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Summary
Background The increased risk of tuberculosis (TB) among people deprived of liberty (PDL) is due to individual and
institution-level factors. We followed a cohort of PDL from 5 prisons in Paraguay to describe the risk of TB during
incarceration and after they were released.

Methods We linked a 2013 national census of prisons with TB records from the TB Program from 2010 to 2021 to
identify TB notifications among incarcerated and formerly incarcerated individuals. We used multivariable Cox
regression models to quantify the risk of TB during and following incarceration and to identify risk factors associated
with TB.

Findings Among 2996 individuals incarcerated, 451 (15.1%) were diagnosed with TB. Of these, 262 (58.1%) cases
occurred during incarceration and 189 (41.9%) occurred in the community after release. In prison, the hazard ratio of
developing TB was 1.97 (95% CI: 1.52–2.61) after six months of incarceration and increased to 2.78 (95% CI:
1.82–4.24) after 36 months compared with the first six months. The overall TB notification rate was 2940 per 100,000
person-years. This rate increased with the duration of incarceration from 1335 per 100,000 person-years in the first
year to 8455 per 100,000 person-years after 8 years. Among former prisoners, the rate of TB decreased from 1717 in
the first year after release to 593 per 100 000 person-years after 8 years of follow up.

Interpretation Our study shows the alarming risk of TB associated with prison environments in Paraguay, and how
this risk persists for years following incarceration. Effective TB control measures to protect the health of people
during and following incarceration are urgently needed.

Funding Paraguay National Commission of Science and Technology grant CONACYT PIN 15-705 (GS, GES, SA).

Copyright © 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND IGO license
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Introduction
Tuberculosis (TB) in prisons is an important public
health concern, as the increasing burden in various
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regions of the world is hindering overall TB control.
Recent estimates for the South American region show
that the contribution of TB among people deprived of
Asunción (UNA), Paraguay.
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Research in context

Evidence before this study
It is well known that prisons are high-risk environments for
tuberculosis (TB) transmission. TB prevalence within prisons
far exceeds community rates, and with regular movement of
incarcerated individuals between prisons and communities,
this excess TB often spreads beyond prison walls. However,
there is limited data on the incidence risk patterns following
incarceration and release. We searched PubMed with the key
terms: “tuberculosis”, “incidence”, “prison”, and “release” or
“community” for articles published in English before October,
2023. This search identified 254 articles. We identified only
one article from Brazil that quantified the risk of TB during
and after incarceration, showing that the risk of TB was 30
times higher in prisons than in the community and persisted
several years after release among those who were previously
deprived of liberty.

Added value of this study
This study, conducted from an initial cohort of 2996 people
deprived of liberty from 5 prisons in Paraguay, allowed us to
retrospectively observe how TB cases progressively developed
over time during imprisonment and after release. We also
measured how some factors such as overcrowding, time spent

in prison, and re-incarceration affect the risk of developing TB
within prison or after release. This study shows that the rate
of developing TB increases considerably after each year spent
in prison, from 1335 per 100,000 person-years in the first
year to 8455 per 100,000 person-years after 8 years. Upon
release, the incidence of TB decreases. However, even after 8
years of follow up in this group, their TB rates remain 10
times higher than community rates. This study also quantifies
the relationship between a higher density of people deprived
of liberty living per prison cells and an increased risk of
developing TB.

Implications of all the available evidence
Our study shows the alarming risk of TB associated with
prison environments in Paraguay, and how this risk persists
for years following incarceration and release. These results call
for urgent and effective TB control measures to protect the
health of people during and following incarceration. Given the
high contribution of TB in prisons to the overall TB burden in
Paraguay, successful TB control interventions (including
structural changes that reduce overcrowding) are likely to
have a considerable impact on national TB burden indicators.
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liberty (PDL) to the general TB burden more than
doubled between 2011 and 2017.1 This upward trend of
TB in prisons, the increase in its population attributable
fraction, and its role as an amplifier of TB epidemics in
the community call for renewed attention to this public
health problem2,3

The spread of TB in prisons presents a complex
health problem that is magnified in the context of mass
incarceration. In this setting, a continuous and dynamic
process of social interaction between the prison popu-
lation and the community exists. TB outbreaks in
prisons have been associated with higher TB incidence
in the community and vice versa. Another contributing
factor to poor TB control in countries with high incar-
ceration rates is the inconsistent follow-up of individuals
infected with TB in prison who are released before
completing treatment.4,5 Limited data is available on the
spillover effect and risk of TB among PDL once they are
released from prison.

