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Objectives. To empirically evaluate the relationship between presence of a state or federal prison and
COVID-19 case and death counts.

Methods. We merged data on locations of federal and state prisons and of local and county jails with daily
case and death counts in the United States. We used a selection-on-observables design to estimate the
correlation between prisons and COVID-19 spread, controlling for known correlates of COVID-19.

Results. We found empirical evidence that the presence and capacities of prisons are strong correlates of

county-level COVID-19 case counts. The presence of a state or federal prison in a county corresponded with
a 9% increase in the COVID-19 case count during the first wave of the pandemic, ending July 1, 2020.

Conclusions. Our results suggest that the public health implications of these facilities extend beyond the
health of employees and incarcerated individuals, and policymakers should explicitly consider the public

health concerns posed by these facilities when developing pandemic-response policy. (Am J Public Health.
2021;111(8):1534-1541. https://doi.org/10.2105/AJPH.2021.306352)

P risons, meat-packing plants,
nursing homes, and rural health

systems have all been identified as
structural vulnerabilities to US public
health," but our understanding of the
role of prisons in COVID-19 spread is
limited. As of November 30, 2020, at
least 252 000 incarcerated individuals
(incarcerated persons and detainees)
and employees in US prisons and jails
tested positive for the coronavirus, and
1450 died.? Incarcerated individuals are
a highly vulnerable population whose
barriers to timely health care include
requiring incarcerated individuals to pay
copays for health care, a practice that is
legal in 35 states.®™ People of color are
both disproportionately represented in
prisons and disproportionately affected
by COVID-19.58 Finally, prisons are vital
to the economy of many small and
midsized towns in America.” Despite
these issues and calls for increased
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public health interventions in prisons,'®
the statistical relationship between
prisons and COVID-19 cases and
deaths has not been adequately
quantified.

Recent work has highlighted the
structural vulnerabilities of prisons and
the public health risk to the surrounding
communities.""" Incarcerated individu-
als and employees at prisons are at risk
from “crowded dormitories, shared lav-
atories, limited medical and isolation
resources, daily entry and exit of staff
members and visitors, continual intro-
duction of newly incarcerated or
detained persons, and transport of
incarcerated or detained persons in
multi-person vehicles." 2P>87) There
have been numerous case outbreaks in

prisons,>'?

particularly during the first
wave of the pandemic.'
Prisons are worthy of special public

health scrutiny because closing prisons

is politically and practically challenging
compared with other institutional set-
tings (such as meat-packing plants and
schools) that have also been shown to
foster COVID-19 outbreaks. Even when
prisons are “shut down,” incarcerated
individuals and correctional employees
remain on-site, and employees typically
returnto their homes after their shifts. In
contrast, meat-packing plant closures
have been somewhat successful in
slowing outbreak growth, in part
because meat-packing plant employees
are not on-site."® The inability to close a
prison suggests that containing and
slowing an outbreak from a prison may
pose a greater challenge. In this light, our
finding that outbreak magnitude is
increasing in proportion to prison pop-
ulation and capacity has important
implications for local public health offi-
cials as well as prison facility planning
and management.
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The evidence we show that prisons
are correlated with COVID-19 spread
could be of particular use to researchers
and policymakers working in rural and
suburban contexts. Over 2.1 million
people are incarcerated in the United
States at any given time; following a
surge of prison construction in the
1990s, a disproportionate number of
prisons are located in nonmetropolitan
areas.”'®"” There is a broad literature of
community economic development on
the impacts of prisons on the commu-
nities in which they are located.'®'® The
existing literature on the public health
implications of prisons on the sur-
rounding communities, however,
focuses more on public health within the
prison populations as opposed to
potential spillovers from prisons to the
health of the surrounding population. In
light of the current pandemic and the
salience of these facilities, our work
provides vital insight on the intersection
between prisons and short- and long-
term public health outcomes.

