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Since the summer of 2020, the rate of coronavirus cases in the United States has been higher in rural areas than in urban
areas, raising concerns that patients with coronavirus disease 2019 (COVID-19) will overwhelm under-resourced rural
hospitals. Using data from the University of Minnesota COVID-19 Hospitalization Tracking Project and the U.S. Department
of Health and Human Services, we document disparities in COVID-19 hospitalization rates between rural and urban areas.
We show that rural-urban differences in COVID-19 admission rates were minimal in the summer of 2020 but began to
diverge in fall 2020. Rural areas had statistically higher hospitalization rates from September 2020 through early 2021, after
which rural-urban admission rates re-converged. The insights in this article are relevant to policymakers as they consider the
adequacy of hospital resources across rural and urban areas during the COVID-19 pandemic.
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Introduction

Since the novel 2019 coronavirus (COVID-19) was first
detected in the United States in January 2020 (Holshue et al.,
2020), total hospitalizations from COVID-19 infections have
surpassed 1.8 million (University of Minnesota Carlson
School of Management, 2020). Hospitalization surges during
the pandemic have strained local health care systems, with
hospitals reporting critical shortages of necessary infrastruc-
ture and supplies, including inpatient beds, intensive care
unit (ICU) beds, medical devices, and clinical staff (Grimm,
2021; U.S. Food and Drug Administration, 2021; Wu et al.,
2020). By October 2020, the majority of states had reported
high occupancy for inpatient beds and ICU beds (Centers for
Disease Control and Prevention, 2020; Karaca-Mandic et al.,
2020; Trout & Chen, 2021), raising concerns that COVID-19
patients would not be able to access critical treatments due to
capacity constraints. With the emergence of the Delta and
Omicron variants, the issue of strained hospital capacity has
continued prominence in the second and third years of the
pandemic (Muller, 2022; Ungar & Meldrum, 2021).

The challenges of treating COVID-19 have been particu-
larly acute in rural areas, which have faced high rates of
COVID-19 cases (Linke, 2020; Paul et al., 2020). Rural
areas have fewer health care resources than urban areas,

including fewer ICU beds (Miller et al., 2020; Orgera et al.,
2020) and a shortage of health care workers (Kaufman et al.,
2020; Melvin et al., 2020). Moreover, rural areas have older
and sicker populations that are at greater risk of hospitaliza-
tion (Lakhani et al., 2020; Peters, 2020). These trends have
raised concerns that rural health care systems will struggle to
manage increased care burdens during the pandemic.
However, rural hospitals entered the pandemic with more
available beds per capita (Orgera et al., 2020) and lower
occupancy rates (Hatten & Connerton, 1986) than urban hos-
pitals, suggesting that rural areas may have more capacity to
accommodate surges in COVID-19 hospitalizations.
Disparities in COVID-19 hospitalizations across rural and
urban areas are not well understood. One barrier to research
has been a lack of data on COVID-19 hospitalizations in
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rural and urban areas. The federal government did not begin
reporting hospital-level hospitalization data until August 2020
(U.S. Department of Health & Human Services, 2022), seven
months into the pandemic. Existing work on COVID-19 hos-
pitalizations is generally based on state-level data (Gupta
et al., 2021; Karaca-Mandic et al., 2021; Sen et al., 2020),
which is too broad for analyzing rural versus urban disparities.
To the best of our knowledge, there has been no analysis of
rural versus urban trends in COVID-19 hospitalizations.

New Contributions

In this article, we provided the first evidence on disparities in
COVID-19 hospitalization rates across rural and urban areas
in the United States. We leveraged two unique datasets,
quantifying the differential impacts of COVID-19 on rural
and urban health care systems. Understanding rural-urban
differences in COVID-19 burden is important because rural
areas have fewer resources available to address the pan-
demic, including a limited health care workforce and finan-
cially strained hospitals (Lakhani et al., 2020; Peters, 2020).
The results of our analyses are informative for policymakers
as they consider the allocation of scarce hospital resources
across rural and urban areas during the COVID-19 pandemic,
as well as other public health events.