In 2020, the TB incidence rate in Paraguay was 48
cases per 100,000 inhabitants, but in prison settings it
climbed higher than 3000 cases per 100,000 in-
habitants.6 In the last 10 years, the incarceration rate in
Paraguay has doubled, reaching 200 PDL/100,000
population in 2020. Consequently, the increase in
incarceration has been accompanied by a rapid in-
crease in the proportion of TB cases nationally that
occur in prison (7.1% in 2009 compared to 14.5% in
2018).7 This has forced the National TB Control Pro-
gram (NTP) to redirect its limited health resources on
integral control strategies with an increasing focus on
prison health.3,8

In order to better understand the impact of incar-
ceration on the global TB burden, we must first char-
acterise the excess TB burden among incarcerated and
previously incarcerated individuals.4,9 Therefore, we
conducted a study to estimate the risk of TB in a cohort
of PDL who were registered in a national prison census
of Paraguay in 2013 and followed up until December
2021. In addition, we examined risk factors and the time
course of TB during incarceration and following release
from prison.
Methods
Study design
This was a retrospective longitudinal study following a
cohort of PDL for the development of TB during and
after incarceration. We linked three national data sour-
ces, including incarceration census data (2013), digital
records of five prisons (2010–2021), both from the
Ministry of Justice (MoJ) and TB case notification data
from Paraguay’s NTP (2010–2021) in the Ministry of
Health (MoH).

Study setting
Our study focusses on five of Paraguay’s 18 prisons: the
National Penitentiary Tacumbú, the National Peniten-
tiary Emboscada, the Regional Prison of Ciudad del Este
(CDE), the Padre Juan Antonio de la Vega Penitentiary,
www.thelancet.com Vol ▪ ▪, 2023
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and the Esperanza Penitentiary. These prisons represent
30% of the overall prison population in the country and
located near the country’s most populated cities: Asun-
ción (Paraguay’s capital city) and CDE. All five prisons
house only men. Further, these prisons register the
movement of PDL within the national prison system
including their entry, relocation, release, and re-
incarceration data. Movement between prisons other
than those included in the study is rare, especially due to
their geographic location. In these cases, the PDL were
censored at the time of relocation.

Data sources and linkage
Our study cohort included all PDL registered in the
National Prison Census conducted from March 4 to
March 15, 2013 (data provided by MoJ). The prison
census provided the following variables for this study:
name, surname, sex, date of birth, literacy, occupation,
income level prior to entering the prison, cigarette or
drug use, type of prison, reason for incarceration (with
or without a sentence) and pavilion or prison sector.

The National TB registry (provided by MoH) is a
compulsory report of all TB confirmed cases. For this
study, data from 2010 to 2021 were analysed, and the
variables collected were: names, surnames, national
identity number, date of birth, date of diagnosis, date of
death, and sociodemographic and clinical data. For all
individuals diagnosed with TB in Paraguay, the national
TB registry included information on patient incarcera-
tion status and the institution in which TB diagnosis
occurred.

The five prisons selected for this study are the largest
and oldest ones, which also have digital records with
high quality data such as: dates of prison entry, reloca-
tion, release dates and re-incarceration through
December 2021.

We conducted two analyses. First, we matched the
2013 prison census to the NTP registry. This enabled us
to measure the percentage of TB cases among in-
dividuals included in the prison census up to 8 years
after the census. However, the prison census was cross-
sectional and did not include information on prison
transfer or releases. Second, we conducted a sub-
analysis in 5 prisons for which prison entry and
release dates were available. We matched this dataset
with the TB registry to identify individuals who were
diagnosed with TB during and after incarceration. We
used the second matched dataset to estimate hazard
rates (Fig. 1).

