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ABSTRACT

Background: In mid-March 2020, very few cases of COVID-19 had been confirmed
in the Central Blue Ridge Region, an area in Appalachia that includes 47
jurisdictions across northeast Tennessee, western North Carolina, and southwest
Virginia. Authors described the emergence of cases and outbreaks in the

region between March 18 and June 11, 2020.

Methods: Data were collected from the health department websites of Tennessee,
North Carolina, and Virginia beginning in mid-March for an ongoing set of COVID-
19 monitoring projects, including a newsletter for local healthcare providers and a
Geographic Information Systems (GIS) dashboard. In Fall 2020, using these
databases, authors conducted descriptive and geospatial cluster analyses to
examine case incidence and fatalities over space and time.

Results: In the Central Blue Ridge Region, there were 4432 cases on June 11,

or 163.22 cases per 100,000 residents in the region. Multiple days during which a
particularly high number of cases were identified in the region were connected to
outbreaks reported by local news outlets and health departments. Most of these
outbreaks were linked to congregate settings such as schools, long-term care
facilities, and food processing facilities.

Implications: By examining data available in a largely rural region that

includes jurisdictions across three states, authors were able to describe and
disseminate information about COVID-19 case incidence and fatalities

and identify acute and prolonged local outbreaks. Continuing to follow, interpret, and
report accurate and timely COVID-19 case data in regions like this one is vital

to residents, businesses, healthcare providers, and policymakers.

Keywords: Appalachia, COVID-19, rural health, geospatial analysis, GIS dashboard,
outbreak



INTRODUCTION

coronavirus that causes COVID-19, were identified in Wuhan, China.l The

first known case of SARS-CoV-2 in the U.S. was detected on January 20,
2020, in Snohomish County WA.2 On March 11, 2020, the World Health
Organization (WHO) announced that the spread of this disease fit the definition
of a pandemic,® marking the first time this has happened since the H1N1
pandemic in 2009.3

In December 2019, the first known cases of SARS-CoV-2, the novel

Geographic analyses of COVID-19 have been categorized into five themes#*:
spatiotemporal analysis®>® environmental analysis’”® data mining,®10 web
mapping,!! and health geography.12:13 These broad themes display the breadth
of tools that have been applied to manage the pandemic at global, national, and
provincial level scales, with a call to increase local-scale spatial analyses.14

While the number of COVID-19 cases in rural areas during this phase of the
pandemic was lower relative to urban areas, the risk of complications and death
was higher in rural areas due to the higher proportion of residents >65 years and
higher rate of comorbidities such as diabetes, respiratory disease, and
obesity.1516 Moreover, rural hospitals are challenged by limitations in personnel,
equipment, and intensive care unit (ICU) capacity. Along with limited public
transportation, these conditions increase the impact of COVID-19 over the long-
term in rural spaces.!5:16

Other factors that increase risks of spreading COVID-19 in rural areas include
the types of industries that are predominately found in these areas compared to
urban areas such as agriculture and food processing facilities. These settings do
not provide the opportunity for physical distancing and often individuals are
much closer than the recommended 6-foot distance.!”

Rural areas that had low prevalence of disease early in the pandemic may have
been perceived as lower risk areas, with an associated lack of acceptance of
prevention practices.1® Due to geography, northeast Tennessee (TN) counties
have greater linkages to counties to the north (southwest Virginia (VA)) and east
(western North Carolina (NC)) than counties in middle or western TN.19 These
linkages affect travel for work, education, and healthcare, in that residents of the
more rural areas in the region travel to urban areas for services otherwise
unavailable.



The focus of the present study is what is being called the Central Blue Ridge
region, which includes parts of Northeast TN, Western NC, and Southwest VA
(Figure 1). The region includes 44 counties and three independent cities,
hereafter referred to as 47 jurisdictions. Twenty-five of the counties and two of
the independent cities included in the region meet the U.S. Office of Rural Health
Policy’s definition of rural.2% The region also includes five urban areas: Knoxville
TN; Asheville NC; Johnson City TN; Kingsport TN; and Bristol TN/VA (Figure 1).
The region was initially defined for this research in March 2020 due to its
proximity to local healthcare providers in three primary care clinics in northeast
TN. The Central Blue Ridge region footprint was refined and expanded by two
counties and one independent city in April (2020) based on how COVID-19 data
were reported by the health department in VA, resulting in the Central Blue
Ridge region as defined in this study.
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Figure 1. Central Blue Ridge study region reference map with rural/urban
region jurisdictions.

