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IMPORTANCE COVID-19 incidence and mortality are higher among incarcerated persons
than in the general US population, but the extent to which prison crowding contributes
to their COVID-19 risk is unknown.

OBJECTIVE To estimate the associations between prison crowding, community COVID-19
transmission, and prison incidence rates of COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This was a longitudinal ecological study among
all incarcerated persons in 14 Massachusetts state prisons between April 21, 2020, and
January 11, 2021.

EXPOSURES The primary exposure of interest was prison crowding, measured by (1) the size
of the incarcerated population as a percentage of the prison’s design capacity and (2) the
percentage of incarcerated persons housed in single-cell units. The analysis included the
weekly COVID-19 incidence in the county where each prison is located as a covariate.

MAIN OUTCOMES AND MEASURES The primary outcome was the weekly COVID-19 incidence
rate as determined by positive SARS-CoV-2 tests among incarcerated persons at each prison
over discrete 1-week increments.

RESULTS There was on average 6876 people incarcerated in 14 prisons during the study
period. The median level of crowding during the observation period ranged from 25% to
155% of design capacity. COVID-19 incidence was significantly higher in prisons where the
incarcerated population was a larger percentage of the prison’s design capacity (incidence
rate ratio [IRR] per 10-percentage-point difference, 1.14; 95% CI, 1.03-1.27). COVID-19
incidence was lower in prisons where a higher proportion of incarcerated people were
housed in single-cell units (IRR for each 10-percentage-point increase in single-cell units,
0.82; 95% CI, 0.73-0.93). COVID-19 transmission in the surrounding county was consistently
associated with COVID-19 incidence in prisons (IRR [for each increase of 10 cases per
100 000 person-weeks in the community], 1.06; 95% CI, 1.05-1.08).

CONCLUSIONS AND RELEVANCE This longitudinal ecological study found that within 14
Massachusetts state prisons, increased crowding was associated with increased incidence
rates of COVID-19. Researchers and policy makers should explore strategies that reduce
prison crowding, such as decarceration, as potential ways to mitigate COVID-19 morbidity
and mortality among incarcerated persons.

JAMA Intern Med. doi:10.1001/jamainternmed.2021.4392
Published online August 9, 2021.

Invited Commentary

Author Affiliations: Harvard
T.H. Chan School of Public Health,
Boston, Massachusetts (Leibowitz);
University of Colorado School of
Medicine, Denver (Leibowitz);
Medical Practice Evaluation Center,
Massachusetts General Hospital,
Boston (Siedner, Mohareb); Division
of Infectious Diseases, Massachusetts
General Hospital, Boston (Siedner,
Mohareb); Harvard Medical School,
Boston, Massachusetts (Siedner,
Tsai, Mohareb); Center for Global
Health, Massachusetts General
Hospital, Boston (Siedner, Tsai,
Mohareb); Mongan Institute,
Massachusetts General Hospital,
Boston (Siedner, Tsai).

Corresponding Author: Amir M.
Mohareb, MD, Medical Practice
Evaluation Center, Massachusetts
General Hospital, 100 Cambridge St,
16th Floor, Boston, MA 02114
(amohareb@mgh.harvard.edu).

Research

JAMA Internal Medicine | Original Investigation

(Reprinted) E1

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 08/15/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.4392?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.4392
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.4389?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.4392
mailto:amohareb@mgh.harvard.edu


C OVID-19 has presented unique clinical and public health
challenges for carceral settings, including jails, pris-
ons, and immigration detention centers. The US has the

largest carceral system in the world in terms of both total num-
ber of incarcerated persons and per capita incarceration.1

COVID-19 incidence in state and federal prisons is estimated
to be more than 5 times higher than that in the general
population.2 Similarly, age- and sex-adjusted COVID-19 mor-
tality rates have been reported to be 2 to 3 times higher among
incarcerated persons than in the general US population.3

