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Abstract
The 2019 coronavirus disease (COVID-19) has exacerbated inequality in the United States of America (USA). Black, indige-
nous, and people of color (BIPOC) are disproportionately affected by the pandemic. This study examines determinants of
COVID-19 case fatality ratio (CFR) based on publicly sourced data from January 1 to December 18, 2020, and
sociodemographic and rural-urban continuum data from the USCensus Bureau. Nonspatial negative binomial Poisson regression
and geographically weighted Poisson regression were applied to estimate the global and local relationships between the CFR and
predictors—rural-urban continuum, political inclination, and race/ethnicity in 2407 rural counties. The mean COVID-19 CFR
among rural counties was 1.79 (standard deviation (SD) = 1.07; 95% CI 1.73-1.84) higher than the total US counties (M = 1.69,
SD = 1.18; 95% CI: 1.65-1.73). Based on the global NB model, CFR was positively associated with counties classified as
“completely rural” (incidence rate ratio (IRR) = 1.24; 95% CI: 1.12-1.39) and “mostly rural” (IRR = 1.26; 95% CI: 1.15-1.38)
relative to “mostly urban” counties. Nonspatial regression indicates that COVID-19 CFR increases by a factor of 8.62, 5.87, 2.61,
and 1.36 for one unit increase in county-level percent Blacks, Hispanics, American Indians, and Asian/Pacific Islanders, respec-
tively. Local spatial regression shows CFR was significantly higher in rural counties with a higher share of BIPOC in the
Northeast and Midwest regions, and political inclination predicted COVID-19 CFR in rural counties in the Midwest region. In
conclusion, spatial and racial/ethnic disparities exist for COVID-19 CFR across the US rural counties, and findings from this
study have implications for public health.
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Introduction

Although abundant medical and scientific reports were pub-
lished following the previous severe acute respiratory syn-
drome coronavirus (SARS-CoV) outbreaks in 2003/2004 [1]
and the 2019 novel coronavirus disease (COVID-19), there is
a lack of up-to-date study on the rural-urban continuum and

racial disparity of case fatality ratio (CFR) in the United States
of America (USA). Furthermore, a comprehensive empirical
study on determinant factors predicting the local disparity of
CFR for different geographic units in the USA is presently
scarce. This study defines CFR as the ratio of deaths from
COVID-19 and confirmed total COVID-19 cases in 2020 to
indicate disease severity [2, 3]. Hard outcomes such as the
CFR are critical not only for determining the severity of a
disease but also for formulating intervention strategies and
policies from a public health perspective. It is important to
note that CFR is different from the mortality rate.1 While
mortality rate reflects the total number of deaths scaled to
the size of population, not everyone is equally exposed to
the disease [4, 5]. CFR, however, measures the severity of a

1 Mortality rate is calculated based on the total population in a geographic area,
such as a county, state, or a country. Hence, CFR is determined based on those
who were tested and confirmed positive. The related issue has been discussed
by Spychalski et al. [4].
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disease, an essential aspect of the health outcomes from med-
ical treatment and health management of COVID-19 cases.
Spatial analysis of CFR is essential to understand the geo-
graphic disparity and potential underlying factors that might
contribute to the spatial patterns of health outcomes of
COVID-19 cases, particularly in rural counties.

The USA presently has the highest officially reported
cases and death from COVID-19 [6], and COVID-19 and
the US COVID-19 index case was reported on January 20,
2020, while the first coronavirus death was reported on
February 29, 2020 [7]. Since the recent outbreak of
COVID-19 in China, the virus has diffused to over 210
countries and territories, infecting over 75 million people
with 1,699,039 deaths as of December 20, 2020, making it
one of the deadliest the world has ever seen [8, 9]. In the
USA, COVID-19 had infected over 19 million and killed
over 330,000 people by Christmas day, 2020. Like other
deadly infectious diseases, eradicating COVID-19 is ex-
tremely difficult considering the human population as its
possible host [1]. As of writing this paper, a few antiviral
vaccines have been successfully developed and approved,
but the distribution and the longtime efficiencies are not
readily determined. As of December 20, 2020, the daily
US CFR was 1.78%, lower than the global rate (2.2%) but
higher than CFR in Germany (1.5%) and India (1.5%) [10].
However, there is a stark variation of CFR within the
country—at different administrative regions (e.g., states,
counties, cities, rural-urban). This study examines the geo-
graphic variations of COVID-19 CFR, prioritizing US rural
counties.

Previous COVID-19 studies have shown that COVID-19
disproportionately affects rural communities with a high per-
centage of minority racial/ethnic groups [11–14]. Following
recent studies that focus on the disparity in COVID-19 burden
by race and ethnicity in rural areas, this paper examined racial
heterogeneity in COVID-19 CFR in the USA. We used data
from public sources between January 1 and December 18,
2020, to unpack the current evidence of a racial and geograph-
ic disparity as well as political inclination on the fatality ratio
in the USA. There are several reasons to consider health dis-
parity in rural settings during a pandemic, including scarce
resources for resilience and recovery. Rural communities gen-
erally have low access to health care due to the low population
density that can sustain the most needed health care resources
(e.g., doctors, specialist health facilities) [15].