The goals of the current study were (1) to describe and communicate the
emergence of COVID-19 cases in the Central Blue Ridge region using
dashboards, graphs, and daily summaries starting with the beginning of state
health department reporting in March and continuing through mid-June; (2) to



examine acute and prolonged outbreaks during this initial period of shut down
and re-opening; and (3) to identify outbreaks at the jurisdictional level using
spatial smoothing and clustering methods.

METHODS

Data Description

Data were released by each state in the Central Blue Ridge region, and the
metrics reported varied in type, detail, and spatial aggregation during the initial
phases of the pandemic. The Tennessee Department of Health began releasing
information about confirmed COVID-19 cases at the county level by the second
week of March.?! The North Carolina Department of Health and Human Services
reported number of confirmed COVID-19 cases on their website beginning March
16th.22 Unlike TN and VA, however, NC reported current rather than cumulative
hospitalization and only did so at the state level. The Virginia Department of
Health provided case counts at the jurisdictional level (this included counties
and independent cities) beginning March 25th.23

Beginning on March 18th, 2020, the research team entered daily case counts for
each jurisdiction into a spreadsheet for the purpose of tracking cases relevant to
primary care providers working in 3 family medicine clinics in the region. Reports
on these data, accompanied by COVID-19 research briefs, were disseminated to
providers and staff, and archived on a website. By mid-April 2020, the working
group collaborated to analyze regional data and disseminate information to a
wider audience, which included local providers and the general public, while also
coordinating with other researchers and health professionals in the region on a
response effort. The study period for the research presented here was March 18-
June 11, 2020.

GIS Dashboard Development

Dashboard development began on March 14th when members of the
Geoinformatics and Disaster Science (GADS) Lab at East Tennessee State
University collaborated with local emergency managers to form a tracking and
resources site for the state. The dashboard included county-level maps showing
cases and incidence rates initially, along with hospital and nursing home
locations. With the increase in available data released by the Tennessee
Department of Health, the Tennessee dashboard expanded to include the
following county-level maps in addition to cases and incidence rates: active rate;
active rate change (day-to-day); fatalities; fatality ratio (deaths/cases); testing
rate (per 100k); and percent tests positive. The dashboard also included plots



showing, by day, total cases, total recoveries, total fatalities, new cases, new
recoveries, total tests, and new tests.

On April 10th, a new regional dashboard was expanded to include the Central
Blue Ridge region. This dashboard included the same types of maps and plots
as the TN dashboard with one addition, a daily incidence rate change map. This
was important to provide a metric for day-to-day changes at the jurisdiction level
since recoveries were not reported at this level in VA or NC. Additionally, tests
aggregation varied in VA, with tests eventually being provided at the ZIP code
level, which is difficult to aggregate to the county/independent city level since
ZIP codes do not always follow the same boundaries. Total and new tests from
VA were plotted (not mapped) based on ZIP code locations relative to health
department regions. The dashboard also included plots showing, by day, total
cases, total recoveries, total fatalities, new cases, new recoveries, total tests (TN
and VA), and new tests (TN and VA).

Statistical and Spatial Analyses

Differences in county-level data reporting among the three states, as noted
above, limited Central Blue Ridge regional statistical analyses to statistics that
could be constructed from daily cases and daily fatalities, which were reported
by each state. To better understand large increases in incidence rates (daily new
cases per 100K), local news media were used to create a database of known
outbreaks, as state health departments did not report this information. A
timeline of known outbreaks was then developed and qualitatively compared to
incidence rates and policy decisions (i.e., state closure orders).

Day-to-day new cases and fatalities in the region were highly variable, reflecting
patterns of testing and reporting rather than burden of disease (Figure 2). To
mitigate, data were smoothed using the 7-day moving average (7DA). The 7DA of
incidence rate, incidence rate change, and fatality rate (COVID-19 deaths per
100K) were joined to a Central Blue Ridge region shapefile in ArcGIS Pro Version
2.4.3 and imported into GeoDa Version 1.1424for cluster analyses. To define the
neighborhood for each jurisdiction polygon, a spatial weights matrix was created
in GeoDa using five nearest neighbors. The Local Moran’s I statistic2®> was used
to identify high-high and low-low clusters (hot spots and cold spots, respectively)
for 7DA incidence rate, incidence rate change, and fatality rate on a weekly time
step. Empirical Bayes smoothing using population was employed in the Local
Moran’s I calculation to account for spatial variability in variance of the 7DA
rates.26 Patterns of hot and cold spots were compared for incidence rate,
incidence rate change, and fatality rate, week by week.
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Figure 2. Timeline of outbreaks and government closure and reopening
orders in the Central Blue Ridge region, March 10-June 11, 2020, coincides
with cumulative total and new COVID-19 Cases per 100K people reported
by state health departments