METHODS

We analyzed the presence of state and
federal prisons as a correlate of COVID-
19 spread by matching data on prison
locations and capacities, reported cases
and deaths, and county-level demo-
graphic and weather controls. Our data
extended from January 20, 2020 (the
date of the first reported US case)
through July 1, 2020; this roughly corre-
sponds to the “first wave” of the out-
break. Our identification came from a
selection-on-observables design, using
counties without prisons as our control
group. This assumes that pre-COVID-19
prison location decisions are orthogonal
to outbreak severity after controlling for
county-level covariates. We controlled
for county-level characteristics that have

already been identified in the literature
as correlates of COVID-19 spread.'>2°
This helped to strengthen the quality of
our control group and ruled out alter-
native explanations of a statistical rela-
tionship between case load and location
of prisons other than the presence and
size of the facilities themselves.

We modeled our econometric meth-
ods and choices of control variables on
existing literature'>?% the former pro-
vided the core methodology for esti-
mating community-level correlations
of COVID-19 cases, and the latter
demonstrated the importance of meat-
processing plants in community trans-
mission. We estimated the following
using ordinary least squares regression:

Outcome. = B * Prison,

k
(/I) + anCJ'+Vs+UC

J=1
where Outcome, is the inverse hyper-
bolic sine transformation of either cases
or deaths in county c or is the outbreak
delay, defined as the difference between
the first reported US case and when
cases within the county exceeded 1 per
100000. (We used the inverse hyper-
bolic sine transformation to account for
zeros. Using data through July 1, 2020,
there were 24 counties with 0 cases and
1106 with O deaths.) The variable Prison,
is either a binary measure of state or
federal prison presence, or a continuous
measure of prison capacity (measuredin
1000-person increments). Our parame-
ter of interest, B, measures the effects of
prisons on the outcome of interest. Each
Xx;is a county-level regressor drawn from
the existing COVID-19 literature, includ-
ing presence of a meat-packing facility,
log population, population density, indi-
cators for degree of county urbanness
or rurality, population share commuting
by public transit and outside the county,
population share older than 75 years,
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population share residing in a nursing
home, average daily temperature in
February to April 2020, log household
median income, the social capital index,
and Republican vote share during the
2018 congressional election. We also
controlled for the days since first case—
that is, the days (measured from July 1)
since cases in that county exceeded 1
per 100000 population. All else being
equal, counties with earlier outbreaks
will likely have more total cases. We
included state fixed effects () and used
robust standard errors in all specifica-
tions. Following best practices in the
literature, we should not have—and did

127 As we

not—cluster at the state leve
only had 1 observation for each county,
we were thus unable to cluster standard
errors at the level of treatment (the
county), as would otherwise be
recommended

We first estimated this relationship
between prisons and cases using a
pooled approach, analyzing the total
number of cases and deaths in each
county. In this approach, we truncated
data atJuly 1, 2020, to best predict the
effect of prison presence on the first
wave of COVID-19. There is reason to
believe that after the first wave, the
policy landscape became increasingly
complicated, making it difficult to disen-
tangle the effect of these facilities from
endogenous school shutdowns, univer-
sity openings, etc. Limiting analysisto the
first wave also avoids issues of differen-
tial susceptibility as more of the com-
munity has full or partial immunity from
previous waves. Additionally, the first
wave of the pandemic is important to
study in and of itself given that a first
wave is guaranteed in future pandemics,
although subsequent waves are not.

Even after limiting analysis to the first
wave of the pandemic, we may have
contaminated controls if counties
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responded to early outbreaks by build-
ing testing centers, sourcing ventilators,
or adjusting work and school policies,
which might bias the results of our
pooled sample. To account for this, we
estimated Equation 1 using a duration-
equalized sample, where we sub-
sampled the data starting 30 days after
the initial onset in each county and
resampled every 30 days. We defined
initial onset as the day that cases first
exceeded 1 per 100 000 population. This
created a “snapshot” of prison and con-
trol counties at the same relative pointin
the outbreak.