Method

Data

Our main analyses used two primary datasets. The first data-
set came from the University of Minnesota (UMN) COVID-
19 Hospitalization Tracking Project (University of Minnesota
Carlson School of Management, 2020), which has collected
COVID-19 hospitalization data from official state reporting
agencies on a daily basis since the beginning of the pandemic.
To the best of our knowledge, the UMN data is the only
source of information about rural-urban hospitalization pat-
terns at the beginning of the pandemic, during spring 2020.
We focused on six states that have reported county-level
COVID-19 hospitalizations since the pandemic’s early stage
(spring 2020), allowing us to distinguish between rural and
urban counties in each state. These states included Arizona,
Florida, Georgia, Ohio, Utah, and Virginia. We used data on
adult hospitalizations for COVID-19 from May 1, 2020, to
July 1, 2021, aggregating the daily data to create a weekly
panel of COVID-19 admissions.

The second dataset came from the Department of Health
and Human Services (HHS) (U.S. Department of Health &
Human Services, 2022), which has reported COVID-19 hos-
pitalizations for every U.S. hospital on a weekly basis since
August 7, 2020. We used data on confirmed, adult COVID-
19 admissions through July 1, 2021, focusing on Short Term
Hospitals and Critical Access Hospitals. We aggregated hos-
pital-level data to the county level using Federal Information
Processing System (FIPS) codes. Additional details of the

data cleaning process and summary statistics of these two
datasets are provided in the Supplementary Material.

We used designations from the Office of Management and
Budget to categorize counties as urban or rural: Urban coun-
ties are in metropolitan areas (containing an urban core with
at least 50,000 residents); rural counties are in micropolitan
areas (containing an urban core with 10,000-50,000 resi-
dents) and noncore areas (Office of Management and Budget,
2021). In addition, we incorporated data on 2019 county-level
demographics from the U.S. Census Bureau (2019), adult
COVID-19 vaccination rates from the Centers for Disease
Control and Prevention (2022), and the number of confirmed
COVID-19 cases from the New York Times [NYT] (2022).
Finally, we measured state-level policy responses to the pan-
demic compiled by Raifman et al. (2022), including stay-at-
home orders, mask mandates, and restaurant closures. Data
on county-level policy responses were not available.

Outcome Variables

We measured COVID-19 hospitalizations in each county by
week. We calculated (a) the number of new COVID-19
admissions per week and (b) cumulative COVID-19 hospi-
talizations over time. The UMN data reported cumulative
hospitalizations over time; we calculated new admissions in
week ¢ as cumulative hospitalizations in week ¢ minus cumu-
lative hospitalizations in week /—1. The HHS data reported
weekly new admissions; we calculated cumulative hospital-
izations in week ¢ as the sum of the weekly new admissions
between week 1 and week .

To understand how the volume of COVID-19 hospitaliza-
tions was related to available hospital capacity, we normal-
ized each hospitalization variable by the number of hospital
beds in the county. As hospitals may add or reduce beds in
response to surges in demand, we measured hospital beds
using the time-varying number of staffed, adult inpatient
beds reported weekly in the HHS data. Because the HHS
data began August 7, 2020 (after the start of the UMN data),
we used beds as of August 7, 2020 (the earliest available
data) for all earlier time periods.

We also use local population in 2019 as a secondary nor-
malization variable, modeling changes in per-capita hospital-
izations (rather than hospitalizations per bed). A key
difference between the two normalization variables is that
hospital capacity could change over time, while local popu-
lation was fixed at 2019 levels due to data availability.

