications for spatial BYM Pois- 

on regression models have been described elsewhere in detail [ 22 , 

4–35 ]. Model offsets included census tract level population (test- 

ng rate model) and total unique tests (positivity rate model) re- 

pectively. Effects of covariates were assessed using 95% credible 

ntervals (CrI). An interval including zero indicates the correspond- 

ng covariate is not influential. Priors for both models conducted in 

-INLA were fixed (mean = 0, precision = 0.001). Model parameter 

stimates were exponentiated to calculate incidence rate ratios for 

nterpretation of substantial effects from covariates on coronavirus 

esting and positivity rates [22] . Bivariate maps were created to vi- 

ualize associations between outcomes and statistically significant 

ariables using choropleth and color graduated symbols. The study 

rotocol was approved by the West Virginia University Institutional 

eview Board (Protocol # 2,010,137,835). 

esults 

Raw number of unique tests conducted by census tract 

anged from 0 to 9834, with a mean and standard deviation of 

24.6 ± 1167.5. Number of unique positive tests ranged from 0 to 

49, with a mean and standard deviation of 21 ± 45.4. Average 

rea Deprivation Index (ADI) for census tracts ranged from 1.33 to 

.28, with a mean and standard deviation of 5.6 ± 1.48. Percent 

opulation food insecure ranged from 8 to 22.5%, with a mean and 

tandard deviation of 13.7% ± 2.7%. Rural-Urban Community Area 

odes (RUCA) at the census tract level ranged from 1 to 10, with 

 mean and standard deviation of 3.1 ± 2.8. Percent population 

lack ranged from 0 to 59.7%, with a mean and standard deviation 

f 4.1% ± 7.2%. Geographic distributions of model covariates are 

isplayed in Figure 1 , where darker shades of gray indicate higher 

alues. 

SARS-CoV-2 testing and positivity rates are shown in Figure 2 . 

verall, testing rates per 10 0 0 people appear sporadic with small 

lusters of high testing spread throughout the state. Census tracts 

ith abnormally large testing rates (above 10 0 0 tests per 10 0 0 

ersons) ( n = 16) are indicative of communities with popula- 

ions not counted in census estimates (e.g. college towns). The 

oronavirus positivity rate per 10 0 0 persons clustered primarily 

n mideastern and southwestern West Virginia. However, other 

igh risk communities were also identified sporadically through- 

ut the state. In regression analyses, percent food insecurity 

IRR = 3.69 ×10 9 , 95%Crl = [796, 1.92 ×10 16 ]), 2010 RUCA score 
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Fig. 1. Census tract level model covariates. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 2. Model fitted estimates of testing and positivity rate per 10 0 0 people. (For interpretation of the references to color in this figure legend, the reader is referred to the 

Web version of this article.) 

46 
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Fig. 3. Bivariate Maps for testing and positivity rate and covariates were statistically significant in both modeling approaches. (For interpretation of the references to color 

in this figure legend, the reader is referred to the Web version of this article.) 

Table 1 

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 9 (796, 1.92 ×10 16 ) ∗∗

2010 RUCA score 1.29 (1.12, 1.48) ∗∗

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 ×10 4 (3.59, 1.07 ×10 9 ) ∗∗

2010 RUCA score 1.08 (0.99, 1.18) 

Percent population Black 0.94 (0.90, 0.97) ∗∗

∗∗Indicates substantially influential credible intervals for model co- 

variates. 
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IRR = 1.28, 95%Crl = [1.12, 1.48]), and percent population Black 

IRR = 0.88, 95%Crl = [0.84, 0.94]) were all significantly associ- 

ted with coronavirus testing. However, only percent food inse- 

urity (IRR = 5.98 × 10 4 , 95%Crl = [3.59, 1.07 ×10 9 ]) and percent

lack population (IRR = 0.94, 95%Crl = [0.90, 0.97]) displayed sub- 

tantial effects on the positivity rate of coronavirus per 10 0 0 per- 

ons tested. A complete listing of parameter estimates for individ- 

al model covariates is provided in Table 1 . 
47 
Bivariate relationships between coronavirus testing and positiv- 

ty rates and percent food insecure and percent Black population 

re shown in Figure 3 . For bivariate maps, higher testing rates are 

ndicated by lighter shades of red to emphasize areas with lim- 

ted testing resources. Alternatively, higher positivity rates are dis- 

layed in darker red to indicate high risk areas. With regard to bi- 

ariate relationships, more testing is being conducted in communi- 

ies which have a higher percent food insecure and lower percent 

lack population. Similarly, more positive tests (darker shade of 

ed) were found in communities with higher food insecurity (dark 

lue), and lower percent Black population (lighter blue). 