RESULTS

COVID Cases and Outbreaks in the Central Blue Ridge Region

According to the Vintage 2019 county population estimate data,2” the region
includes a total of 2,715,327 people, 53% (1,444,595) of whom live in northeast
TN; 33% (894,618) in western NC; and 14% (376,114) in southwest VA. When
data collection began on March 18th, there were already seven confirmed positive
cases of coronavirus in the region: one in Watauga County, NC, and six across
five counties in northeast TN. By June 11th, there were 4432 total known cases
reported in the 47 jurisdictions in the Central Blue Ridge region, equivalent to
163.22 cases per 100,000 residents. Looking at the state level, there were 285.71



cases per 100K in the NC jurisdictions, 155.80 per 100K in the VA jurisdictions,
and 89.30 cases per 100K in the TN jurisdictions (see dashed lines in Figure 2).

As of June 11th, in the Central Blue Ridge region, the highest smoothed 7DA
incidence rate was 7.5 per 100K occurring on May 19th (NC). Daily incidence
rates exceeded the 7DA in all three states at certain times during the study
period (May 10th and June 4th (VA); May 16th and June 11th (NC); June 1st
(TN), coinciding with outbreaks identified in the timeline (Figure 2).

Central Blue Ridge Cluster Analyses

Empirical Bayes-smoothed COVID-19 incidence rates show persistent hot spots
in the eastern portion of the Central Blue Ridge region, specifically in VA (city of
Galax and Carroll and Grayson Counties) and NC (Allegheny County) (Figure 3).
Note that these jurisdictions represent cluster centers, and the cluster generally
extends to neighboring jurisdictions; Wilkes County NC, with a high case count
and incidence rate in mid-May was included in the Allegheny County NC cluster
as a neighboring jurisdiction. Incidence rate change is useful to show positive
increases in incidence rate, indicating increasing rates of infection in these same
jurisdictions. Fatality rate shows a delayed response, with a hot spot appearing
in city of Galax and Carroll, Grayson, and Wythe Counties in VA 5 weeks after
the appearance of the incidence rate hot spot in this part of the Central Blue
Ridge region.

The Central Blue Ridge Region Dashboard as a Communication Tool

The Central Blue Ridge region dashboard became a powerful tool for
disseminating information, not only to emergency managers and local officials
but also to the general public. The dashboard can be accessed here:
http://arcg.is/1fHLjq. Figure 4 shows the incidence rate map for the Central
Blue Ridge region on May 22nd. On that day, incidence rates were higher than
50.0 (per 100k) in 11 of 14 NC counties, 8 of 16 VA counties/cities, and 8 of 17
TN counties. Legends indicate sequential and divergent color-coded values.

DISCUSSION

In March 2020, researchers began documenting the spread of COVID-19 in the
Central Blue Ridge region, a somewhat rural area that includes 44 counties and
three independent cities in northeast TN, western NC, and southwest VA. While
this is not a traditionally defined region, Nelson and Rae® identified a similar
area based on “economic geography” indicators, simply calling it “Blue Ridge.”
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Figure 3. Spatial clusters of COVID-19 7-day moving average (7DA) with
Empirical Bayes smoothing by population. Dark red and blue jurisdictions
show hot spot and cold spot cluster centers, respectively. Light red shading
denotes high values near low values and light blue shading denotes low
values near high values, indicating negative spatial autocorrelation.
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Figure 4. Snapshot of the Central Blue Ridge region dashboard on May 22
with the incidence rate map selected.



The basis for this area as a stand-alone region is the result of inter-linked
economic and cultural factors, inferring that there is a high degree of
communication and commerce within the Central Blue Ridge region. Unlike more
densely populated parts of the world, very few cases of COVID-19 had been
detected in this region when WHO officially classified the spread of COVID-19 as
a pandemic. In the weeks that followed that announcement, schools and
businesses in the region shut down and transitioned to remote working, and
cities and states urged residents to stay home whenever possible. This analysis
shows the initially low number of cases and very limited spread of COVID-19 in
much of this region.

Most daily increases in the number of COVID-19 cases in Central Blue Ridge
localities were associated with outbreaks in congregate settings (Figure 2). These
included outbreaks at a school (Buchanan County VA, April 6); multiple long-
term care facilities (Henderson and Buncombe Counties NC, beginning April 4th
and May 13th, respectively); two meat-processing facilities (Burke and Wilkes
Counties NC, May 15th and May 21st, respectively); and two farms (Unicoi
County TN, June 1st and 9th).