There are many possible reasons for higher COVID-19
incidence in carceral settings, such as crowded living condi-
tions; reduced access to testing and medical care; inconsis-
tent implementation of risk mitigation techniques, such as
hand hygiene and mask wearing; frequent passage of correc-
tional staff, vendors, and visitors between the community and
correctional facilities and frequent transfer of incarcerated in-
dividuals between housing units and from local jails to state
prisons; and environmental factors, such as poor ventilation
and cell structure.4,5 In the US, correctional facilities also regu-
larly exceed their design capacity, and several physicians and
public health experts have suggested that there is an associa-
tion between the level of crowding in prisons and the COVID-19
risk among incarcerated persons.6,7 However, both state policy
makers and state court decisions have noted a lack of epide-
miologic evidence supporting this proposed association.8

Our study aims to address this lack of empirical evidence
and determine the extent to which prison crowding is associ-
ated with COVID-19 risk. Our primary objective was to esti-
mate the association between prison crowding and the
incidence of COVID-19 among incarcerated persons in Massa-
chusetts state prisons.

Methods
Study Design
We conducted a longitudinal ecological study of COVID-19
incidence in Massachusetts state prisons between April 21,
2020, and January 11, 2021. Prisons are distinct from jails,
houses of correction, and juvenile detention facilities be-
cause they have a lower rate of turnover within their incarcer-
ated populations. Our analysis included 14 of the 16 state pris-
ons operated by Massachusetts Department of Correction with
a total of 38 weeks of data. We excluded 2 facilities that are
unique in their level of turnover and availability of on-site medi-
cal personnel: the Lemuel Shattuck Hospital Correctional Unit,
which provides medical care to incarcerated persons within
a public hospital, and the Massachusetts Alcohol and Sub-
stance Abuse Center, which houses individuals in short-term
substance use rehabilitation. All 14 prisons uniformly imple-
mented the same COVID-19 mitigation policies: mask wear-
ing, hand hygiene, cessation of in-person visitation during pe-
riods of high community transmission, quarantine for newly
incarcerated persons, symptom screening by correctional staff,
and isolation and testing for anyone with symptoms sugges-
tive of COVID-19.8 This analysis was conducted using deiden-
tified, publicly available data sets and thus was exempt from

human subjects review and informed consent processes based
on the Common Rule (45 CFR § 46.104(d)(4)).

Data Sources
Data were derived from 5 publicly available sources. First, we
used COVID-19 reports from the Massachusetts Department of
Correction, which state the number of positive SARS-CoV-2
tests in each prison and the number of people incarcerated in
each prison. These reports have been published on a weekly
or daily basis since April 13, 2020, pursuant to Committee
for Public Counsel Services v Chief Justice of the Trial Court
(SJC-12926), and the data can be downloaded from ACLU of
Massachusetts.9 When there was daily reporting, we calcu-
lated an average population for each prison across each 1-week
increment. Second, we used the Massachusetts Department
of Correction weekly Institution Cell Housing Reports, which
state the number of people within each prison housed in single
cells and the total number of people incarcerated in each prison.
These data have been available since June 15, 2020.10 Third,
we used the Massachusetts Department of Correction Quar-
terly Report on the Status of Prison Capacity to determine the
design capacity, security level, and sex of individuals in each
prison.11 Fourth, we used the data repository from the 2019
Novel Coronavirus Visual Dashboard, operated by the Johns
Hopkins University Center for Systems Science and Engineer-
ing, to obtain the number of COVID-19 cases in each Massa-
chusetts county.12 Fifth, we used 2019 US Census Bureau es-
timates for the population of Massachusetts state and counties.

Outcome and Exposure Measures
Our primary outcome measure was the weekly COVID-19 in-
cidence rate as determined by positive SARS-CoV-2 tests among
incarcerated persons at each prison per week. Our primary ex-
posure of interest was the weekly level of crowding in each
prison, which we estimated using 2 definitions. First, we cal-
culated each prison’s average population in a given week as
a percentage of its design capacity. The design capacity of
a prison refers to “the number of inmates that planners
intended for a facility”13 and is available from the Massachu-
setts Department of Correction Quarterly Report on the Sta-
tus of Prison Capacity.11 Second, we calculated the percent-
age of incarcerated persons in each prison housed in single cells

Key Points
Question Is prison crowding associated with the risk of COVID-19
among incarcerated persons?