We used a multi-stage approach to match these
registries. First, our matching algorithm used individual
identity numbers provided in both databases; however,
some identity numbers were incomplete. Secondly, we
used initials of the first name and first surname, date of
birth, and sex. We confirmed all matches manually. The
sensitivity of the analysis was measured by comparing
people with TB registered in the NTP, according to the
www.thelancet.com Vol ▪ ▪, 2023
evaluation of “incarceration” variable (which provides the
information on whether the TB patient was incarcerated
at the time of diagnosis).

TB cases notified three years prior to the prison
census (2010–2012) were excluded in order to appraise
the effect of recent past TB episodes on the subsequent
risk of TB. Individuals incarcerated prior to 2010 were
excluded because of incomplete registration data.

Statistical analysis
We performed a survival analysis among PDL using
notified TB (all forms) as the primary endpoint. Sub-
sequently, we conducted survival analyses among two
sub-populations: 1) PDL who remained incarcerated
after 2013; 2) PDL who were released (and who had no
TB episodes recorded while in prison), commencing
observation-time at release. In the first group, the follow
up period for each individual was determined from the
date of their admission to prison until their release,
death, or the end of the follow-up period (Dec 31, 2021).
For the second group, follow-up time began at the time
of their release until re-entry to prison or the end of the
follow-up period. We performed all statistical analyses
in R, version 3.5.0. We made right-censored survival
analyses for the cohort of PDL and ex-PDL using the
“survival” package.10

We calculated the TB notification rate and 95%
confidence intervals for both PDL and former PDL over
the study period as the number of new cases each year
divided by the number of people at risk at the beginning
of that year, repeating this model for each study year.
We had mortality dates when death occurred in prison,
but not if it happened after the release period if it was
not associated with a TB episode.

We used multivariate Cox regression to measure risk
factors associated with TB. We included a set of pre-
specified sociodemographic and behavioural variables
from the prison census and those related to the prison
environment, such as readmissions, type of prison, level
of overcrowding in the cell room or total time in prison.
We performed two main models: 1) considering only
the initial incarceration (Fig. S1) and 2) considering all
the episodes of incarceration, which is the one ulti-
mately presented in the main text (Table 1)). The life
table showing cumulative risk for TB notification among
PDL by months periods, and the Hazard Function of
cumulative risk for TB notification is showed in sup-
plemental material (Fig. S4). Furthermore, we obtained
the number of people living in each cell or pavilion from
the prison census, and the area of each cell or pavilion
from an architectural study of the prisons carried out in
2018.11 Therefore, overcrowding was defined as a den-
sity measure based on the number of occupants in a
prison pavilion or cell and its area in square meters,
divided in three categories: level 1 = Low: >7 m2 per
person; level 2 = High: 3.5–7 m2 per person and level
3 = Very High: <3.5 m2 per person. Total time in prison
3
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Fig. 1: Flow diagram illustrating the process of linking databases and selecting individuals for survival analysis. The 2013 National Census
of Penitentiary Centers (green) was matched with the National Registry of TB Cases of the NTP, period 2010–2021 (blue). This analysis revealed
1096 cases of TB. PDL from prisons without documented records of entry and exit dates were subsequently excluded (yellow). These cases
represent a total of 2996 PDL in five prisons. Out of these, 451 have developed TB and 2545 prisoners did not develop TB. PDL that had a
prolonged duration of incarceration were excluded (orange).
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is the sum of the time periods in all recorded admis-
sions, is a calculated variable that we named duration of
incarceration. Additionally, we compared the TB risk
within prisons that house <200 prisoners (National
Penitentiary Emboscada, Juan Antonio de la Vega Pen-
itentiary and Esperanza Penitentiary) with larger prisons
(Tacumbú and CDE), which host >1000 PDL.

Missing data was found in various behavioural vari-
ables of the census, but in all cases, it was less than 10%
and its value has been inputted using a predictive mean
matching algorithm that utilizes 3 nearest knots for
continuous predictors (aregImpute function, Hmisc
package in R). Overcrowding variable was the exception,
as this analysis only considered data from the largest
prisons and did not account for missing values in the
other prisons.

Ethics statement
The study was approved by the ethics committee of the
Central Laboratory of Public Health of the MoH of
Paraguay (International Certification FWA N◦
FWAOOO20088) with code CEI-LCSP 91/010217. It
was also authorised by the MoJ of Paraguay (reference
number, MJ/GM/Nº929/2021). Databases needed for
matching were kept in password protected files. Once
matching was completed, the resulting database was
anonymised and data analysis conducted.