Our identification strategy relied on
exogeneity between prison presence and
COVID-19 spread and death rate after
controlling for other county character-
istics. Although the placement of prisons
clearly predates COVID-19 and therefore
cannot be subject to reverse causality,
there are legitimate concerns related to
both unobserved heterogeneity and
measurement error. However, Taylor and
coauthors found that ordinary least
squares results are robust to alternative
modeling strategies aimed at addressing
endogeneity of facility location, including
instrumental variables and matching on
observables.' We took this as supportive
evidence that prison location is largely
exogenous to COVID-19 spread. Our
identification rested on the stable unit
treatment value assumption, requiring
that there were no spatial spillovers
between counties with prisons and those
without. To control for spatial spillovers,
we included measures of the share of the
population commuting out of the state
and county for work. To the extent that we
may not have fully captured spatial spill-
overs, we expected them to inflate cases
and deaths in nontreated counties, bias-
ing our results toward zero. As in all
studies with observational data, the
identification was imperfect, but, in the
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FIGURE 1— correlation Scatterplot of Number of Jails and State and Federal
Prisons in a County, by Quintiles and Capacity: United States, 2020

Note. The color gradient represents the correlation coefficient. Presence of a state or federal prison is
broken up by the total capacity of state or federal prisons within the county. For state prisons, we
combine the first and second quintiles, which contain all counties with no prison capacity (54% of
counties). For federal prisons, the first through fourth quintiles contain the counties with no prison

capacity (93% of counties).

most plausible cases, it biased our results
toward zero. Our findings are best inter-
preted as a lower bound for the correla-
tion between prison presence and scale
on COVID-19 transmission.

COVID-19 case data came from 2
public data sources. First, we used
county-level data on case counts and
deaths collected by Johns Hopkins Uni-
versity.?? Second, we used a daily tracker
of case counts available through the New
York Times.? We used this second source
of case counts in the duration-equalized
analysis, following existing work.2°
Prison capacities and locations came
from the US Department of Homeland
Security.?> There are 5808 incarceration
facilities in the data, 2100 of which are
state or federal facilities. We considered
a facility as being present in the county if
ithad a capacity greater than 0. The data
do not include private prisons, which

account for roughly 8% of the US prison
population.?* Of 3142 counties and
county equivalents, 922 had a prison
(Figure A, available as a supplement to
the online version of this article at http://
www.ajph.org). Figure 1 presents a cor-
relation matrix of the number of jails and
state and federal prisons in a county,
which we divided into quintiles by
capacity. The presence of a prison of any
size was negatively correlated with the
presence of a second prison in the same
county, which reflects the fact that
counties must bid for prison contracts,
andbeingawarded 1 contract decreases
the chance of being awarded another.
We took this as evidence that prisons
were not strongly colocated.
County-level demographic data (pop-
ulation, household median income,
share of the population aged 75 years
and older, and share of the population


http://www.ajph.org
http://www.ajph.org

Independent variable Outcome Effect (95% Cl)
Prison in county Cases 0.09 (0.01, 0.16)
Prison in county Deaths 0.06 (-0.04, 0.16)
Prison capacity Cases —_— 0.05 (0.02, 0.08)
Prison capacity Deaths —_ 0.02 (-0.01, 0.06)
T T T T
-0.05 0.00 0.05 0.10 0.15
Effect

FIGURE 2— Relationship Between State or Federal Prison Presence and
Inverse Hyperbolic Sine (IHS)-Transformed Cases or Deaths by Prison
Presence and Capacity: United States, 2020

Note. Cl = confidence interval. We use ordinary least squares regression to estimate the relationship
between state or federal prison presence (a binary indicator equal to 1 if the county does have a state or
federal prison) and the number of IHS-transformed COVID-19 cases or deaths.?? Column 1 describes
the treatment variable of interest (prison presence or county-level prison capacity in 1000-person
increments). Column 2 describes the outcome variable of interest. The points and spikes represent the
estimated effect size and 95% confidence interval, whereas the last column states these effect sizes and
confidence intervals in numbers. We include state-level fixed effects to account for state policy and
economic factors that may be associated with COVID-19 spread. We control for presence of a meat
processor within the county, days since cases exceeded 1 per 100 000 population, logged population,
population density, urban-rural classification dummies, population share commuting by public transit,
population share older than 75 years, population share living in a nursing home, average temperature
February to April, logged median household income, the social capital index value, and 2018 midterm

Republican vote share.