Findings In this longitudinal ecological study including all
incarcerated persons in 14 Massachusetts state prisons from
April 2020 to January 2021, on average 6876 persons, COVID-19
incidence was significantly higher in prisons operating at a higher
percentage of their design capacity and was significantly lower
in prisons where a higher proportion of incarcerated people were
housed in single-cell units.

Meaning Prison crowding was associated with increased
COVID-19 incidence rates; strategies that reduce crowding and
increase single-cell occupancy should be explored to mitigate
COVID-19 risk in prisons.
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during each week. In this second definition, we used prison
population estimates from the Institution Cell Housing
Reports to match the source of single-cell housing data.10

Covariates
We included the weekly COVID-19 incidence in the county
where each prison is located as a covariate. These estimates
were calculated by dividing the number of new cases per week
in relevant counties by Census Bureau population data and then
scaling to generate cases per 10 000 person-weeks. We did not
have access to individual-level demographic data for incar-
cerated persons, such as age, comorbidities, socioeconomic
status, prior zip code, or race/experiences of discrimination.

Primary Analysis
We used generalized estimating equations Poisson regres-
sion with robust SEs to account for the repeated-measures
structure of our data. Our unit of observation was each 1-week
increment for each prison. The outcome of interest for the
model was the case count in each prison per week, and we
included an offset term with each prison’s weekly average
population size. We evaluated 3 models of COVID-19 inci-
dence, all of which adjusted for the county-level COVID-19
incidence covariate. In model 1, we considered prison crowd-
ing as a continuous variable: incarcerated population as a per-
centage of the prison’s design capacity, which was deter-
mined by the Massachusetts Department of Correction
Quarterly Report on the Status of Prison Capacity.11 In model
2, to consider a nonlinear association between crowding and
incidence, we categorized prison crowding into 3 levels: those
with incarcerated populations below 70%, between 70% and
100%, and greater than 100% of the prison’s design capacity.
We chose these thresholds because they have been consid-
ered feasible policy goals for moderate and aggressive decar-
ceration strategies.8 In model 3, we defined prison crowding
as a continuous percentage of incarcerated persons housed
in single-cell units. We used 2-tailed P values and considered
P < .05 to be statistically significant.

Sensitivity Analyses
We conducted a number of sensitivity analyses to assess the
robustness of the findings. To assess for potential lagged
associations between crowding and SARS-CoV-2 incidence
owing to the estimated incubation period of infection,14-16 we
evaluated the same 3 models but specified lags of crowding
1 week and 2 weeks prior to the outcome. We also evaluated
whether the sex of the incarcerated population in each prison
could be a confounder by including sex in our multivariable
models. Although prison security level was considered as a
possible covariate in sensitivity analyses, we did not analyze
this variable owing to its collinearity with the prison crowd-
ing variables.

Secondary Analysis
As a secondary analysis, we compared the overall incidence
rate of COVID-19 among incarcerated persons in our study with
the concurrent rate of the general population of Massachu-
setts. The COVID-19 incidence rate among incarcerated per-

sons was calculated as the total number of positive tests dur-
ing the study period divided by the observed person-time. The
COVID-19 incidence rate in the Massachusetts general popu-
lation was calculated as the number of new cases during the
study period divided by the observed person-time. All analy-
ses were conducted using Stata, version 16.1 (StataCorp LLC.).

Results
Prison Characteristics
The 14 prisons included in the analysis have a total design ca-
pacity of 7287 persons (range, 100-1084 persons per prison).
Twelve prisons were designated male and 2 were designated
female. During the study period, there was an average of 6876
persons housed within the 14 facilities. Prisons ranged in their
median crowding level during the study period from 25% to
155% of design capacity. Prisons ranged from a median of 7%
of people housed in single-cell units during the study period
to 100% of people housed in single-cell units (Table 1).