Main Analysis

We used a multivariate linear regression model to assess the
differential changes in COVID-19 hospitalization rates
across rural and urban counties. We used the following esti-
mating equation:

Y, = Rural_ + Week, +o.-Rural, - Week, +e,,
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where Y, measures hospitalization rates in county ¢ in week
t; Rural, is a binary variable that equals 1 if county c is rural
and 0 otherwise; Week, is an indicator of each week in the
study period. Thus, a measures the differential changes in
hospitalization rates across rural and urban areas over time.
e, 1s an error term. The regressions were weighted by county
population, and the standard errors were clustered at the
county level. We ran separate models using UMN data and
HHS data and separate models that normalized hospitaliza-
tions by bed capacity and local population.

In addition to our county-level analyses, we studied differ-
ences in total occupancy rates across rural versus urban hos-
pitals. The advantage of this analysis, relative to the
county-level analysis, was that it compared hospital bed
capacity to demand from all patients: COVID-19 and non-
COVID-19 patients. That is, the county-level analysis
assessed the COVID-19 hospitalization burden by rural/urban
status, while the hospital-level analysis showed whether those
COVID-19 hospitalization burdens pushed overall hospital
occupancy to dangerous levels. Using hospital-level data
from HHS, we computed weekly occupancy rates for each
hospital as the number of occupied adult inpatient beds
divided by the total number of staffed adult inpatient beds.
We then measured differential occupancy rates across rural
and urban hospitals, estimating a multivariate model analo-
gous to the one above. In addition, we calculated the percent
of rural and urban hospitals that reached 70% capacity, fol-
lowing Centers for Disease Control and Prevention (CDC)
thresholds for high occupancy rates. All analyses were con-
ducted using Stata version 16.0.

Supplementary Analyses

We conducted two types of sensitivity checks to assess the
robustness of our results. First, we tested whether our results
were sensitive to our choice of normalization variable. In our
main analysis, we normalized COVID-19 hospitalizations by
hospital bed capacity in each week—that is, time-varying
bed capacity—as well as local population in 2019. In sensi-
tivity checks, we re-ran our analyses using two alternative
normalization variables. First, we normalized by time-
invariant hospital bed capacity as of 2019 (Area Health
Resources Files, 2020), immediately before the onset of the
pandemic. Second, we normalized hospitalizations by con-
firmed COVID-19 cases in each week (NYT, 2022) to under-
stand whether rural COVID-19 cases were more likely to
result in hospitalization, on average.

Second, we assessed whether our results were sensitive to
inclusion of controls in the regression model. In our main
analysis, we did not include control variables so that the
model would capture the absolute difference in hospitaliza-
tion trends across rural and urban areas. In sensitivity analy-
sis, we included control variables based on risk factors that
have been identified in previous literature (Gomez et al.,

2021; Karaca-Mandic et al., 2021): percent female, percent
Hispanic, percent non-Hispanic Black, percent non-Hispanic
white, percent 65 and older, percent of fully vaccinated
adults, confirmed COVID-19 cases per 100,000 adults, and
whether each state had implemented policy responses to the
pandemic (including stay-at-home order, mask mandate, res-
taurant closure).

Results

Main Analyses

Our sample included 401 counties (44.4% rural) in the UMN
data and 2,204 counties (59.8% rural) in the HHS data. Over
the course of our study period, we observed approximately
230,000 COVID-19 hospitalizations in the UMN data
(14.1% rural) and 1.9 million COVID-19 hospitalizations
(11.4% rural) in the HHS data (Table A1). Figure 1 presents
trends in new COVID-19 admissions per 100 beds in rural
and urban areas, based on estimates from our regression
model. Red circles show regression-adjusted hospitalization
rates in rural areas. Blue x’s show regression-adjusted hospi-
talization rates in urban areas. Error bars report 95% confi-
dence intervals on the difference in rural-urban rates (based
on confidence intervals around alpha-hat from the estimating
equation above). Full regression estimates are presented in
Model 1 and Model 2 in Table A2.