In two jurisdictions, daily increases in cases per 100K were associated with
widespread community transmission. First, the city of Galax VA experienced an
outbreak that began with family gatherings and spread to the community via
local workplaces.2® This prolonged outbreak emerged as a Galax-Carroll-
Grayson incidence rate hot spot in the cluster analyses (Figure 3) the week of
May 6t and as a fatality rate hot spot the week of June 10th (a 34-day lag). This
lag between incidence and fatalities agrees most closely with a 28-day lag (onset
to death) reported by Yang et al.,2° but is over twice the lag of 13 days used in
other studies to predict fatality rates.30-32

The second locality where increasing cases per 100K was associated with
community transmission was Burke County NC from June 6 to June 11. Earlier
in May, daily case increases were attributed to an outbreak at a poultry plant
(Figure 2); however, the June 6-11 increase in new cases was attributed to
traveling, congregate living, and community spread.33 This suggests that a
transition toward community spread may have occurred as the number of cases
increased in the region.

Hot-spot analyses failed to identify short-term outbreaks associated with
congregate settings outlined in Figure 2. This was likely due to the use of the
7DA as a smoothing function. The use of the 7DA helped to identify prolonged



outbreaks. However, due to 7DA smoothing, outbreaks with a high number of
cases reported on a single day of testing were unlikely to be identified as
statistically significant hot spots. Further, the use of rates (new cases or fatalities
per 100K) helped to identify hot spots in smaller, low-population jurisdictions at
the expense of larger jurisdictions. For example, outbreaks at long-term care
facilities in Henderson County NC were not identified as hot spots because the
high county population reduced the incidence rate relative to lower population
jurisdictions. Therefore, the cluster-analysis methods employed here are most
effective for identification of statistically significant hot spots of incidence or
fatality rates in low population localities with relatively few cases and/or areas
of persistent and increasing community spread.

Two important limitations of the current study are both inherent to the methods
used to identify and report cases of COVID-19. First, lack of widespread access
to testing early in the pandemic likely resulted in an underreporting of early case
rates. In addition, lack of mandatory testing in most of the region throughout
the period examined for this study means detecting cases was dependent on
community members voluntarily getting tested and also likely resulted in
underestimation of case totals.

Future Research

Analyses for this study ended on June 11th, but cases continued to increase
throughout the summer, especially in the TN counties of the Central Blue Ridge
region. Additional research should examine clusters, trends, and policy/event
impacts across TN, with unique analysis opportunities based on statewide data
homogeneity from the Tennessee Department of Health. Demographic and
community-level analysis may also be explored across TN, including analysis of
disparate policies implemented at the local level.

CONCLUSION

This research describes the emergence and progression of COVID-19 cases in
eastern TN, western NC, and southwest VA and the efforts to communicate
information to the general public, healthcare providers, and officials. Briefs that
comprise timely and accurate descriptions of COVID-19 cases in the Central
Blue Ridge region are an important mechanism for dissemination of pertinent
information about the pandemic, particularly to healthcare providers and staff
in the region who are focused on addressing important new health concerns in
local communities. Similarly, the GIS dashboard is a powerful tool to
communicate spatial data including incidence rate, fatality rate, testing rate, as
well as location of hospitals and testing centers.



Regional cluster analyses of smoothed incidence and fatality rates successfully
identified statistically significant hotspots (outbreaks) that persisted over a
prolonged period. The methods used here were unable to identify outbreaks in
which the majority of cases were reported on a single day, due to the use of 7DA.
These types of outbreaks occurred when new cases appeared suddenly in
congregate settings such as long-term care facilities, meat processing facilities,
and farms. This research demonstrates solutions to the challenges of
consolidating disparate data from multiple state and regional health
departments into useful information for the general public, healthcare providers,
and policymakers. It may be advisable for similar geographic regions that include
rural and urban jurisdictions in multiple states across which residents
frequently travel for work, school, or recreation, to take a similar approach to
examining and reporting data. This would improve communication and
transparency, while reducing confusion during an event such as a pandemic
when new and disparate information can quickly become overwhelming.

SUMMARY BOX

What is already known on this topic? The study of the process of gathering
and sharing information about the emergence and spread of COVID-19 is an
emerging area of research.

What is added by this report? This report presents a model for tracking and
disseminating information about the spread of COVID-19 in a mostly-rural
area that spans three states, in which baseline access to care is relatively low.

What are the implications for future research? This study lays the
groundwork both for the continued tracking of COVID-19 and of similar viruses
that involve collection of data from multiple sources.
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