Primary Analysis
In model 1, COVID-19 incidence was significantly greater among
prisons operating at a higher percentage of their design capac-
ity (incidence rate ratio [IRR] [per 10-percentage-point differ-
ence], 1.14; 95% CI, 1.03-1.27) (Table 2). In model 2, COVID-19
incidence was significantly greater among facilities operat-
ing above 100% of design capacity (IRR, 4.86; 95% CI, 1.37-
17.27), compared with less than 70% of design capacity. Pris-
ons operating at 70% to 100% of design capacity also had a
higher estimated COVID-19 incidence (IRR, 3.39; 95% CI, 0.83-
13.84), but this was not statistically significant in the primary
analysis. In model 3, COVID-19 incidence was significantly
lower in prisons in which a higher percentage of people were
housed in single-cell units (IRR [per 10-percentage-point dif-
ference in single-cell occupancy]. 0.82; 95% CI, 0.73-0.93).

Across all regression models, community COVID-19 trans-
mission in the county where each prison is located was asso-
ciated with prison-level COVID-19 incidence (IRR [per 10 cases
per 100 000 person-weeks], 1.06; 95% CI, 1.05-1.08 for model
1). Graphical depiction of the incidence of COVID-19 in pris-
ons during the study period across strata of crowding and
COVID-19 incidence in surrounding counties is presented in
the Figure.

Sensitivity Analyses
When using 1- and 2-week lags, the crowding metric for all
3 models retained statistical significance and had point esti-
mates within the CI of the primary analysis. Furthermore,
prisons operating at 70% to 100% of design capacity also had
a statistically significant association with higher COVID-19 in-
cidence when specified with a 1- or 2-week lag (Table 3) com-
pared with those operating at less than 70% design capacity
(1-week lag IRR, 5.08; 95% CI, 1.51-17.02; 2-week lag IRR, 4.39;
95% CI, 1.09-17.73). All crowding metrics were robust to inclu-
sion of sex as a covariate. COVID-19 incidence in the county
surrounding each prison remained significantly associated with
prison cases in all sensitivity analyses.
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Secondary Analysis
During the study period, there were 2497 reported cases of
COVID-19 among incarcerated persons. The mean COVID-19
incidence rate in prisons was 956 cases per 100 000 person-
weeks. In comparison, COVID-19 incidence in the state of
Massachusetts was 150 cases per 100 000 person-weeks dur-
ing the study period (IRR, 6.38; 95% CI, 6.14-6.64).

Discussion
In this study, we found that COVID-19 incidence among
incarcerated persons was associated with prison crowding
and with transmission in the surrounding community.
We used 2 different variables to estimate the association
between prison crowding and the rate of COVID-19 in Massa-
chusetts state prisons. These 2 metrics—incarcerated popu-
lation as a percentage of design capacity and the percentage
of incarcerated persons in single-cell units— fluctuated dur-
ing the study period, and both were associated with a higher
incidence of COVID-19.

There are 3 important findings in this study. First, for
every 10% increase in prison population (as a percentage
of prison design capacity), there was a 14% increased risk of
COVID-19. Similarly, compared with weeks when prisons
maintained an incarcerated population below 70% of design
capacity, prisons operating between 70% and 100% and pris-
ons operating at more than 100% of their design capacity
had approximately 3- and 5-fold higher incidence rates of
COVID-19, respectively. Our study demonstrates an associa-
tion between prison crowding and increased COVID-19 inci-
dence and suggests that COVID-19 risk can remain high even
in prisons that operate below their design capacity when
community transmission is high. Our results are consistent
with a recently published stochastic compartmental model,
which showed that a strategy of decreased prison crowding
was associated with reduced transmission, hospitalizations,
and deaths.17