commuting by public transit, out of the
county, and out of the state) came from
the 2018 and 2019 American Commu-
nity Survey 5-year estimates.?> County
land area came from the US Census
Bureau. Urban-rural classifications
came from the National Center for
Health Statistics Urban-Rural Classifica-
tion Scheme for Counties.?® Population
share residing in a nursing home came
from the Nursing Home Compare Data-
sets: Provider Info.?” We used the Social
Capital Index, which is a county-level
index with mean 0 and standard devia-
tion 1.°® Average daily temperature from
Februaryto April came from the National
Oceanic and Atmospheric Administra-
tion.?? Slaughterhouse and meat pro-
cessor presence came from the Meat,
Poultry and Egg Product Inspection
Directory, available through the US
Department of Agriculture.?° Republican
vote share in the 2018 midterm con-
gressional election came from Stephen
Pettigrew.?' Geographic matching used
SimpleMaps.* We report covariate
means and standard deviations by

whether the county contained a prison
(Tables A and B, available as supple-
ments to the online version of this article
at https://www.ajph.org). Our final sam-
ple consisted of 2979 counties with
matched prison presence data and
controlvariables and 1880 counties with
matched prison capacity data and con-
trol variables. We tested for robustness
to this smaller sample in online Table G
(available as a supplement to the online
version of this article at https://www.
ajph.org).

RESULTS

After controlling for covariates, we found
that COVID-19 cases were 9% higher in
counties with a prison (Figure 2) and that
they were increasing in proportion to
incarcerated population and total
capacity (measured in 1000-person
increments). An additional 1000-person
capacity is correlated with a 4.96%
increase in cases.

We found no evidence that prisons
were correlated with COVID-19 deaths.
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Medical researchers and epidemiolo-
gists have shown that the causal chain
from cases to deaths is complexand can
be affected by individual accessto health
care, preexisting conditions, and hospi-
tal capacity, including ventilator
access.>*3* Health care access may be
higher in the vicinity of prisons, as prison
employees are typically state or federal
employees with health care benefits for
themselves and their families. (We are
unaware of prison employees being
required to report for duty despite being
sick, unlike in the meatpacking industry.)
Our results highlight the need for a
nuanced investigation of the link
between prisons and fatal or nonfatal
COVID-19 cases.

Figure 3 shows that the relationship
between prison presence and COVID-19
cases was robust to different outbreak
duration choices. Prison presence cor-
responded to an 11% increase in cases
after30daysanda 16% increase after 60
days, both of which were larger effects
than in the pooled sample. The result
plateaued after 120 days, supporting
our choice of the July 1 cutoff.

We investigated the relationship of
federal prisons, state prisons, and jails
with COVID-19 outcomes in Figure 4 and
Table G (available as a supplement to the
online version of this article at https://
www.ajph.org). Whenwe included jails, we
found no evidence that counties with a
prison or jail had larger outbreaks than
counties with neither. Considering each
type of facility separately, we found that
cases were 11% higher in counties with a
state prison, whereas cases were no
higher in counties with a federal prison or
a jail. The weak relationship between jails
and cases was likely due to attenuation
bias, since 61.2% of all counties had at
least 1 jail or prison, whereas only 31% of
counties had a state or federal prison. The
null result for federal prisons suggests
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that the federal prison lockdown, which
wentinto effect on April 1,2020, may have
been successful in slowing COVID-19

spread in and around prisons.2%3’

DISCUSSION

We found that the presence of a prison
corresponded with a 9% increase in
cases withinthe county. Casesincreased
with the capacity of the prison, and
federal and state prisons were stronger
correlates of case counts than local and
county jails (hereafter, “jails”). We con-
clude that both the presence and scale
of incarceration facilities matter for dis-
ease spread.

We calculated a back-of-the-envelope
estimate of US COVID-19 cases associ-
ated with presence of prisons. In our
data, there were 2653 050 confirmed
COVID-19 cases as of July 1, 2020. As we
expected the effects of prisons to be
particularly important for rural and sub-
urban communities, we calculated these
associated cases for each of the
rural-urban classification groups. Using
the coefficients from Figure 2, we found
that 132582 cases (4.9% of all cases as
of July 1) were associated with prisons,
with the greatest number of associated
cases found in larger, more metropoli-
tan areas. These numbers are smaller
than those found in studies looking at
the Sturgis Motorcycle Rally super-
spreader event (in August 2020%) and at
meat processors'® but are still sizable
and important. This is particularly true
when we consider the opt-in nature of
these large superspreader events, in
contrast to the absence of choice that
incarcerated individuals have in
where they are incarcerated and how
correctional facilities respond to
transmission risk.