Determinants of COVID-19 Disparity

Fatality arising from COVID-19 in the USA is determined by
several contextual (rural/intermediate/urban, college town/
noncollege town, presence of institutions such as prisons,
nursing homes) [13] and compositional (racial composition,

age, sex) factors. This pattern has been explained using the
social determinants of health (SDOH) framework in several
studies, including research on COVID-19 [16–18]. The urban
areas are often the focus of many studies and public health
interventions. Although the virus incidence was highest in the
dense and populated urban centers (e.g., New York, Los
Angeles-California), the epidemic has also spread outside of
big cities [19] with possibly important implications for the
evolution of the reproduction number (Rt) and increased mor-
tality in rural areas.

Substantial evidence on the role of SDOH in understanding
COVID-19 health disparity has been documented in the liter-
ature. Seligman et al. [20] linked data from the National
Health and Nutrition Examination Survey (NHANES) and
publicly reported data on COVID-19 deaths from the public
health agencies of the USA, China, the UK, Spain, Italy, and
France to examine the role of SDOH on COVID-19 deaths
among randomly sample individuals from the NHANES.
They analyzed the distributions of COVID-19 deaths by
race/ethnicity, income, education level, and veteran status.
Their results show large social gradients in COVID-19 mor-
tality. Notably, adults from households earning less than the
median income made up two-thirds (67.7%) of COVID-19
deaths, while those with less than a high school education
accounted for approximately 1 in 4 deaths. Compared to
White, a higher magnitude of death (54.8%) occurred among
nonWhite races/ethnicities [20].

The current geographic disparities in COVID-19-
related deaths and infection rates can, to a large extent,
be related to the variation in the non-pharmaceutical in-
terventions (NPIs) adopted by the different state and local
governments [21]. Examples of NPIs include stay-at-
home, social distancing, institutional lockdown (e.g.,
schools), ban of domestic and international travel, volun-
tary isolation, and compulsory suspected case quarantine.
These measures differ across different regions and equally
reinforce variances in the epidemiological outcomes (e.g.,
attack and mortality rates). The degree of implementation
of various non-pharmaceutical measures and the level of
effective reproduction number (Rt) at the time of the in-
tervention determine the corresponding suppression rate,
that is, the average number of people each infected person
can spread the virus to. New evidence of NPIs indicates a
significant aversion in the supposed death rate, depending
on the responsiveness of the government of a country, a
state, or a county. In the USA, evidence of early imple-
mentation of non-pharmaceutical measures was recorded
in California as opposed to places like New York, New
Jersey, and Massachusetts.

Since the disease outbreak, several attempts have been
made to investigate factors driving the variability of
COVID-19 infection, mortality rate, and CFR at different geo-
graphic scales using different approaches [11, 21–25]. A
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multicountry study shows that the political regime, economic
parameters, chronic health conditions, behavioral factors (e.g.,
smoking), and demography are associated with CFR variation
among countries [22]. Similarly, Khan et al. [25] used nega-
tive binomial regression to determine country-level case fatal-
ity rate from COVID-19 in 86 countries. They reported that
higher health care capacity was related to lesser case fatality
with every additional unit increase in the health care capacity
index associated with a 42% decrease in the case fatality.
Perone [26] used ordinary least squares regression in Italy
and found that the aging population, car and firm density, air
pollutant concentrations, relative average humidity, COVID-
19 prevalence, and health system saturation were significant
drivers of CFR. In New York state, Ge, Sun, and Shen [26]
performed subgroup analysis among patients with hyperten-
sion and diabetes by age and calculated the CFR and relative
ratio (RR) for ages of 18–44, 45–64, and 65+ years using
simple linear regression. The authors found that the older pop-
ulation had a higher CFR, but the elevated RRs associated
with comorbidities are more pronounced among the younger
population. However, as far as we know, none of these studies
considered rural-urban disparity and racial/ethnic heterogene-
ity in the analysis of COVID-19 CFR. Specifically, a limited
study in the USA has examined the spatial variation of
COVID-19 CFR and their determinants. Hence, there is a
need for a preliminary study to show the geographic distribu-
tion of CFR in the USA, particularly in nonmetropolitan areas.

Using geospatial methods, Anderson et al. [24] analyzed
the spatial determinants of local COVID-19 transmission
among US counties. Based on cluster analysis, COVID-19
hotspots were predominant in New England and the US’s
Southeast and Southwest regions. Spatial lag regression
showed that living in urban areas, micropolitan areas, or small
towns and a higher proportion of Black individuals and non-
English speakers were significant predictors of spatial patterns
of COVID-19 cases. At the same time, a higher proportion of
Black individuals and persons living with a disability were
significant predictors of COVID-19 infection [24]. To test
for the validity of the spatial lag, the authors performed a
mixed-effect model. They observed that significant predictors
of deaths and cases in the county-level spatial lag model
remained significant at the state level despite variability in
social distancing behaviors, stay-at-home mandates, and
funding for assistance programs such as Medicaid. Sun et al.
[23] analyzed the geographic distribution and determinants of
COVID-19 period prevalence and showed that the county-
level racial/ethnic composition is important in determining
the period prevalence. Notably, percent Black and Hispanics
had the highest contribution relative to percent White.