In the UMN data (Figure 1, Panel A), new admissions
were similar in rural and urban areas during the first wave of
the pandemic (May to August 2020). In May 2020, there
were two to three new COVID-19 admissions per 100 beds
in both rural and urban areas, growing to 8.6 admissions per
100 beds in rural areas and 6.2 admissions per 100 beds in
urban areas by mid-August 2020 (difference = 2.4, p-value
= 0.36). Beginning in September 2020, however, rural and
urban admission rates began to diverge. By late December
2020, rural areas had 19.3 new admissions per 100 beds; that
is, COVID-19 new admissions accounted for nearly 20% of
all hospital beds. Urban areas, in contrast, had 8.5 new
admissions per 100 beds (rural-urban difference = 10.8;
p-value < 0.01). Hospital admissions in rural areas slowed in
late December 2020 and were statistically equivalent to
urban hospitalization rates by early 2021.

The HHS data showed similar hospitalization patterns as
the UMN data, although we could not observe the first wave
in this sample (Figure 1, Panel B). Hospitalization patterns
diverged in rural versus urban areas beginning in September
2020. Rural hospitalization rates peaked at approximately 20
new admissions per 100 beds in November and December
2020, similar to the pattern in the UMN data. Urban hospital-
ization rates, however, were higher in the HHS data than the
UMN data, reaching 18.9 new admissions per 100 beds in
late December. The high urban hospitalization rates in the
HHS data (relative to the UMN data) were partially driven
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Figure |. Trends in New COVID-19 Admissions Per 100 Beds in Rural Versus Urban Areas.

|. This figure shows regression-adjusted rates of new COVID-19 hospitalizations per 100 beds in rural and urban areas.

2. Red circles show adjusted hospitalization rates in rural areas. Blue x’s represent adjusted hospitalization rates for urban areas. Error bars report 95%
confidence intervals on the difference between rural and urban hospitalization rates. Standard errors are clustered at the county level.

3. The shaded areas highlight the period during which the new admissions rates in rural areas were significantly higher than those in urban areas.

4. UMN data: data from University of Minnesota COVID-19 Hospitalization Tracking Project; HHS data: data from the Department of Health and Human

Services.
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Figure 2. Trends in Cumulative COVID-19 Hospitalizations in Rural Versus Urban Areas.

|. This figure shows regression-adjusted rates of cumulative COVID-19 hospitalizations per 100 beds in rural and urban areas.

2. Red circles show adjusted hospitalization rates in rural areas. Blue x’s represent adjusted hospitalization rates for urban areas. Error bars report 95%
confidence intervals on the difference between rural and urban hospitalization rates. Standard errors are clustered at the county level.

3. The shaded areas highlight the period when the rural-urban differences in the cumulative admission rate are statistically significant.

4. UMN data: data from University of Minnesota COVID-19 Hospitalization Tracking Project; HHS data: data from the Department of Health and Human

Services.

by states with large cities (including California, Illinois, New
York, Pennsylvania, and Texas), which were not available in
the UMN data. As shown in Figure Al, by the end of
December 2020, the urban sample of these six states had a
hospitalization rate of 23.8 per 100 beds, compared with 14.7
in the remaining urban sample excluding these six states (dif-
ference = 9.1; p-value < 0.01). Nevertheless, the HHS data

showed a similar rural-urban hospitalization pattern to the
UMN data: Rural hospitalization rates were significantly
higher than urban hospitalization rates between September
2020 and January 2021. Rural-urban hospitalization rates
then converged beginning in early 2021.

Figure 2 plots cumulative COVID-19 hospitalization
rates over time. In Panel A, analysis of the UMN data showed
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Figure 3. New COVID-19 Admissions Per 100k Adults in Rural Versus Urban Areas.