Next, we accounted for heterogeneity
in the effect by urban-rural
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Data
Sample Outcome Effect (95% Cl)
30 days Cases —_— 0.13(0.04,0.22)
60 days Cases —_— 0.18(0.09, 0.27)
90 days Cases S e— 0.13(0.05,0.22)
120 days Cases —_— 0.07 (0.01,0.14)
150 days Cases —_— 0.07 (0.01,0.12)
30 days Deaths e e 0.03 (-0.05,0.11)
60 days Deaths — 0.09 (-0.00, 0.19)
90 days Deaths 0.08 (-0.02, 0.18)
120 days Deaths R 0.06 (-0.03,0.16)
150 days Deaths —_—T 0.04 (-0.05,0.12)
T T

T T T T
-0.05 0.00 0.05 0.10 0.15 0.20 0.2
Effect

FIGURE 3— Relationship Between State or Federal Prison Presence and
Inverse Hyperbolic Sine (IHS)-Transformed Cases or Deaths by Days Since

Outbreak: United States, 2020

Note. Cl = confidence interval. We use ordinary least squares regression to estimate the relationship
between state or federal prison presence (using binary indicator equal to 1 if the county does have a
state or federal prison) and IHS-transformed cases or deaths using a duration-equalized sample of
counties a certain number of days since outbreak onset.>® Column 1 indicates the number of days since
outbreak onset in that county. Column 2 indicates the outcome variable of interest. The points and
spikes represent the estimated effect size and 95% confidence interval, whereas the last column states
these effect sizes and confidence intervals in numbers. We include state-level fixed effects to account
for state policy and economic factors that may be associated with COVID-19 spread. We control for
presence of a meat processor within the county, logged population, population density, urban-rural
classification dummies, population share commuting by public transit, population share older than 75
years, population share living in a nursing home, average temperature February to April, logged median
household income, the social capital index value, and 2018 midterm Republican vote share.

classification. Table K (available as a
supplement to the online version of this
article at https://www.ajph.org) uses the
coefficients from 3 separate regressions
of prisons on case counts, split by
urban-rural classification (regression
results are reported in Table J, available
as a supplement to the online version of
this article at https://www.ajph.org).
Increases in prison capacity are corre-
lated with increases in cases in all
classifications. However, smaller
counties have smaller capacity prisons,
on average, and the dummy for prison
presence is only significant in large,
urban counties. Less than 1% of
micropolitan or noncore cases are
associated with prison presence,
whereas the population share in large
central or fringe counties is over 16%,
or 300903 cases.

Finally, we used the coefficient esti-
mates from our main specification to
conduct a back-of-the-envelope calcu-
lation of the number of spillover cases
beyond those in prison outbreaks
themselves. We collected state-level
cumulative totals of the number of cases
and deaths among incarcerated indi-
viduals and corrections officers and staff
around July 1, 2020 (data collected by
the Marshall Project'®). (Some states did
notreporton exactlyJuly 71,2020, so data
comes from June 28 toJuly 3.) We then
compared the number of cases and
deathsin prisons to the estimated cases
associated with prisons to estimate the
spillover of cases beyond 6 prison
environments. We estimated a total
spillover of 95055 cases and 3336
deathsacross all 50 states (excluding the
District of Columbia, for which prison-


https://www.ajph.org
https://www.ajph.org

Independent Variable Outcome Effect (95% Cl)

Local/county jail Outbreak delay -0.45(-1.07,0.17)
Local/county jail Cases T 0.04 (-0.04,0.12)
Local/county jail Deaths —— 0.08 (-0.02,0.18)
State prison Outbreak delay —_— 0.39(-0.16, 0.95)
State prison Cases — 0.11 (0.04,0.19)
State prison Deaths —— 0.09 (-0.01,0.19)
Federal prison Outbreak delay 0.24 (-0.80, 1.29)
Federal prison Cases —_— 0.01(-0.15,0.16)
Federal prison Deaths —_— 0.05 (-0.15,0.25)
T T T T

T T T T
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 1.25

Effect

FIGURE 4— Relationship Between Prisons or Jail Presence by Governance
Type and Either COVID-19 Outbreak Delay, Inverse Hyperbolic Sine (IHS)-
Transformed Cases, or IHS-Transformed Deaths: United States, 2020