Possible ways the pandemic is linked to the political milieu
have been explained in a recent study [14]. Central to the 2020
election campaign was how to control and possibly eradicate
the pandemic in the USA. During the election campaign by

different political parties across the country, different NPI im-
plementation strategies and public health protocols were
adopted, including wearing face masks. However, not all
parties adhere to face masks’ use, as recommended by the
Centers for Disease and Prevention (CDC) during political
meetings [27]. Furthermore, to reduce the infection rate during
the last US elections, voting by mail was largely supported by
the Democratic party, while the Republican party preferred in-
person voting due to the fear of vote suppression [28]. It turned
out that more people opted for mail by ballot than ever recorded
in the history of the American election. Thoughmail by ballot is
not new, the outgoing administration was very critical of it.

High population density is one of the risk factors of disease
transmission in urban areas because such places usually ex-
hibit high socio-spatial and economic interactions.
Unfortunately, earlier health geographical evidence on earlier
pandemics’ evolution has not fully supported this assertion
[29, 30]. An ecological study examined the spatial disparities
in COVID-19 cases and deaths using several predictors, in-
cluding population density in 2814 US counties [19]. The
study argues that high population density not necessarily in-
dicates a disease hotspot. For instance, the study found that
although Detroit and New Orleans metropolitan areas were
ranked lower in terms of population, they had one of the larg-
est hotspots. Los Angeles and Chicago, on the other hand,
were ranked as the second and third largest metropolitan areas,
respectively, in the study unexpectedly ranked lower in terms
of infections and deaths relative to their population rankings
[19]. However, regression analysis confirmed that population
density was a significant determinant of infections and death
across counties in the USA. Meanwhile, when they subjected
their analysis to a sensitivity test, population density became
an insignificant predictor for infections, and the model ex-
plained less than 1% of the variations of infections in rural
data alone. The authors concluded that population density is
less likely to be a risk factor for rural counties because rural
areas generally have much lower population densities.

While rural communities in the USA are predominantly
White, evidence has shown that the minority racial/ethnic
groups suffer the worst health outcomes [31, 32]. For exam-
ple, using national survey data from 1936 to 2016, Singh et al.
[16] found that life expectancy (LE) in the USA increased
substantially among the general population, but it was lowest
among African Americans. The Black infant mortality rate
was 2.3 times higher than in White infants, and infant/child
mortality was exceptionally higher in rural areas and poor
communities. Among the adult population, the study also
showed that racial/ethnic, socioeconomic, and geographic dis-
parities manifested in mortality and morbidity from cardiovas-
cular disease, cancer, diabetes, COPD, HIV/AIDS, homicide,
psychological distress, hypertension, smoking, obesity, and
access to quality health care [16]. Evidence in the USA has
also shown that the disparity gap widens over time. In an
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earlier analysis of rural-urban disparity in LE, researchers not-
ed that rural poor and rural Blacks experienced survival prob-
abilities that urban rich and urban Whites enjoyed more than
four decades earlier [33].

A racial disparity is also more exacerbated by COVID-
19. According to a recent report, COVID-19 decreased the
LE in the USA by one full year by the middle of 2020 of
which it was greater for non-Hispanic Black and Hispanic
populations [34]. For example, the gap in LE between
non-Hispanic white and Black people widened from 4.1
years in 2019 to six years in the first half of 2020. The
report indicates that LE at birth for the total U.S. popula-
tion declined from 78.8 years in 2019 to 77.8 years for
January through June 2020. During that same time period,
LE for non-Hispanic Black people declined by 2.7 years
(74.7 to 72), 1.9 years for Hispanic individuals (81.8 to
79.9), and by 0.8 years for non-Hispanic white people
(78.8 to 78).

In a recent study, Peters [12] reported that about one-
third of rural counties in the USA are highly susceptible
to COVID-19. The author operationalized susceptibility
as the proportion of older and health-compromised popu-
lations and care facilities for the elderly. The author de-
fined high rural vulnerabilities based on the fewer physi-
cians, lack of mental health services, higher disability, and
proportion of uninsured poor minority rural residents. He
further emphasized that poor Internet access limits tele-
medicine, and encroachment of social capital and social
services may hinder the local pandemic recovery rate in
vulnerable communities. Environmental justice literature
also found that Hispanics/Latino communities experience
highly segregated communities and are likely to be ex-
posed to environmental insults, in addition to the current
disparity in COVID-19 death and hospitalization [35–38].

Given the background, it is crucial to investigate the
rural-urban continuum variation of COVID-19 CFR to in-
form socio-health policies and reduce inequality. Based on a
priori knowledge, it is hypothesized that CFR will vary geo-
graphically depending on the heterogeneous compositional
and contextual characteristics of counties. We also hypoth-
esized that political inclination would impact the variation
in COVID-19 CFR. However, the rate at which data on
COVID-19 is unfolding makes epidemiological study a
daunting task at the moment. As a result, we used 354 days
of data between January 1 and December 18, 2020, to cover
a whole pandemic year. This study has three specific re-
search objectives. First, it investigates the COVID-19 case
fatality ratio’s distribution and predictors based on the rural-
urban continuum. Second, it examines the effect of racial
composition in the distribution of COVID-19 case fatality
ratio in rural counties only. Lastly, it examines the probable
effect of political inclination in the predictions of COVID-
19 case fatality ratio.