Second, we found that for each 10% increase in the per-
centage of people housed in single-cell units, facility COVID-19
incidence rates were reduced by 18%. This observation is con-
sistent with the stochastic compartmental model described

Table 1. Prison Characteristics and Crowding Metrics in Massachusetts Prisons, April 21, 2020, to January 11, 2021

Facility
ID

Security
level Sex

Design
capacity

Incarcerated population,
No. (% design capacity)

Incarcerated persons in single cell,
No. (% population)

Median IQR Median IQR
01 Minimum Male 100 116 (116) 109-122 (109-122) 45 (40) 40-47 (36-43)

02 Minimum Female 125 32 (25) 29-37 (23-30) 29 (100) 29-31 (85-100)

03 Minimum Male 150 53 (35) 43-60 (29-40) 49 (100) 41-57 (100-100)

04 Minimum Male 150 151 (100) 144-153 (96-102) 84 (56) 82-89 (54-63)

05 Medium Male 227 205 (90) 200-207 (88-91) 190 (92) 187-193 (91-93)

06 Medium Female 452 180 (40) 176-184 (39-41) 106 (61) 94-112 (52-65)

07 Medium Male 561 547 (98) 534-559 (95-100) 157 (29) 154-163 (28-30)

08 Medium Male 568 883 (155) 854-907 (150-160) 64 (7) 57-69 (6-8)

09 Medium Male 580 705 (121) 698-718 (120-124) 264 (38) 254-271 (36-39)

10 Medium Male 614 527 (86) 515-559 (84-91) 115 (22) 110-123 (21-24)

11 Maximum Male 633 417 (66) 383-474 (61-75) 397 (100) 376-431 (100-100)

12 Medium Male 1019 1116 (109) 1092-1157 (107-114) 491 (44) 476-503 (43-46)

13 Maximum Male 1024 668 (65) 632-675 (62-66) 508 (80) 485-523 (72-82)

14 Medium Male 1084 1250 (115) 1233-1259 (114-116) 691 (56) 680-702 (54-57)

Abbreviation: IQR, interquartile range.

Table 2. Generalized Estimating Equation Poisson Regression Model Estimates of Factors Associated
With COVID-19 Incidence in Massachusetts Prisons, April 21, 2020, to January 11, 2021

Variable

Incidence rate ratio (95% CI)a

Model 1 Model 2 Model 3
County-level COVID-19 incidence
rate (per 10 cases per 100 000
person-weeks)

1.06 (1.05-1.08)
(P < .001)

1.06 (1.05-1.08)
(P < .001)

1.06 (1.05-1.07)
(P < .001)

Prison population density (per
10-percentage-point difference)

1.14 (1.03-1.27)
(P = .01)

NA NA

Prison population density

<70% NA 1.00 [Reference] NA

70%-100% NA 3.39 (0.83-13.84)
(P = .09)

NA

>100% NA 4.86 (1.37-17.27)
(P = .01)

NA

Single-cell occupancy (per
10-percentage-point difference)

NA NA 0.82 (0.73-0.93)
(P = .002)

Abbreviation: NA, not applicable.
a All estimates derived from

generalized estimating equations
Poisson regression models.
Incarcerated population density
is reported as percent of facility
design capacity. Model 1:
incarcerated population density
as a percentage of design capacity
modeled as a continuous variable;
model 2: incarcerated population
density as a percentage of design
capacity modeled as a categorical
variable; model 3: percentage
of incarcerated persons in
single-cell units.
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previously.17 These observations are also consistent with prior
studies of other communicable diseases in prisons.18 A re-
cent study evaluating the association between COVID-19 in-
cidence and nursing home crowding in Ontario, Canada, found
that nursing home facilities with more single-occupancy rooms
had a lower incidence of COVID-19 compared with nursing
home facilities that had more multiperson rooms.19 In pris-
ons where cells are shared between 2 or more people, our study
suggests that decreasing the prison population and maximiz-
ing single-cell occupancy may reduce the incidence of COVID-
19. Single-celling strategies that involve solitary confinement
are not a recommended COVID-19 risk mitigation strategy,
given their harmful effects on the health of incarcerated
persons.20-23 Rather, single cells should only be used to in-
crease physical distancing between individuals and should not
prevent other prison activities, such as outdoor recreation or
communication with loved ones.4