Role of the funding source
The funder had no role in data collection, analysis,
interpretation, writing of the manuscript, or decision to
submit the manuscript for publication.
Results
Sociodemographic characteristics of incarcerated
individuals
In 2013, 9413 people were deprived of liberty in the
Paraguayan penitentiary system, of which the five
prisons included in this cohort study accounted for
2996 (31.8%) PDL. All were men and the mean age was
31.1 (SD 9.6) years. Of these, 417 (13.9%) were illit-
erate (four-fold more than the general population).12

The most frequent crime reported was theft or
www.thelancet.com Vol ▪ ▪, 2023
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Variable Categories Total TB % HR 95% CI, p-value

Age More than 45 286 23 7.9 1

31–45 1070 131 12.2 1.59 (0.94–2.69, p = 0.086)

18–30 1640 297 18.1 2.53 (1.51–4.23, p < 0.0001)

Illiterate Yes 417 61 14.5 1

No 2579 390 15.1 1.11 (0.82–1.49, p = 0.50)

Worked No 428 61 14.1 1

Yes 2568 390 15.2 1.12 (0.85–1.49, p = 0.41)

Wage Minimun 717 105 14.6 1

More than Minimun 944 143 15.1 0.96 (0.73–1.27, p = 0.80)

Less than Minimun 1335 203 15.2 1.00 (0.78–1.30, p = 0.97)

Addiction to substances Yes 1203 169 14.1 1

No 1793 282 15.7 1.12 (0.91–1.38, p = 0.29)

Tobacco smoking Yes 1410 199 14.1 1

No 1586 252 15.9 1.15 (0.94–1.41, p = 0.18)

Prision entries 1 1347 145 10.9 1

2 677 109 16.2 1.99 (1.52–2.61, p < 0.0001)

3 405 79 19.4 2.58 (1.89–3.51, p < 0.0001)

4 and more 567 118 20.6 3.36 (2.50–4.50, p < 0.0001)

Duration of incarceration Less than 6 months 400 25 6.3 1

6–18 months 657 90 13.8 1.97 (1.26–3.08, p = 0.0034)

19–36 months 503 100 19.9 2.81 (1.80–4.38, p < 0.0001)

More than 36 months 1436 235 16.4 2.78 (1.82–4.24, p < 0.0001)

Prisons Tacumbú 2209 345 15.6 1

Ciudad del Este 418 96 22.9 2.04 (1.50–2.76, p < 0.0001)

Othersa 369 10 2.7 –

Crime Others Crimes 274 26 9.6 1

Drug trafficking 372 43 11.7 1.42 (0.85–2.37, p = 0.19)

Against persons 940 117 12.4 1.54 (0.98–2.41, p = 0.060)

Against property 1410 265 18.8 1.87 (1.22–2.84, p = 0.0044)

Legal situation Await sentencing 1940 275 14.2 –

Sentenced 1056 176 16.7 1.05 (0.84–1.31, p = 0.69)

Overcrowdingc Level 1 214 21 9.8 1

Level 2 367 41 11.2 1.48 (0.85–2.59, p = 0.18)

Level 3 2046 379 18.5 2.06 (1.28–3.32, p = 0.0027)

N/Db 369 10 2.7 –

The variables used in this model were a-priori specified. aOther prisons: National Penitentiary Emboscada, Padre Juan Antonio de la Vega Penitentiary, and Esperanza
Penitentiary. bMissing value from other prisons. cOvercrowding levels were defined as follows: 1 = Low:>7 m2 per person; level 2 = High: 3.5–7 m2 per person and level
3 = Very High: <3.5 m2 per person.

Table 1: Multivariable Cox regression of factors associated with developing TB among Paraguayan PDL included in the 2013 census of 5 selected
prisons.

Articles
robbery (47.1%; 1410/2996) and 51.3% (1539/2996) of
PDL had a prior history of incarceration. Around two
thirds of PDL (64.8%, 1940/2996) were pre-trial de-
tainees who were awaiting their sentencing process in
prison. All other individuals had a confirmed and
definitive sentence.