I. This figure shows regression-adjusted COVID-19 hospitalization rates per 100,000 adults in rural and urban areas.

2. Red circles represent adjusted hospitalization rates in rural areas. Blue x’s represent adjusted hospitalization rates in urban areas. Error bars report
95% confidence intervals on the difference in rural-urban hospitalization rates, with standard errors are clustered at the county level.

3. The shaded areas highlight the period during which the new admissions rates in rural areas were significantly higher than those in urban areas.

4. UMN data: data from University of Minnesota COVID-19 Hospitalization Tracking Project; HHS data: data from the Department of Health and Human

Services.

that cumulative hospitalizations were largely similar in rural
and urban areas during the first wave of the pandemic but
began to diverge in fall 2020. The divergence began in early
September, corresponding to the rural-urban divergence
among new admissions (Figure 1). Cumulative hospitaliza-
tions in rural areas remained higher than in urban areas for
the remainder of the study period, when rural areas had 496.2
cumulative hospitalizations per 100 beds, compared with
284.1 in their urban counterparts (difference = 212.1;
p-value < 0.01). Thus, the UMN data showed that the total
hospitalization burden from COVID-19 has been signifi-
cantly higher in rural areas for the majority of the pandemic.
Similar results were reached in our analysis of the HHS data
(Figure 2, Panel B), though the rural-urban difference was
smaller in magnitude (similar to Figure 1); cumulative hospi-
talizations in rural and urban areas diverged in the fall of
2020 and remained higher in rural areas for the remainder of
the study period.

Figure 3 presents our results when we normalized
COVID-19 hospitalizations by time-invariant adult popula-
tion in 2019. In the UMN data, there were significantly
higher hospitalization rates in rural areas relative to urban
areas from fall 2020 to early 2021, followed by an equaliza-
tion of hospitalization rates, as in our main results. In the
HHS data, we found higher rural hospitalization rates in fall
2020, as in the main results, but estimated higher urban hos-
pitalization rates in early 2021 (in contrast to the equal rural-
urban rates in our main results). Since we normalized by
time-varying bed capacity in the main analysis, these results
suggest that urban hospitals were able to keep occupancy
rates down by adding bed capacity during hospitalization

surges. Indeed, we found that urban hospitals increased bed
capacity by around 35% during the pandemic, while rural
hospitals increased bed capacity by 15% (Figure A2).

Next, we examined the overall occupancy rates (COVID-
19 plus non-COVID-19) of rural versus urban hospitals dur-
ing the COVID-19 pandemic (Figure 4). As discussed above,
this analysis is distinct from the county-level analysis above
because it assessed the fofal volume of hospitalizations, not
only the volume of COVID-19 hospitalizations. We found
that rural hospitals’ occupancy rates were consistently lower
than those in urban hospitals (Figure 4, Panel A), despite
having a higher relative burden of COVID-19 patients. In
other words, rural hospitals had more COVID-19 patients
per bed compared with urban hospitals but had fewer non—
COVID-19 patients relative to the number of beds available.
This finding is consistent with pre-pandemic hospital capac-
ity: Rural hospitals tended to have large bed capacities rela-
tive to the demand for care, and therefore had lower
occupancy rates going into the pandemic than urban hospi-
tals (Hatten & Connerton, 1986; Orgera et al., 2020). The
higher COVID-19 hospitalization burden in rural areas
decreased this occupancy advantage in 2020 but did not off-
set it completely. Panel A of Figure 4 shows that occupancy
rates were about 55% prior to fall 2020, rising to over 60% at
the peak of the hospitalization surge. Urban hospitals, in con-
trast, began with an average occupancy rate of nearly 75%,
which rose to over 80% during peak hospitalizations. Rural
and urban hospital occupancy rates were closest in late
October 2020. We find analogous results in Panel B of Figure
4, which plots the share of rural and urban hospitals at 70%+
occupancy, rather than the average occupancy rate.
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Figure 4. Trends in Occupancy Rates at Rural and Urban Hospitals.

|. Panel A shows the regression-adjusted occupancy rates at rural and urban hospitals. Occupancy is defined as the percent of beds occupied by COVID

and non-COVID patients.