Methods

The present study is a cross-sectional examination of the
COVID-19 case fatality ratio (CFR) in the USA, and the unit
of analysis is the county level. The study is a conditional
estimation of COVID-19 CFR based on the confirmed cases
and death from COVID-19 from January 1 to December 18,
2020.

Data and Measures

Data for this study were from publicly available sources: the
New York Times and US Census Bureau. COVID-19 data are
drawn from the New York Times database [39], updated daily
with reports from public health authorities around the country.
The New York Times compiles time-series data from state and
local governments and health departments to provide a com-
plete record of the ongoing outbreak. Since January, the
Times has tracked cases of coronavirus in real time as they
were identified after testing. The data reported at the county
level used here include the number of new confirmed cases
and deaths each day in each county. The total infection of
COVID-19 in all the US counties, including Puerto Rico, from
January 1 to December 18, 2020, was 17,451,388, with a total
death of 311,812 being reported.

Dependent Variable

The dependent variable, case fatality ratio (CFR), was calcu-
lated based on the World Health Organization’s [3] definition
of CFR as the proportion of individuals diagnosed with
COVID-19 who died from the disease (Eq. 1).

Case fatality ratio;CFR

¼ number of deaths from COVID−19
number of confirmed cases of COVID−19

� 100 ð1Þ

Independent Variables

Rurality, the main independent variable, was determined
based on the 2010 Decennial Census; the Bureau reported a
proportion of each county’s population that lived in a rural
area [13]. The determination of the rural-urban continuum
follows the US Bureau’s categorization of counties: (1)
completely rural (100%), (2) mostly rural (50-99.9%), and
(3) mostly urban (≤50% rural). According to another pub-
lished work that used the data [13], counties with 50% ormore
rural population are referred to as “rural.” Race/ethnic com-
position was the second independent variable. All county pop-
ulation data, including race/ethnicity composition, are 2018
estimates from the US Census Bureau [40].
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Covariates

Other covariates include the county population density calcu-
lated as residents per square mile, using the 2019 Census
Bureau’s land area estimates. Note that two counties, Oglala
Lakota, SD, and the Kusilvak Census Area, AK, are not in-
cluded in the Census file, but their land areas were retrieved
fromWikipedia. A master file and the code for generating and
compiling the data are available from [41]. Data on the 2020
Presidential Election at the county-level were retrieved from
Politico [42].

Data Analysis

Univariate analysis was used to present the descriptive analy-
sis, and analysis of variance was used to determine the rural-
urban variation of CFR. Because of the dependent variable
examined here, the case fatality ratio follows a Poisson distri-
bution, and a negative binomial (NB) Poisson model was pre-
ferred to assess the relationship between the standardized ratio
presented in Eq. 1 and some selected predictors following
previous studies that have applied Poisson models to estimate
disease rates such as mortality rates from diseases [43, 44].
The predictors were selected based on the existing rural health
literature, particularly from recent studies on the COVID-19
disparity in the USA [29, 30, 35]. In the first analysis, the
primary independent variable was the rural-urban continuum
described above. Political inclination was operationalized as
the percentage of votes at the county level for the twoUS 2020
presidential candidates (Joe R. Biden of the Democratic party
(reference) vs. President Donald J. Trump of the Republican
party) to determine the disparity in the rural-urban case fatality
ratio. Three models were developed. Model 1 included only
the rural-urban categorical variable, and the areas categorized
as mostly urban were used as a reference category. Model 2
included all the variables in model 1 plus the political inclina-
tion variable. Model 3 included all the variables in model 2
plus racial/ethnic compositions (percent non-Hispanic Black
alone, percent Hispanics, percent American Indian alone, per-
cent Asian/Pacific Island), county-level household median in-
come, and population density. In addition, we conducted a
sensitivity analysis to show the impact of the 2-week increase
in cases and deaths from COVID-19 on the variation of
county-level CFR of COVID-19.

To examine the racial disparity in COVID-19 case fatality
ratio in rural areas, we subset our data to counties classified as
rural (mostly or completely rural, 50-100). Model 1 included
racial/ethnic composition as the primary independent variable.
Model 2 included all variables plus political inclination while

controlling for household income and population density. The
standardized scores2 of household income, population densi-
ty, racial/ethnic composition, and political inclination vari-
ables were used for straightforward comparison. We reported
the model effects using the incidence rate ratio (IRR) and their
associated 95% confidence intervals (CI). All nonspatial anal-
yses were conducted in SPSS version 20 [45].