TB hazard during and following incarceration
First, we matched the 2013 prison census with the
2010–2021 TB registry to identify TB cases among
people incarcerated at the time of the census. During
the 8 years following the census, 11.6% (1096/9413)
developed TB. Of these, 70.1% (768/1096) were diag-
nosed with TB in prison and 29.9% (328/1096) were
www.thelancet.com Vol ▪ ▪, 2023
diagnosed in the community, according to the national
TB registry.

To estimate the hazard of TB during and following
incarceration, we focussed on five study prisons, for
which we obtained information on timing of prison
entry, release, and transfer. Within the 5 study prisons,
the total follow-up time of the cohort was 15,341 person-
years, with an overall median length of 8.2 years (IQR:
5.63–9.01). The median time of incarceration was 2.25
years (IQR: 0.75–4.58). Almost a third (31.1%); of the
prison population is renewed each year. Once released
from these prisons, the median out-of-prison cumula-
tive follow-up was 4.30 years (IQR: 0.92–7.08). The
overall notification rate was 2940 TB cases per 100,000
5
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person-years. We observed that 15.1% (451/2996)
developed TB during the total years of follow-up. Of
these TB episodes, 58.1% (262/451) occurred while
incarcerated and 29.7% (78/262) of them during the
initial incarceration. Over two fifths (41.9%, 189/451) of
the TB cases registered occurred outside the prison,
with 35.4% (67/189) of them happening after their first
incarceration.

The overall TB notification rate in prison increased
with duration of incarceration, from 1335 per 100,000
person-years (95% CI: 1073–1664) in the first year to
8455 per 100,000 person-years (95% CI: 6651–10,752)
after 8 years in prison. During the first incarceration,
the notification rate in the first incarceration year was
549 per 100,000 person-years (95% CI: 351–865) and
increased to 6459 per 100,000 person-years (95% CI:
4556–9160) after 8 years in prison. The TB notification
rate among released PDL decreased immediately and
steadily through time, from 1717 (95% CI: 1396–2115)
in the first year to 593 per 100,000 person-years after
(95% CI: 267–1326) 8 years of follow up. Among those
who were incarcerated only once, the notification rate
after release decreased immediately from 1196 (95% CI
848–1692) in the first year to 439 per 100,000 person-
years (95% CI 153–1268) after 8 years of release (Fig. 2).

Factors associated with TB risk
The risk of TB during incarceration was greater among
younger PDL, as those aged 18–30 years old had a
higher risk of TB (HR: 2.53; 95% CI: 1.51–4.23,
p < 0.0001) compared to incarcerated individuals older
than 45 years. TB rate was also greater for subsequent
incarcerations. Individuals in their second incarceration
had almost a two-fold risk of TB (HR: 1.99 (95% CI:
1.52–2.61, p < 0.0001), as compared to those during
their first incarceration. The risk increased with each
new admission and reached a HR of 3.36 (95% CI:
2.50–4.50, p < 0.0001) after the fourth readmission,
Fig. 2: Modeled TB notification rate among a) PDL and b) people forme
incarcerated individuals, purple lines indicate notification risk among indiv
notified TB cases by year.
compared to the initial one (Table 1). However, the
shape of the time course of risk during incarceration did
not differ substantially when considering only the first
incarceration. In this group, there was a 2.36 (95% CI:
0.89–6.31, p = 0.086) increased hazard for developing
TB after 6 months of entry, reaching 4.55 (95% CI
1.82–11.35, p < 0.0001) after 36 months in prison
(Fig. S1).