Our third important finding was that there was an asso-
ciation between COVID-19 incidence in prisons and commu-
nity transmission. This association was observed despite the
implementation of systemwide hygienic precautions, mask
wearing, and quarantine and isolation. This suggests that
COVID-19 risk in incarcerated populations is associated with
the force of infection in the surrounding community and that
correctional staff and contractors are important vehicles of
COVID-19 transmission into prison facilities and vice versa.
The transfer of incarcerated persons from jails to prison or be-
tween prisons may have introduced COVID-19 in some cases,
although this was likely mitigated by the Massachusetts
Department of Correction’s 14-day quarantine policies for all
incoming individuals. Introduction of cases into facilities by
visitors is an unlikely explanation for this finding because visi-
tation was suspended during periods of high community-
level transmission.8 This association between COVID-19 in
the prison and the surrounding community is consistent with
a recently published study observing that county-level incar-
ceration rates in jails are associated with a 6.5% increase in
mortality from infectious diseases.24

However, the burden of COVID-19 does not appear to be
shared equally by incarcerated persons and those in the broader
community.25,26 During the study period, COVID-19 inci-
dence in prisons was 956 per 100 000 person-weeks, which
was more than 6 times higher than among the general Massa-
chusetts population. Although the degree to which detected
cases reflects true prevalence in these 2 populations is uncer-
tain, our study’s finding that incarcerated persons had a higher
incidence of COVID-19 than the general public is consistent with
similar research at both state and federal levels.3 Our study
suggests that interventions that mitigate COVID-19 risk in
surrounding communities, and, by extension, among prison
staff members, could serve multiple public health priorities for
the incarcerated population and the population at large.

Limitations
This study should be interpreted within its design limita-
tions. First, population density was not randomly assigned, and
we did not have access to individual-level data. Unmeasured
variables that are associated with both prison crowding and

COVID-19 incidence could confound our estimates of the
association between these 2 variables. In particular, prison
architecture was not considered in this study and could have
biased our estimates of the association between prison crowd-
ing and COVID-19 incidence away from the null. Second, our
definition of COVID-19 incidence relied on public reporting of
SARS-CoV-2 testing results, so asymptomatic and untested
COVID-19 cases were not observed. The Massachusetts state
prison system did not conduct regular asymptomatic surveil-
lance testing, so our analysis might underestimate the extent
of asymptomatic infection. The stated testing policy was uni-
form across all facilities involved in our analysis, but we can-
not be certain about the extent to which underreporting was
uniform across facilities. Third, we also did not include data
on testing among correctional staff. Our data were limited to
results captured by the Massachusetts Department of Correc-
tion and excluded health care and other external testing
sources. Fourth, these analyses do not allow us to conclude
the extent to which prison security level is associated with
COVID-19 incidence independent of prison crowding owing to
its collinearity with the crowding metrics. Security level may
be related to the extent to which incarcerated persons are
allowed to congregate, the amount of movement between dif-
ferent areas of a prison, or enforcement of COVID-19 policies.
Consequently, further research is needed to delineate the
exact nature of this association. Fifth, our findings are best
generalizable to similar correctional facilities and may not gen-
eralize to juvenile detention centers.