Spatial Analysis of Rural Case Fatality Ratio

In addition to the standard negative binomial Poison regres-
sion, we model COVID-19 case fatality ratio in US rural
counties using spatial econometrics techniques [46].
Nonparametric geographically weighted regression (NP-
GWR) was used because of the Poisson distribution of the
outcome variable. In the standardized scores of Black, indig-
enous, and people of color (BIPOC) and based on a recent
commentary published in Lancet [14], the percent share of
Trump win in 2020 is used to represent the impact of political
inclination on COVID-19 case fatality ratio. To address our
hypothesis that the political inclination partly influences the
racial/ethnic inequality in COVID-19 severity in the USA
[14], we used the county-level percent minority racial/
ethnic groups (i.e., BIPOC) and the percent share of
Trump voters. For this aspect of the analysis, we considered
only rural counties (n = 2407). We used GWR to determine
the nonstationarity in the relationship between the predic-
tors and COVID-19 CFR. We specified bisquare kernel as
the local weighting scheme to determine the weight of one
feature in a location, wi, and weights for the surrounding
feature in another location, wj. Optimal bandwidth for
modeling the predictors and “Golden search” was used to
determine the maximum neighborhoods needed or optimal
bandwidth to determine location statistics based on the low-
est value of corrected Akaike Information Criterion (AICc).
Unlike the traditional regression, GWR estimates a unique
regression model for each geographic unit instead of as-
suming a global fit for all the 2407 counties. Besides,
hotspot analysis was conducted using the local Getis-Ord
Gi* technique using ArcGIS Pro [47].

Results

Descriptive Results: All Counties

The mean of COVID-19 CFR ranged from a low 1.56 in
counties categorized as mostly urban to 1.79 in mostly rural
counties (Table 1). Nonparametric analysis of variance con-
firmed that CFR significantly varies by rural-urban continuum
(Chi-square(2) = 33.69, p < 0.001). Figure 1 shows that the
median difference of COVID-19 CFR in urban counties was

2 Z-scores are expressed in terms of standard deviations from their means.
They have a distribution with a mean of 0 and a standard deviation of 1.
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not significantly different from counties categorized as
completely rural (standardized test statistics = −1.53, adj. p
> 0.05) but significantly different between mostly urban and
mostly rural counties (standardized test statistics = −5.74, adj.
p < 0.001). Also, the CFR significantly differs between the
two categories of rurality (standardized test statistics = −3.31,
adj. p = 0.003).

Multivariate Results: All Counties

Table 2 presents the result of the standard NB regression. In
models 1 and 2, the range of CFR incidence rate ratio in
counties categorized as mostly rural or completely rural was
15-26% and 15-24%, respectively. Political inclination mea-
sured as the outcome of the US presidential election reduced
the rurality effect in model 2. Counties where the Republican

party candidate had major voters predicted a 9% decrease in
COVID-19 CFR (IRR= 0.91, 95% CI: 0.83-0.99), compared
to counties where the Democratic presidential candidate had
major voters. We note that the incidence rate ratio of rurality
was attenuated in model 3 after introducing other covariates.
Specifically, the magnitude of the incidence rate ratio of
counties classified as mostly rural was reduced to 18.4% from
26% in model 1, and the incidence rate ratio of completely
rural significantly remained unchanged. Holding other factors
constant, CFR was negatively associated with median house-
hold income. Though the association did not reach statistical
significance, CFR was positively associated with population
density. Notably, all racial/ethnic categories exhibit a positive
association with CFR in the full model (Table 2). To better
visualize the racial/ethnic disparity of COVID-19 CFR, we
present the incident rate ratio in Fig. 2. County-level percent
Black and percent Hispanics composition had the highest in-
cident rate ratio.

Rural County Racial Composition and COVID-19 CFR

Figure 3 presents the COVID-19 CFR in the US rural counties
alone, which shows significant hotspots and coldspots of
COVID-19 CFR, mostly in the Northwest, Northeast, and
Southeast regions. Focusing only on rural counties in
Table 3, the association between the percentage of the four
minority racial/ethnic groups and the COVID-19 CFR was
positive and significant. Regression indicates that for every
one unit increase on the rural county-level percent BIPOC,
CFR increases by a factor of 8.62, 5.87, 2.61, and 1.36 for
the county-level percentage of Blacks, Hispanics, American
Indian, and Asian/Pacific Islander, respectively (Table 3).
Figure 4 shows that after adjusting for other covariates, the
pattern of COVID-19 CFR remained unchanged for the per-
centage of Blacks in rural communities, but it changed posi-
tively for the percentage of American Indians and percent
Hispanics, and reduced for the percentage of Asian/Pacific
Islander. Again, the political inclination was not related to
the pattern of COVID-19 CFR for racial/ethnic minority
groups in the model for rural counties alone. In addition to
the separate models presented above, we run a sensitivity
analysis to examine the impact of other covariates’ impacts
on the variation of COVID-19 CFR using all the data. Table 4

Table 1 Descriptive statistics of
COVID-19 case fatality ratio by
rural-urban continuum

Variable Mean Standard error of mean Std. deviation Min-max

Mostly urban 1.561 0.029 1.061 0.000-7.692

Completely rural 1.779 0.057 1.520 0.000-10.000

Mostly rural 1.792 0.031 1.071 0.000-8.333

Rural only 1.787 0.029 1.257 0.000-10.000

Total (USA) 1.694 0.021 1.185 0.000-10.000

Fig. 1 Pairwise comparisons of COVID-19 case fatality ratio by rural-
urban continuum (note: each node shows the sample average rank of the
rural-urban continuum)
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shows that the case fatality ratio remained significantly high in
rural counties after adding the percent 2-week increase in
deaths and cases. Our analysis shows that percentage of 2-
week increase in deaths was positively associated with an
increase in COVID-19 CFR while the percentage of 2-week
increase in cases was not significantly associated.