The two largest prisons reported 97.8% (441/451) of
the TB cases in this study. Individuals incarcerated in the
prison of CDE had the highest rate of TB–twice that of
the Tacumbú prison (HR: 2.04; 95% CI: 1.50–2.76,
p < 0.0001). Individuals charged with or convicted of
property crimes, mainly due to theft and robbery, had a
higher risk of TB (1.87, 95% CI 1.22–2.84, p = 0.0044)
compared to drug trafficking or crimes against person.
This was independent of the type of prison, but poorly
associated with the time of the sentence. The rate of TB
also increased with the density of cell. When compared to
individuals residing in cells with >7 m2 per person, those
residing cells 3.5–7 m2/person had a HR of 1.48 (95% CI
0.85–2.59, p = 0.17) and those with <3.5 m2 per person
had HR of 2.06 (95% CI 1.28–3.32, p = 0.0027). Fig. 3
illustrates how almost all of the TB prison population
of the larger prisons (CDE and Tacumbú) were living in
the overcrowding level 3 (87.0% and 81.5%, respectively).
Discussion
By linking Paraguay’s prison census with the National
TB registry, we report a previously undocumented
burden of TB among currently and formerly incarcer-
ated individuals. We found that a substantial proportion
(15.1%) of those incarcerated or who had been recently
incarcerated experienced TB. This study shows that the
risk of TB in PDL remains elevated several years after
incarceration. The TB rates among PDL seen in this
study are amongst the highest for any at-risk population
rly deprived of liberty. Blue lines indicate notification risk among all
iduals during their first incarceration. Blue bars indicate the number of

www.thelancet.com Vol ▪ ▪, 2023
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Fig. 3: Percentage of TB cases according to the level of overcrowding and the distribution of prison population inside the two largest
prisons in the study: a) CDE prison and b) Tacumbú prison. Bars correspond to the percentage of TB cases among PDL according to the rate
of overcrowding of their cell rooms. Blue line corresponds to percentage of TB prison population in each level. A) Regional Prison of Ciudad del
Este and b) National Penitentiary of Tacumbú. Overcrowding level are 1 = Low: >7 m2 per prisoner; 2 = High: 3.5–7 m2 per prisoner; 3 = Very
High: <3.5 m2 per person.

Articles
recorded. The detailed data on incarceration entries and
exits provided us a unique opportunity to follow this
population that is notoriously difficult to track after
leaving prison. Our findings highlight a previously un-
documented population health consequence of incar-
ceration in Paraguay and underscores the urgency of
new programs to protect the health of incarcerated and
formerly incarcerated individuals.

In this study, we found that the risk of developing TB
increases rapidly following prison admission; this risk
was more than 100 times the TB risk in the community.
The high TB rates found after eight years following
incarceration indicate that when the conditions of
incarceration remain unchanged (overcrowding, smok-
ing, malnutrition, etc.) the risk of developing TB accu-
mulates over time. This high risk can be attributable to
the gradual progression of new TB infections acquired
in prisons and/or of pre-existing infections. In both of
these cases, risk is likely to be exacerbated by the pres-
ence of risk factors favouring TB progression. Similarly,
when PDL are released, the risk of developing TB is
much higher than in the general population at more
than 30 times in the first two years after release.
Although this risk decreases gradually, it remains 10
times higher than the risk of TB in the general popu-
lation over 8 years of follow-up. This expected increase
in the TB risk occurring while deprived of liberty and
the decrease in risk after release confirms that prisons
are environments which contribute to the propagation
of TB. In this context, well known individual de-
terminants of TB, such as smoking, drug abuse or
poverty, are insignificant factors in enhancing the TB
risk in the already high-risk, high transmission envi-
ronment of prisons. The poor conditions of Paraguayan
www.thelancet.com Vol ▪ ▪, 2023
prisons, mostly driven by overcrowding, poor ventila-
tion, limited access to healthcare and high exposure
periods, may overshadow the progress that may be
made in TB control in the community.7,13

The elevated risk of TB that is associated with
incarceration also undermines TB control more broadly,
as individuals infected with M. tuberculosis within
prisons may transmit the bacteria beyond prison walls.
We have found genomic evidence that M. tuberculosis
genomic clusters span prisons and into the general
population in Paraguay’s major urban centres, indi-
cating close transmission linkages between prisons and
the community, with similar evidence of infection
spillover in Central West Brazil14,15

Environmental and structural changes in these in-
stitutions may have a considerable impact on TB con-
trol. However, reducing overcrowding will not be
sufficient to substantially reduce the TB burden in
Paraguay’s prisons (in the least crowded prison cells,
5.3–10.3% of individuals developed TB). Our findings
are in line with those from Brazil, where the risk factors
associated with prison environments, increase TB inci-
dence more than the risk factors associated with the
individual factors of this high risk population. Thus,
targeted structural interventions within prisons could
have a substantial effect on the broader TB epidemic.
More importantly, reducing our reliance on incarcera-
tion and significantly reducing prison populations will
decrease the population put at increased risk of TB.16

