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Abstract

In the past decade, tuberculosis incidence has declined in much of the world, but has risen

in central and South America. It is not yet clear what is driving this reversal of progress in
tuberculosis control. Since 2000, the incarcerated population in central and South America has
grown by 206%, the greatest increase in the world. Over the same period, notified tuberculosis
cases among the incarcerated population (hereinafter termed persons deprived of their liberty
[PDL], following the Inter-American Commission on Human Rights) have risen by 269%. In both
central and South America, the rise of disease among PDL more than offsets tuberculosis control
gains in the general population. Tuberculosis is increasingly concentrated among PDL; currently,
11% of all notified tuberculosis cases in central and South America occur among PDL who
comprise less than 1% of the population. The extraordinarily high risk of acquiring tuberculosis
within prisons creates a health and human rights crisis for PDL that also undermines wider
tuberculosis control efforts. Controlling tuberculosis in this region will require countries to take
urgent measures to prioritise the health of PDL.

Introduction

Tuberculosis kills more people than any other infectious disease, and in 2018 led to 1-2
million deaths and an additional 251 000 deaths among people living with HIV. Despite
enhanced control efforts, substantial research advances, and increased funding,? in recent
years global tuberculosis incidence has declined only slowly, at a rate of 1-2% per year.!
Alarmingly, in central and South America, tuberculosis incidence has stagnated or risen.!
This reversal in progress against tuberculosis is not fully understood.

Since 2000, the incarcerated population (hereinafter termed persons deprived of their liberty
[PDL], following the Inter-American Commission on Human Rights3) has grown by 24%
globally.* Much of this recent growth has occurred in the Americas,* where 3-8 million
people are currently incarcerated.* In central and South America, the prison population has
expanded by 206% because of increasing incarceration rates over this period (appendix

p 1).# Incarceration has serious social and public health consequences and puts people

at heightened risk of mental illness, chronic diseases, and infectious diseases, including
COVID-19, HIV, hepatitis C, and tuberculosis.>=® Frequently, the epidemiological impact of
incarceration extends to the families and communities of PDL.10

Prisons and other detention centres concentrate people into high-risk environments for
transmission of infection, where access to health care is inadequate (panels 1, 2). The
physical environment of prisons, including extended indoor confinement, poor ventilation,
severe overcrowding, and limited sunlight exposure facilitate airborne transmission of
pathogens.! In a South African prison, overcrowding and poor case finding led to an annual
tuberculosis infection risk of 90%.16 Although incarceration is a pronounced risk factor for
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tuberculosis,1” the effect of incarceration on national tuberculosis control efforts is largely
unknown.

To reach regional and global targets of an 80% decrease in tuberculosis incidence by 2030
(compared with 2015 levels), we need to identify and address drivers of recent increases in
tuberculosis incidence in central and South America. Here, we review data indicating that

the recent substantial growth in imprisoned populations may be an important factor.

Assembling country-level tuberculosis case notifications in prisons and

incarceration data

Although PDL are acknowledged by WHO as a high-risk population for tuberculosis, 8
global data on tuberculosis cases among PDL are not routinely collected. We collaborated
with the Pan American Health Organization (PAHO) and ministries of health to assemble
case notification data for tuberculosis among PDL from 19 central and South American
countries up to 2018. Notification data include total annual new and relapsed tuberculosis
cases among incarcerated populations. The notification data were acquired through PAHO.
Time series of case notifications among PDL differ across countries; to characterise regional
trends over a consistent 6-year period, we extrapolated case notifications among PDL using
cubic splines (appendix p 5).

To calculate the relative risk of tuberculosis among PDL compared with the general
population in the same country and same year (appendix p 5), we included WHO country-
level tuberculosis notifications, which include new and relapsed cases in addition to cases
with unknown tuberculosis treatment history.! We used incarceration data from the World
Prison Brief and again extrapolated missing years (appendix p 5). We used the prisonbrief
R package to access World Prison Brief data. Data and code to reproduce the manuscript
figures are available online.

Increasing incarceration across central and South America

From 2000 to 2018, the prison population increased by 206% across central and South
America, rising from 492 805 to 1 349 063 (appendix p 1).# The greatest relative increases
occurred in El Salvador, where the incarcerated population increased by 411%, and Ecuador,
where the incarcerated population increased by 367%. The pronounced increase in PDL
cannot be explained by the 22-9% growth in the total population from 2000 to 2018, but,
instead, could be explained by rising incarceration rates across all countries in central and
South America (appendix p 1). In 12 countries, incarceration rates more than doubled from
2000 to 2018.