Spatial Analysis of COVID-19 CFR in Rural Counties

Figure 5 shows the local distribution of predictors of COVID-
19 CFR in rural counties. Figure 5a shows the percentage of
Black, indigenous, and people of color (BIPOC) and the per-
centage votes for Trump predict a high fatality ratio in rural
counties in southeastern states. The local coefficients for each
predictor are presented in Fig. 5b-f. Percentage of the Black
population was associated with the clusters of COVID-19

CFR in rural counties in Midwest states (e.g., Mexico,
Oklahoma, Kansas, Missouri, Illinois, Kentucky, Tennessee,
and Indiana). To the west, percent American Indian in
Nevada, Utah, Arizona, Colorado, New Mexico, Kansas, the
southern part of Nebraska, and Wyoming was associated with
the cluster of COVID-19 CFR. Furthermore, toward the east,
counties in Illinois, Indiana, Kentucky, Alabama, and Georgia
formed a cluster of high CFR, and the percentage of American
Indians in the Midwest, Southwest, and Rocky Mountains
was associated with COVID-19 CFR.

Percent Hispanics in rural counties was also positively cor-
related with COVID-19 CFR in most Midwest, Mid-Atlantic,
and Northeast regions, including New York, Massachusetts,
Maine, Pennsylvania, and Maryland. We also see a cluster of
counties where percent Hispanics predict a positive rate in
Indiana, Iowa, Illinois, Indiana, Missouri, and Kentucky.
Similarly, the share of Asian/Pacific Islander was positively
associated with a high fatality ratio in southeastern states,
including Florida, Louisiana, Mississippi, Alabama, Georgia,
Tennessee, Kentucky, Indiana, Illinois, Michigan, and mostly
all states in the extreme Northeast region (Fig. 5e). Figure 5f
shows that the percentage of Trump voters significantly pre-
dicts a positive CFR in rural counties in the Midwest region.

Model prediction deviance residual presented in Fig. 5g is
the difference between the computed and predicted rates. The
condition number presented in Fig. 5h shows that there is no
multicollinearity among the predictors. Furthermore, the mod-
el residual was subjected to a spatial autocorrelation test using
the global Moran’s I index. The result indicates a good model
fit (Moran’s I = 0.014, expected, −0.0004), and the prediction
was not bias according to the Z-score of 1.07 (p = 0.284).

Table 2 Models for predicting COVID-19 case fatality ratio in all the US counties

Parameter Model 1 Model 2 Model 3

IRR 95% CI IRR 95% CI IRR 95% CI exp (B)

Lower Upper Lower Upper Lower Upper

(Intercept) 4.77 4.47 5.08 5.29 ‡ 4.95 5.66 5.11 4.77 5.48

Rural-urban continuum (mostly urban ref.)

Mostly rural 1.26 1.15 1.38 1.15 1.04 1.27 1.18 1.07 1.31

Completely rural 1.24 1.12 1.39 1.15 1.03 1.29 1.24 1.11 1.40

Trump vote (Biden vote ref.) 0.91 0.83 0.99 1.05 0.96 1.15

Median household income 0.88 0.83 0.92

Population density 1.05 0.99 1.10

Racial composition (White ref.)

Percent Black 8.33 4.90 14.17

Percent Hispanics 5.93 3.64 9.66

Percent American Indian 2.70 2.01 3.61

Percent Asian/Pacific Islander 1.66 1.41 1.94

IRR Incidence rate ratio, CI Confidence interval, ref. referent
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Fig. 2 Racial/ethnic disparity in COVID-19 case fatality ratio in rural-
urban counties (adjusted)
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Discussions

It is apparent that COVID-19 has exacerbated health
inequality and reduced life expectancy in the USA [31, 34].
This study has shown the disparity in COVID-19 case fatality
ratio, and it aligns with other studies situated within the social
determinant of health framework, as shown in the literature
[17, 18, 48]. According to the World Health Organization
[49], the social determinant of health suggests that
race/ethnicity, power, and location determine health outcomes

for an individual or a group of people. This study shows ev-
idence of racial/ethnic disparity in the severity of the pandem-
ic. It further presents how the political inclination may influ-
ence the disproportionate distribution of fatal cases of
COVID-19.

An apparent rural-urban disparity exists in the distribu-
tion of COVID-19 severity. This study observed a mean
case fertility rate of 1.79% for rural counties, higher than
the mean of 1.69 at the national level. Overall, cluster anal-
ysis indicates variation in the hotspot of COVID-19 CFR.
Figure 3 elucidates that rural counties in the panhandle and
southern part of Texas, the western part of New Mexico,
Louisiana, Mississippi, Alabama, and Georgia, South
Carolina, South of Illinois, and North of South Virginia
have significant hotspots of COVID-19 CFR compared to
some rural counties in Colorado and California. Most of
these counties also have a significant proportion of
BIPOC, which aligns with another study that indicates that
COVID-19 deaths are higher in rural counties with a higher
share of Black and Hispanic populations [11]. The signifi-
cant hotspot could be attributed to some of the determinants
of health, such as poor access to medical and socioeconom-
ic resources.