Although the overall incidence rate of TB in prisons
is not dramatically increasing, the recent upward trends
in general rates of incarceration will result in a consid-
erable number of TB cases in prisons that would
otherwise not exist. This observation correlates with the
7
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increase in overall TB incidence rate reported for
Paraguay. The proportion of PDL with a definitive sen-
tence for a crime was only 26.2% at the time of the
census, the remaining ones were pre-trial detainees,
awaiting the judicial process for a trial. In Latin Amer-
ica, Paraguay has one of the highest proportions of pre-
trial detainees among all PDL.14,17 Reforms in the penal
system must include decarceration as well as expediting
a definite sentence. Although this problem seems to be
primarily judicial, the impact on the public health is
considerable.

We found that almost a third (31.1%) of the popu-
lation in prisons is renewed each year. This population
cycles between prison and the general community
leading to substantial transmission spillover. We found
that 3/4 of TB cases among former PDL occurred in the
first 3 years after being released, suggesting that
screening at the time of prison exit (and periodically
after that) may be efficient targeted interventions.16,18

When former PDL are reintegrated within a commu-
nity with lower TB risk, exit screening may improve the
identification of TB cases to allow for preventive in-
terventions among persons at high-risk of subsequently
developing TB, and thus reducing the spread of the
disease. Furthermore, due to the high risk of TB among
former PDL, primary care screening algorithms may
consider persons with a recent history of incarceration.

We found that re-admission into prison is related to
the type of crime (robbery/theft) with a short sentence
(less than 3 years on average) that mostly occurs to
younger prisoners. This is the most frequent profile of
PDL readmitted into prison. A key question is whether
the TB risk in this population is higher in the com-
munity before first entering prison. This could be done
by comparing pre-existing high-risk attributes – such as
poverty, illiteracy, drug abuse, HIV and others–among
persons first entering prison and persons that have not
been incarcerated. The evident increase in TB risk oc-
curs upon incarceration. This phenomenon has already
been described before for several contagious
diseases.16,19,20

In Latin America the collaboration between author-
ities that are responsible for public health and those that
govern prisons is insufficient. This is also why it is hard
to find documented evidence of TB history or incarcer-
ation history among TB cases that occur in the com-
munity, which makes this analysis unique in the
region.16 Renewed joint efforts between these two sec-
tors are needed to improve overall TB control, but
particularly to address TB in prisons.

Our study has some limitations. First, utilizing
cross-sectional data has certain limitations. The socio-
demographic characteristics of the PDL were collected
through census questionnaires and might not be
accurately captured by the discrimination and stigma
that the PDL population is subjected to. Second, our
study cohort includes five of the 18 prisons in the
Paraguayan penal system, including two of the largest
prisons with the highest TB rates in the country. Larger
prisons hold more prisoners with higher over-
crowding, and these large-prisons were over-
represented in this study. Additionally, if any of the
prisoners included in this study had readmissions to
prisons other than those selected, this event could not
be recorded for analysis, potentially underestimating
the total time a PDL was in prison. Third, the TB epi-
sodes are based on TB notification from the NTP, and
it is well known that the surveillance system misses a
proportion of the real TB cases. Thus, although this
study finds very high TB rates, the real prison attrib-
utable rate may be even higher. Lastly, deaths from
non-TB related causes that occurred after release could
not be registered, leading to an overestimation of the
total follow up time and an underestimation of the TB
burden in this subset of individuals.

Our data show that prisons are a high risk setting
for the development of TB, and that the risk continues
after release. There is a critical need to develop new
TB control strategies to achieve the WHO global tar-
gets for 2035 and we believe that implementing and
strengthening TB control interventions in prisons
cannot be neglected to achieve these goals. Specific
interventions within prisons are likely to have a valu-
able impact on reducing the tuberculosis epidemic.
However, these interventions should not solely focus
on biomedical approaches such as active diagnosis,
mass screening, and secondary IPT.16,18 In addition, it
is important to consider architectural reforms aimed
at improving the living conditions within penitentiary
centres and legal reforms including decarceration,
reducing reliance on incarceration, and preventing the
imprisonment of individuals who have not been
sentenced. These measures should be implemented
with a strong focus on upholding human rights
principles.21
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