Note. Cl = confidence interval. We use ordinary least squares regression to estimate the relationship
between prisons or jail presence by governance type (a binary indicator equal to 1 if the county has a jail,
state prison, or federal prison) and either COVID-19 outbreak delay (days since cases exceeded 1 per
100000 population in the county), IHS-transformed cases, or IHS-transformed deaths.?? Column 1
describes the treatment variable of interest (a binary indicator for whether the county has ajail, a state
prison, or a federal prison). Column 2 describes the outcome variable of interest. The points and spikes
represent the estimated effect size and 95% confidence interval, whereas the last column states these
effect sizes and confidence intervals in numbers. We include state-level fixed effects to account for state
policy and economic factors that may be associated with COVID-19 spread. We control for presence of a
meat processor within the county, days since cases exceeded 1 per 100 000 population, logged
population, population density, urban-rural classification dummies, population share commuting by
public transit, population share older than 75 years, population share living in a nursing home, average
temperature February to April, logged median household income, the social capital index value, and

2018 midterm Republican vote share.

specific case and death data were not
available). We take this as suggestive
evidence that the effects of prisons on
COVID-19 transmission extends beyond
cases and deaths among incarcerated
individuals and corrections officers

and staff.

Limitations

Despite the significant results presented
here, there are limitations when using
data on COVID-19 case counts and
deaths. Testing is inconsistent through-
out the United States, and shortages of
tests have made it difficult for individuals
exhibiting symptoms to get tested.*
This is exacerbated by the fact that
asymptomatic carriers are often
unlikely to be tested at all, making
reported case counts a noisy proxy for
the true level of cases.

Pertinent to our work, testing protocol
in prisons varied significantly across
states and facilities. In late April, some

facilities began testing all incarcerated
individuals, whereas others had stopped
testing altogether.*® We cannot rule out
that the spike in cases we detected was
influenced by large-scale testing in the
prisons. However, we detected a signif-
icant increase in cases 30 days after
outbreak onset, which is before the
earliest reported mass testing in prison
for the median county. Moreover, we
found a difference up to 150 days after
the outbreak onset, suggesting contin-
ued cases beyond an initial testing spike.
Finally, our estimate of prison-related
cases exceeds the actual number of
casesin prisons, suggesting spread from
prisons to the surrounding community.
Finally, we interpret our results as
correlational evidence of the relation-
ship between these facility types and
COVID-19 spread, rather than causal
evidence. Although the location decision
for prisons should be exogenous to
county-level spread, future work is
needed to strengthen this causal link. As
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data become available, especially at an
individual level, researchers may
distinguish between the risk of prison
presence and the risk of proximity to
a prison.

CONCLUSION

We present the first empirical evidence
that prisons are strongly correlated with
COVID-19 case counts. The relationship
is robust to multiple specifications and is
increasing in prison capacity. Our results
highlight public health concerns in sub-
urban and rural America with respect to
the presence and scale of prison facili-
ties. Although economies of scale existin
general for prisons in terms of profit-
ability and cost-effectiveness and for
local policymakers in terms of job crea-
tion, we found evidence that public
health risk is higher around larger facil-
ities. These counties may also need
proportional public health infrastruc-
ture to cope with potential adverse
outcomes.

Our results suggest that coordinated
responses, particularly closures, may be
effective in slowing the spread of out-
breaksinand around prisons. Prisons, in
conjunction with small or underfunded
local hospitals, may make rural out-
breaks worse or unmanageable. Com-
munity leaders will want to consider the
role of prisons when developing
response plans for outbreaks of com-
municable disease. Such response plans
should include the spatial distribution of
personal protective equipment, equip-
ment such as ventilators, and general
prevention funds, making specific con-
siderations for the safety of incarcerated
individuals, prison employees, and their
families. Coordination between prison
and public health officials on mitigation
strategies is vital to keeping these
essential institutions functional.
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Finally, this work speaks to structural
vulnerabilities of the US health care
system that are deserving of the focus of
policymakers. The impact of COVID-19in
these facilities—and the impact of these
facilities on their wider communities—
underscores how unprepared US health
care and carceral systems are for global
health crises. 4JPH
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