2. Panel B shows the unadjusted percent of rural and urban hospitals with at least 70% of beds occupied in each week.
3. Red circles show hospitalization rates in rural areas. Blue X’s represent hospitalization rates for urban areas. Error bars report 95% confidence intervals
on the difference between rural and urban hospitalization rates. Standard errors are clustered at the county level.

4. This figure uses data from the Department of Health and Human Services.

Supplementary Analyses

In sensitivity checks, we assessed whether our results were
sensitive to our choice of normalization variables: time-vary-
ing bed capacity in each week and local population in 2019.
We assess two alternate normalization variables: time-invari-
ant hospital bed capacity (based on pre-pandemic, 2019 lev-
els) and confirmed COVID-19 cases in each county in each
week. In Models 3 and 4 in Table A2, we present the results
of normalizing hospitalizations using time-invariant hospital
bed capacity. In the UMN data, there were significantly
higher hospitalization rates in rural areas relative to urban
areas from fall 2020 to early 2021, followed by an equaliza-
tion of hospitalization rates, as in our main results. In the
HHS data, we found higher rural hospitalization rates in fall
2020, as in the main results, but estimated higher urban hos-
pitalization rates in early 2020 (similar to our results that
normalized by time-invariant total population).

Figure A3 presents our results when we normalized hospi-
talizations by weekly confirmed COVID-19 cases. Analyses
of the UMN data showed higher hospitalization rates per case
in rural areas for the majority of the study period, consistent
with rural residents having more risk factors for hospitaliza-
tion on average. However, the HHS data showed little differ-
ence in hospitalizations per case across rural and urban areas.

In further sensitivity checks, we assessed whether our
results were sensitive to including control variables (Table
A2, Model 5 and Model 6). Overall, these models show simi-
lar results to our main model. We found higher rural hospital-
ization rates in the fall of 2020 in both datasets, with smaller
rural-urban differences in other time periods.

Discussion

In this article, we used two unique datasets to assess COVID-
19 hospitalization rates across rural and urban areas in the
United States. Each dataset had its own advantage. The
UMN data was the only source of information about rural-
urban hospitalization patterns at the beginning of the pan-
demic, but it included only six states. The HHS data covered
all hospitalizations nationally but did not contain informa-
tion before August 2020. Analysis of both datasets led to
similar conclusions: rural-urban differences in new COVID-
19 admissions were minimal prior to fall 2020, at which
point hospitalizations began to grow more quickly in rural
areas. Both datasets showed statistically higher volumes of
hospitalizations per bed in rural areas compared with urban
areas between September 2020 and early 2021, after which
the hospitalization rates in the two areas converged again.
Our results were robust to a number of sensitivity checks that
varied how we defined hospitalization rates (measuring hos-
pitalizations per bed, per capita, and per confirmed case).
Our conclusions were also robust to which variables we con-
trolled for in the analysis.

Our results have several implications for policymakers as
they respond to future COVID-19 variants and other public
health emergencies that increase demands on the health care
system. First, although COVID-19 hospitalization rates
increased faster in rural areas than urban areas during the
Delta variant wave, tfofal occupancy rates at rural hospitals
were consistently lower than those in urban areas; that is,
rural hospitals had fewer non-COVID-19 hospitalizations
relative to available beds, enabling them to accommodate
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surges in hospitalizations from a bed-capacity perspective.
Separate from the COVID-19 pandemic, low occupancy
rates at rural hospitals are typically considered a financial
liability—empty hospital beds drive up the average cost of
care. Policymakers have begun to emphasize downsizing
rural hospitals, in part to help eliminate largely empty inpa-
tient beds (Colyer et al., 2022). As rural hospital markets
evolve, policymakers might consider how to promote pan-
demic/emergency readiness in rural areas that have reduced
their health care infrastructure.