iscussion 

This study identified significant variation between SARS-CoV-2 

esting and positivity with respect to community level food inse- 

urity and percent Black population in West Virginia. More specif- 

cally, results suggest that West Virginia communities with more 

hite residents living in remote areas had higher test volume and 

ositivity. Recent 2019 American Community Survey estimates in- 

icated that approximately 12.8% of the U.S. population identifies 

s Black Alone 

[36–37] . In West Virginia, 39 of 485 (8%) of census tracts have 

ommunities exceeding the percent Black Alone national estimates. 

or these 39 census tracts the median testing and positivity rate 
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as 10.3 and 0.53 per 10 0 0 people, which was lower than the state

edian testing and positivity rate of 65.7 and 1.26 per 10 0 0 people

espectively. 

Our conclusion of race as a significant predictor of coronavirus 

esting within communities is synonymous with previous research 

38–39] . Interestingly, Lieberman-Cribbin et al. 2020 and Millet 

t al. 2020 also found that Black communities and those with 

ower socioeconomic status had higher coronavirus positivity. This 

s in contrast to our findings which suggest no significant asso- 

iation between socioeconomic status and a negative association 

etween percent Black population and test positivity. Differences 

re potentially attributable to differences in geographic region, 

acial/ethnic population composition, or time frame considered. 

nother potential explanation for this difference is attributable to 

creening biases and the way socioeconomic status was regarded. 

istorically, rural racial minorities have utilized health services 

ess frequently than their white counterparts [40–41] . Fewer en- 

ounters with Black residents combined with overall lower test- 

ng rates could obscure true positivity rates in rural communities 

ith higher percentages of Black populations. With regards to so- 

ioeconomic status (SES), Lieberman-Cribbin et al. 2020 incorpo- 

ated seven individual SES variables and Millet et al. 2020 consid- 

red three to four. Our study incorporated the area deprivation in- 

ex proposed by Singh 2007 to characterize widening inequalities 

n U.S. mortality which more comprehensively describes socioe- 

onomic status using twenty-one SES variables. Most importantly, 

imilar conclusions regarding racial disparities in testing, with dif- 

ering results on social economic status supports the notion that 

djusting for disparities in income and education does not control 

or racial inequalities in healthcare usage or access [42] . 

Use of testing data as an outcome in regression analyses pro- 

ided a unique opportunity to examine test utilization and positiv- 

ty as opposed to just incidence. However, limitations to our ap- 

roach exist. Here we aggregate data such that each person con- 

ributes one test result. Cases were defined as any person who 

ested positive at least once, and these people were removed from 

he number of people who tested negative. This case definition was 

otentially prone to misclassification of negative tests due to im- 

roperly handled specimens or if patients were tested too early 

43] . While this served the purposes of this ecological study, lack 

f longitudinal data, make it difficult to discern whether temporal 

ariation in testing impacted vulnerable communities. Additionally, 

hese data provide limited insight into the available testing infras- 

ructure for individual patients who may have been tested many 

imes. While this is a potential limitation, total tests in a zip code 

ere not included as a covariate as testing volume was likely as- 

ociated with individual level differences such as occupation and 

edical comorbidities which were not collected as part of routine 

tate testing efforts. Other potential limitations are associated with 

argeted testing in specific community settings (e.g., universities) 

s opposed to random or systematic testing across the state. Biased 

esting campaigns could lead to higher infection rates among vul- 

erable communities given the 30% of people with COVID-19 who 

ppear asymptomatic throughout infection [44] . 

onclusion 

Despite potential limitations this study identifies significant 

aps in testing for vulnerable and underrepresented groups in 

est Virginia. Additionally, findings highlight how lower testing 

ates among rural minorities potentially bias overall coronavirus 

est positivity. Uncertainty regarding true positivity rates among 

ural minorities adversely impacts public health response and sub- 

equent delivery of health services to control the ongoing pan- 

emic. To date the National Guard, WV Department of Health and 

uman Resources and local health departments have held targeted 
48 
esting events in counties with populations of rural racial minori- 

ies. Efforts to expand testing among rural racial minorities have 

een ongoing since the start of the WV epidemic [45] . This has in-

luded specific testing events for minorities and other vulnerable 

opulations and development of a COVID-19 Advisory Commission 

n African American Disparities [46–47] . Nonetheless, this study 

uggests that intensified testing is indicated among Black commu- 

ities in West Virginia. Further research is needed to determine 

he underlying barriers restricting coronavirus testing among Black 

ommunities, and to better understand the role food insecurity in 

solated areas has on risk of SARS-CoV-2 infection. 
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