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The Centers for Disease Control and Prevention (CDC)
recently released a list of risk factors for Coronavirus
Disease 2019 (COVID-19). Among those at greatest risk
in the COVID-19 pandemic are people aged 65 and
older,1 severely obese people (BMI � 40),1 those who
are immunocompromised,1 and those who smoke or use
e-cigarettes.2 People with other underlying medical con-
ditions like diabetes,1 high blood pressure,1 and heart
conditions1 are also at greater risk. Given the novel na-
ture of the virus,3 its median incubation period of 5.1
days,3 its temporal overlap with seasonal influenza, and
its basic reproduction number (R0) of 2.2 (each infected
individual is expected to infect 2.2 other individuals4,5),
large-scale testing is of the utmost importance to mitigate
its spread.

COVID-19 appeared in late December 2019 in Wuhan,
Hubei Province, China,5 and in the United States in
January 2020 in the State of Washington.6,7 As of this
writing, COVID-19 has spread to nearly all countries,
been confirmed in all 50 US states, and been declared a
pandemic.8 Given that the virus is expected to be more
infectious than the season flu and its other clinical fea-
tures, the rate of reproduction is likely higher in large,
urban areas due to greater reproductive opportunities af-
forded by denser populations.4 Currently, New York City,
NY; Seattle, WA; and New Orleans, LA are “hot spots”
that are experiencing large case growth rates. However,

little attention is being given to more rural areas of the
country.8

Testing began early on in Washington State, neigh-
boring states, and generally urban areas.8,9 By far, the
largest number of tests have been performed in the ear-
liest infected states, but there remains something to be
examined about the states’ rates of testing. As of March
29, 2020, more than 890,000 tests have been performed
in the United States, yielding—using US Census Bureau
data10 —approximately 2,711 tests per 1,000,000 pop-
ulation. Monnat showed that statewide rates of testing
were inversely related to all-cause mortality rates and to
percent rurality, suggesting that the least healthy, rural
states have the poorest rates of COVID-19 testing.12 We
offer a complementary commentary on the surveillance
of COVID-19 and its risk factors in rural populations. Our
analyses suggest that rural states—ranked higher in spe-
cific risk factors like hypertension,1 obesity,1 diabetes,1

lung cancer,1 and e-cigarette use2 —are performing tests
at lower rates. Moreover, we find that despite these vul-
nerabilities, rural states are detecting disproportionately
fewer cases of COVID-19.

Testing count and result data have been compiled and
aggregated at the state level by the COVID Tracking
Project daily.11 Rate of testing per 100,000 population
and percent of tests positive were calculated for each state
using the total number of tests performed since testing
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Table 1 Spearman Correlations for Test Rate per 100,000, percent positive tests, and risk factors

Hypertension Obesity Diabetes Lung cancer E-Cigarette use

Percent positive tests 0.4218
∗∗

0.1093 0.3469
∗

0.3545
∗

0.1270

Test rate per 100,000 −0.6158
∗∗ ∗ −0.6165

∗∗∗ −0.5464
∗∗∗ −0.3912

∗∗ −0.4167
∗∗

∗P < .05, ∗∗P < .01, ∗∗∗P < .001

Figure 1 Testing and Positive Testing Rates Correlated with Health Risk Factors

Source. The Covid Tracking Project,11 BRFSS 2018,13 and the US Census Bureau.10 Testing rates reflect data collected until March 29, 2020. Only states

at the 1st and 9th decile of testing rate per 100,000 are labeled for sake of visual clarity.

data first became available to March 29, 2020. Estimated
2019 US Census Bureau population values10 were used
to report on a per capita basis and normalize by pop-
ulation size. State-level risk factor data were obtained
from the 2018 Behavioral Risk Factor Surveillance Sur-
vey (BRFSS) dataset.13 Given the fact that testing rates
must be a positive integer and lag in test availability—
yielding lower rates at a greater frequency than higher
ones—a large positive skew (1.47) was observed in the
distribution of testing rates per 100,000 and a non-
parametric approach was deemed appropriate for further
analyses. Spearman’s Rho (ρ) correlation transforms all
values into ranks and is robust to outliers and violations
of normality.14 Therefore, the interpretation of the data
is always in the context of ordinality. All analyses were
performed in JMP Pro 14.15

There were several significant bivariate inverse correla-
tions between ranks of state-level COVID-19 testing rates
per 100,000 and COVID-19 risk factors including hyper-
tension prevalence (ρ = −0.6158, P < .0001), obesity
prevalence (ρ = −0.6165, P < .0001), diabetes prevalence
(ρ = −0.5654, P < .0001), lung cancer prevalence (ρ =
−0.3912, P = .0045), and e-cigarette use (ρ = −0.4167,

P = .0024) (Table 1). However, the percent positive tests
were found to have significant positive bivariate corre-
lations with hypertension prevalence (ρ = 0.4218, P =
.0021), diabetes prevalence (ρ = .3469, P = .0126), and
lung cancer prevalence (ρ = 0.3545, P = .0107). Figure 1
shows the scatterplot matrix of all aforementioned corre-
lations with lines of best fit. It should be emphasized that
despite the inclusion of the line of best fit, this does not
indicate a linear relationship14; rather it suggests there is
a significant tendency for the testing rates per 100,000
to change monotonically with the risk factors and war-
rants further analyses. States ranked higher in prevalence
of specific COVID-19 risk factors (hypertension, diabetes,
and lung cancer) are ranked significantly higher in per-
cent positive tests and simultaneously ranked lower in
overall testing rates. Taken together, these results suggest
that current COVID-19 surveillance is not capturing med-
ically vulnerable populations effectively. Testing is vital in
rural areas as it is clear that the population there will be
more susceptible to the virus, its symptoms, and its fatal
outcomes.

Rural-urban disparities in COVID-19 testing rates
only exacerbate the surveillance of an already clinically
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evasive,3,5 novel virus.8 Considering the greater travel
distance and diminishing capacities of rural hospitals16 —
and that rural physicians tend to be older17 and at greater
risk themselves—residents of rural areas face unique and
complex challenges beyond those experienced in urban
areas. Given our analyses we advocate for expanded
testing in rural areas. Currently, testing availability and
screening criteria vary widely by state.9,17 Large dis-
crepancies in percent positive tests suggest that specific
states with higher rates of positive tests may require
a greater degree of screening certainty before tests are
performed. Considering the clinical features of the virus
and its incubation period,1-4 current testing policies may
be failing to detect asymptomatic cases at an effective
rate. Underreporting of the incidence of COVID-19 could
lead to a false sense of security among rural populations
and lead to neglect of safety guidelines recommended
by the CDC.18 Granted, case counts are expected to be
lower in rural areas due to lower population density, but
there is greater potential for the medically vulnerable
among rural populations to succumb to the virus at
the burdensome nexus of underlying conditions,1 lack
of access to care,16 and dwindling resources and then
ultimately contribute to significant disparities in COVID-
19 mortality. Finally, more complete knowledge about
the size and scope of the pandemic is vital to ensure
an effective allocation of resources and assistance. A
continued lack of effective surveillance in rural areas has
the potential to allow the virus to be transmitted among
asymptomatic individuals within the incubation period3

and spread the virus into surrounding urban areas and
hinder broader mitigation efforts.17,18
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