Importantly, while we found that rural hospitals had ade-
quate bed capacity to accommodate COVID-19 hospitaliza-
tions, there are other reasons to be concerned about hospital
resource shortages in rural areas during hospitalization
surges. Rural areas have fewer clinicians per capita than
urban areas, making it difficult to find replacement staff
should a doctor or a nurse become ill. As such, increases in
COVID-19 hospitalizations in rural areas may have strained
clinician capacity, even when it did not strain overall bed
capacity. A similar concern holds for the availability of ICU
care, which requires specialized clinicians and is in short
supply in rural areas (Charities Center for Rural Health,
2020). Moreover, rural hospitals tend to have fewer assets
(Holmes et al., 2017), so it may have been difficult for rural
hospitals to provide high-quality care for COVID-19 patients,
which can require costly investments in protective equip-
ment and other new medical supplies.

Second, we found evidence that urban hospitals were able
to control occupancy rates by adding significant bed capacity
during COVID-19 hospitalization surges, while rural hospi-
tals had smaller increases in capacity. This pattern is consis-
tent with lower resource levels at rural hospitals, which may
impede efforts to respond to the increasing demand for
COVID-19 care. However, our finding that the total occu-
pancy rates for rural hospitals were lower than for urban hos-
pitals suggests the possibility that additional capacity was
not added at rural hospitals because it was not needed. Future
work could provide more evidence on what types of hospi-
tals added bed capacity during COVID-19 hospitalization
surges, beyond the rural-urban distinction.

Third, we found similar rates of COVID-19 hospitaliza-
tions per confirmed COVID-19 case across rural and urban
areas, suggesting that the increased hospitalization burden
in rural areas was due to the higher number of underlying
cases. Policymakers might, therefore, emphasize policies
that aim to lower case rates. One example is increasing
COVID-19 vaccination rates, which were lower in rural
areas compared with urban areas during the study period
and can result in lower levels of immunity and increased
cases. Relatedly, many states addressed COVID-19 surges
with statewide policies, failing to take rural areas’ specific
needs and preferences into account (Ajilore, 2020). Such
one-size fits all policy responses could have contributed
faster and broader spread of the disease in rural areas
(Callaghan et al., 2021).

Our study has several limitations. First, the UMN data only
included six states, limiting our ability to study patterns in
COVID-19 hospitalizations early in the pandemic; however,
to the best of our knowledge, the UMN data represent the most
extensive coverage of hospitalizations prior to August 2020.
Second, we compared rural versus urban hospitalizations
overall, which may mask important heterogeneity within each
group. In particular, there may be important differences in hos-
pitalization patterns and available resources in micropolitan
rural areas (which have some proximity to urban centers) ver-
sus isolated rural areas. Future work could usefully disentan-
gle rural COVID-19 hospitalization patterns along this
dimension. Third, there may be measurement error in our hos-
pitalization variable. In the UMN data, states varied in their
definition of COVID-19 hospitalizations, with some states
reporting confirmed hospitalizations and others reporting sus-
pected COVID-19 hospitalizations; thus, the UMN data may
overestimate the number of true COVID-19 hospitalizations
in some states. In the HHS data, hospital-week data were sup-
pressed if it was based on fewer than four hospitalizations, and
therefore not counted toward the county aggregation. As such,
the analyses with the HHS data may represent an underesti-
mate of COVID-19 hospitalizations relative to the UMN data.

To our knowledge, this study is the first to quantify the
COVID-19 hospitalization burden across rural and urban
areas. As policymakers debate how to address the COVID-
19 pandemic, our analysis provides important insights into
the allocation of hospital resources. A major risk of COVID-
19 surges is that demand for care will exceed the capacity of
the health care system. Our findings are relevant for under-
standing what resources are needed and where, and for
ensuring adequate hospital capacity as state and local gov-
ernments move to loosen COVID-19 restrictions.
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