Despite these limitations, our findings indicate that prison
crowding may be an important driver of COVID-19 incidence
in state prisons. Public health experts have proposed a num-
ber of potential ways to reduce COVID-19 among incarcer-
ated persons, including decarceration and expanded applica-

Figure. Association Between Incarcerated Population Density,
COVID-19 Community Incidence, and COVID-19 Incidence
in Massachusetts State Prisons, April 21, 2020, to January 11, 2021
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tions of medical parole. Importantly, we found a gradient of
increasing COVID-19 incidence even among prisons that oper-
ated well below their design capacities, suggesting that crowd-
ing reduction policies in settings of high community transmis-
sion may be most effective in reducing the risk of COVID-19 if
they are based on conservative thresholds of prison crowding.
Given that carceral populations experience a higher COVID-19
mortality rate compared with the general population,27,28 poli-
cies such as decarceration could be explored as public health
interventions to reduce the risk of COVID-19 infections and mor-
tality in this vulnerable population. Although public safety must
be considered when enacting decarceration policies, prior re-
search has shown that significant reductions in prison popula-
tions can be accomplished without endangering public safety.29

Similar risks exist in immigration detention facilities, which are
also subject to crowded conditions.30 In each of these settings,
other policies should also be pursued to reduce COVID-19 trans-
mission risk and related morbidity and mortality, such as vac-

cination for both correctional staff and incarcerated persons,
routine symptom screening, asymptomatic testing, and mask
wearing/hand hygiene.17,31 Our study has broad implications for
public health policy given that COVID-19 vaccine coverage
in carceral settings continues to be suboptimal, both in the US
and abroad. Future studies should also examine the associa-
tions between prison crowding (and decarceration) with other
transmissible infections.

Conclusions
In this longitudinal ecological study, COVID-19 incidence within
Massachusetts state prisons during April 2020 to January 2021
was associated with prison crowding and community trans-
mission. Interventions that promote prison depopulation and
reduce staff exposure should be pursued to mitigate COVID-19
risk among incarcerated persons.
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receiving grants from the National Institutes of
Health (T32AI007433) outside the submitted work;
and provision of pro bono advising and written
expert declarations in the following litigation

Table 3. Sensitivity Analysis of Factors Associated With COVID-19 Incidence in Massachusetts Prisons,
April 21, 2020, to January 11, 2021

Variable

Incidence rate ratio (95% CI)a

Model 1 Model 2 Model 3
1-wk Lag

County-level COVID-19 incidence rate
(per 10 cases per 100 000
person-weeks)

1.06 (1.05-1.08)
(P < .001)

1.07 (1.05-1.08)
(P < .001)

1.06 (1.05-1.07)
(P < .001)

Prison population density (per
10-percentage-point difference)

1.16 (1.05-1.29)
(P = .004)

NA NA

Prison population density

<70% NA 1.00 [Reference] NA

70%-100% NA 5.08 (1.51-17.02)
(P = .008)

NA

>100% NA 6.97 (2.50-19.41)
(P < .001)

NA

Single-cell occupancy (per
10-percentage-point difference)

NA NA 0.80 (0.71-0.90)
(P < .001)

2-wk Lag

County-level COVID-19 incidence rate
(per 10 cases per 100 000
person-weeks)

1.06 (1.05-1.08)
(P < .001)

1.07 (1.05-1.08)
(P < .001)

1.06 (1.05-1.07)
(P < .001)

Prison population density (per
10-percentage-point difference)

1.17 (1.05-1.31)
(P = .004)

NA NA

Prison population density

<70% NA 1.00 [Reference] NA

70%-100% NA 4.39 (1.09-17.73)
(P = .04)

NA

>100% NA 7.04 (2.58-19.20)
(P < .001)

NA

Single-cell occupancy (per
10-percentage-point difference)

NA NA 0.80 (0.70-0.91)
(P = .001)

Abbreviation: NA, not applicable.
a All estimates derived from

generalized estimating equations
Poisson regression models.
Incarcerated population density
is reported as percent of facility
design capacity. Model 1:
incarcerated population density
as a percentage of design capacity
modeled as a continuous variable;
model 2: incarcerated population
density as a percentage of design
capacity modeled as a categorical
variable; model 3: percentage
of incarcerated persons in
single-cell units.
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regarding COVID-19 and incarcerated persons:
Mays v Dart (Ill 2020), Foster v Mici (Mass 2020,
2021), and Savino v Hodgson (Mass 2020).
No other disclosures were reported.
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