The primary determinant of health inequality among mi-
nority groups in the USA is poverty. For example, African
Americans have intergenerational poverty, which reflects
in their health conditions [50]. In the pre-pandemic,
African Americans and Hispanics had the least access to
health care in the USA due to their inability to access health
insurance principally because of low income [18]. Also,
they are more likely to have marginal income above the
poverty line than their White counterparts. Recent research
has shown that African Americans are likely to have chron-
ic health conditions predisposing them to COVID-19,

Table 3 Test of association between racial/ethnic composition, political inclination, and COVID-19 case fatality ratio in rural counties

Parameters Model 1 Model 2

IRR 95% CI IRR 95% CI

Lower Upper Lower Upper

(Intercept) 6.018 5.662 6.40 5.324 3.598 7.876

Trump vote (Biden ref.) 0.864 0.386 1.934

Racial/ethnic composition (White ref.)

Percent Black 8.621 4.304 17.30 8.576 3.905 18.833

Percent Hispanics 5.867 3.101 11.10 6.155 2.99 12.67

Percent American Indian 2.611 1.778 3.83 2.684 1.745 4.129

Percent Asian/Pacific Islander 1.357 1.111 1.66 1.255 0.828 1.904

Median household income 0.809 0.743 0.882

Population density 0.881 0.135 5.758

IRR Incidence rate ratio, CI Confidence interval, ref. referent

Table 4 Sensitivity analysis testing the potential impact of the 2-week
increase in deaths and cases on the COVID-19 case fatality ratio

Parameters IRR 95% CI

Lower Upper

(Intercept) 5.44 5.10 5.81

Mostly rural 1.12 1.02 1.23

Completely rural 1.30 1.15 1.46

Biden vote 0.93 0.85 1.02

Trump vote 1.07 0.98 1.16

College degree 0.88 0.85 0.92

Population density 1.06 1.01 1.11

Household income 0.89 0.85 0.93

Percent Black 5.21 3.18 8.53

Percent Hispanics 3.94 2.50 6.20

Percent American Indian 2.03 1.55 2.66

Percent Asian/Pacific Islander 1.48 1.27 1.71

2-week increase: death 1.43 1.38 1.49

2-week increase: cases 0.82 0.78 0.85

IRR Incidence rate ratio, CI Confidence interval
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mostly because of the longtime racial health disparity in
health care [50]. Our study further provides evidence of
health disparity by race/ethnicity and by location of resi-
dence, corroborating studies on racial and ethnic health dis-
parity in the USA.

The global and local statistics results showed that the
percentage of Blacks, indigenes, and people of color posi-
tively associated with COVID-19 severity in rural counties.
The disparity in COVID-19 severity in this study further
echoes findings from previous studies on race/ethnic health
disparities in the USA. Many factors could account for the
observed disparity in COVID-19 severity in the USA, in-
cluding structural racism, shortage in health care resources
[15], and lack of socioeconomic opportunities that can

Fig. 3 Geographic distribution of
case fatality ratio in rural counties
and hotspots
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Fig. 4 Racial/ethnic disparity in COVID-19 case fatality ratio in US rural
counties (note: the model adjusted for population density, political incli-
nation, and county-level household median income)

716 J. Racial and Ethnic Health Disparities  (2022) 9:708–721



transform the standard of living of racial/ethnic minorities
[48, 51].

In rural counties alone, the percentage of Blacks, indigenes,
and people of color (BIPOC) positively associated with a high

case fatality rate. After adjusting for other known determi-
nants of health in rural literature, the association between the
percentages of Blacks in rural counties remained significant
and unchanged. However, it increased for Hispanics and

Fig. 5 Results of geographically
weighted Poisson regression. a
Predicted rates. b-e Coefficients
of percent Black, indigenous, and
people of color in rural counties. f
Coefficient of percent share of
Trump 2020 votes. g Deviance
residual. h Condition number
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American Indians but reduced for Asian/Pacific Islander.
These findings align with previous literature on BIPOC health
inequality in rural counties in the USA [10]. Our findings
support previous studies and showed that Hispanics are at
higher risk of infection and death from coronavirus. In the
USA, particularly New York City (NYC) has borne the sig-
nificant impact of COVID-19 with the highest reported num-
ber of cases and deaths in the country. Based on spatial anal-
ysis, Cordes and Castro [52] show that percentage of
Hispanics and Blacks was positively correlated with the rate
of confirmed cases in NYC. Our results also confirm a study
that constructed COVID-19 outcome continua in NY state.
Holtgrave et al. [53] found a significant disparity in fatality
ratio by race/ethnicity and showed that Hispanics have a 3.48-
fold disparity while Blacks had a 5.38-fold disparity compared
to White.

The global analysis showed that the percentage of votes
for the Republican presidential candidate had a negative
relationship with high case fatality. This study also shows
how the political inclination may be associated with the
distribution of COVID-19 severity. Based on the evidence
from the spatial analysis, there exists a positive link be-
tween political inclination and COVID-19 CFR. The spatial
analysis provides a more in-depth insight into the associa-
tion between the dependent variables and predictors not
explained in the global regression. COVID-19 CFR was
high in rural counties where the Republican presidential
candidate had a significant percentage of voters in the
Midwest region. The spatial analysis revealed an important
insight masked in the conventional regression model. Our
study demonstrates the importance of spatial statistics in
epidemiology. The potential impact of political inclination
on the distribution of COVID-19 CFR could be further ex-
plained as an upstream factor with a local effect at the local/
community level. In April 2020, when the CDC updated
public health recommendations about the mandatory wear-
ing of face masks in public places, President Trump said, “I
don’t think that I’m going to be doing it”; wearing a mask
will “send the wrong message” to his followers [27]. As a
result, many Trump supporters do not support the wearing
of masks in public places. According to NBC News [27],
“politicians of both parties are clued into the powerful sym-
bolism of the mask, and many Americans take their cues
from the president.” This statement reinforces findings
from this study, which could explain the distribution of
COVID-19 case fatality ratio across rural counties.

Geographically focusing on policies that will eliminate the
most important determinant of health, poverty, is crucial to
placate COVID-19 disparity among racial/ethnic groups in
the USA. Our study underscores that improved income would
bridge the current health inequality. We found a consistent
inverse relationship between county-level median household
income and COVID-19 CFR. Research has proposed how and

why poverty and inequality can drive inequality in COVID-19
infection and mortality [51, 54, 55]. For example, African
Americans have intergenerational poverty, which reflects in
their health conditions [50]. In the pre-pandemic, African
Americans and Hispanics had the least access to health care
in the USA due to their inability to access health insurance
principally because of low income [18]. Our study further
provides evidence of health disparity by race/ethnicity and
by place of residence, corroborating studies on racial and eth-
nic health disparity in the USA.

The findings from this study must be interpreted with cau-
tion based on somemethodological limitations, including eco-
logical fallacy. First, we analyzed county-level data, not indi-
vidual, which prevents us from validly concluding that
counties with a high concentration of BIPOC will have a high
COVID-19 CFR. Because health data are highly sensitive
data, individual-level data (e.g., race/ethnicity, gender, age,
place of residence) were not available, which would have
benefited this study. Health data are not usually available at
the fine granular scale that can support the required, more
thorough analysis, especially in minority communities. As
submitted by McLaren [48], data paucity is the most signifi-
cant limitation in finding the sources of disparity in social
inequality/inequity research.

The second potential limitation is the use of the case
fatality ratio. The use of CFR may lead to conditional
CFR estimates since the current COVID-19 is still an
ongoing pandemic. The current CFR estimate is likely to
be influenced by the lags in report dates for cases and
deaths [4]. Hence, the use of CFR remains controversial
due to its reliance on testing. Another critical challenge
with accurate calculation of the CFR is the denominator:
the number of people who are infected with the virus.
Notably, asymptomatic cases of COVID-19 and patients
with mild symptoms or misdiagnosed individuals could be
left out of the denominator, leading to CFR underestima-
tion and overestimation [56]. Our CFR calculation is like-
ly to be skewed due to the inequality in testing. However,
it seems plausible to examine the COVID-19 CFR after
millions of testing have already been conducted in the
USA in 2020 to show the first year fatality rate from
COVID-19. Testing in the USA has significantly in-
creased [57], which, to some extent, gives credence to
the CFR calculation at this time as conditional estimates.
This current estimation can serve as a reference for future
estimations and at the end of the pandemic.

Despite these limitations, this study contributes to the
epidemiological understanding of the impact of COVID-
19 on US rural communities. The findings have signifi-
cant implications for public health intervention, rural or
mostly in rural counties with the elevated percentage of
Black, indigenes, and people of color who face the major
brunt of the current pandemic and other structural
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disparity. Compared to global econometric methods used
in public health research, we combined global and local
analysis to examine geographic (spatial) and racial/ethnic
heterogeneity in COVID-19 CFR in the USA. Since hu-
man behaviors vary across the idiosyncratic socio-
physical environment, public health practitioners are in-
terested in tools that could easily identify variability
across geographic settings such as the rural-urban contin-
uum. Public health interventions and health policies can-
not be a “fit it all,” and policymakers must consider the
specific local context when making decisions that can
translate to effective positive outcomes. Hence, it is cru-
cial to adjust public policy needs geographically and ap-
ply only in areas considered the most priority.

Conclusion

Health disparity is noticeable in marginalized communities,
particularly during any disaster, such as the current COVID-
19 pandemic. This study showed that rural counties have a
COVID-19 case fatality ratio higher than the national rate.
Black, indigenous, and people of color are more likely to be
impacted. Political inclination and the existing social deter-
minant of health (e.g., inequality) explain the geographic
disparity of the COVID-19 case fatality ratio in rural
counties. Furthermore, minority populations in rural
counties are disproportionately more likely to be infected
and die from the disease. Reversing the US’s current in-
equalities, particularly in rural counties, should be the
highest priority in the post-pandemic era. Policies should
prioritize rural health and adequate distribution of health
care resources to meet the need of the minority populations,
particularly in rural counties identified in this study. Lastly,
improving the socioeconomic position of rural minorities
can reduce the effect of structural determinants that expose
them to various health risks.
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