Rapid increases in incarceration rates have led to severe prison overcrowding. Prisons in the
region operate at an average of 167% occupancy. Overcrowding is particularly acute in some
countries; in El Salvador, prisons operate at 348% capacity. Data on capacity are from World
Prison Brief.
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The growing burden of tuberculosis within prisons

From 2011 to 2017, tuberculosis case notifications among PDL quadrupled in central
America (538 to 2489 cases) and more than doubled in South America (7798 to 17 285
cases; figure 1). Tuberculosis is also increasingly concentrated in prisons; in 2011, 8336
(5-0%) of 168 563 reported tuberculosis cases in central and South America occurred
among PDL, compared with 19 774 (11-1%) of 177 622 in 2017 (figure 2). This increasing
concentration of tuberculosis in prisons was most pronounced in Venezuela (113 [1-8%)] of
6282 reported cases in 2011 compared with 1624 [15-3%] of 10 647 reported cases in 2017)
and EI Salvador (225 [11-9%] of 1896 reported cases in 2011 compared with 1889 [51-5%]
of 3666 reported cases in 2017; figure 2).

In all central and South American countries, tuberculosis notification rates among PDL
exceeded rates in the general population (appendix pp 2-3). In Venezuela, Paraguay,
Ecuador, El Salvador, and Guatemala, case notification rates inside prisons were more than
40 times higher than notification rates outside prisons, in the most recent year of available
data (ranged from 2014 [Belize] to 2018 [several countries]; appendix p 3). Although case
notification rates were relatively stable in the general population, they increased in prisons
throughout much of central and South America from 2011 to 2017 (appendix p 2).

The population attributable fraction (PAF) compares the observed tuberculosis burden with
that expected if the risk created by incarceration were eliminated (appendix p 1). The
extremely high and increasing relative risk of incarceration corresponds to an increase in
the PAF of incarceration from 4-5% in 2011 to 9:7% in 2017. The PAF of incarceration
exceeds global PAF estimates of diabetes (3:1%), smoking (7-6%), alcohol use (8-1%),
and HIV (8:1%),! and resulted in more than 16 000 excess tuberculosis cases attributable
to incarceration in 2017. Mass incarceration is recent and incarceration rates are not

fixed, but they have increased markedly since 2000 (appendix p 1). The substantial

PAF of incarceration underscores that reducing exposure to incarceration—by reducing
incarceration rates—could markedly reduce the population-level burden of tuberculosis.

The effect of incarceration on the general tuberculosis epidemic

The increasing tuberculosis burden among PDL in central and South America may explain
recent stalled progress in tuberculosis control. In central America, total annual tuberculosis
notifications increased from 13 082 in 2011 to 14 534 in 2017. Even though overall annual
notifications outside prisons decreased, this was more than offset by the increase of 1951
cases among PDL (figure 1).

Similarly, total annual tuberculosis notifications in South America increased from 155 481
in 2011 to 164 024 in 2017. Declines outside prisons were more than offset by the increase
of 9487 cases among PDL (figure 1). These trends reflect the combined effect of growth in
the incarcerated population and moderate increases in tuberculosis incidence among PDL, in
contrast with the comparatively stable incidence in the general population (appendix p 2).

Although tuberculosis is increasingly concentrated among PDL across the region, the
trajectories of individual countries vary (figure 1). The stark increase in tuberculosis among
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PDL in central America is largely driven by the increase of 1664 cases in El Salvador from
2011 to 2017, while the observed decline in cases outside of prisons can be largely attributed
to declines in Honduras (with a decline of 435 cases) and Nicaragua (with a decline of 438
cases).

With the largest population in the region (209 million in 2018), regional trends in South
America are driven by Brazil, which reported the largest growth in absolute number of
notified tuberculosis cases in prisons (4314 cases). While tuberculosis notifications in this
country declined in the general population, the growth of cases in prisons was more than
the declines from 2011 to 2017, leading to a net growth of tuberculosis cases. Brazil
accounted for 4314 (45%) of the increase in tuberculosis cases among PDL and for 402
(43%) of the decrease in cases in the general population in South America from 2011

to 2017. Tuberculosis cases increased in both the prisons and the general population in
several countries, while in Peru, Bolivia, and Honduras, overall cases declined despite
substantial increases in prisons (figure 1). Cumulatively, central and South America both
reported declines in tuberculosis cases in the population outside prisons, but 11 countries
reported increases in tuberculosis cases outside prisons from 2011 to 2017, most notably in
Venezuela. No country documented decreases in tuberculosis notifications among PDL.

An under-recognised burden and data limitations

Tuberculosis case notifications reflect underlying incidence as well as case detection rates,
which depend on health-care and surveillance infrastructure and can vary across countries.
Although it is difficult to distinguish improvements in case detection from underlying
growth in an epidemic, notification data are likely to underestimate the true burden of
tuberculosis attributable to incarceration. First, the lack of health-care infrastructure in most
prisons suggests that under-reporting is likely. Second, prisons often act as institutional
amplifiers of tuberculosis,3 perpetuating the epidemic through spillover of disease from
high-transmission prison environments into the population outside. However, notification
data do not include infections that occur in prison, but are diagnosed only following release.
Third, prison workers, 19 visitors, and family members are all put at high risk of infection by
entering prisons and contribute to a hidden tuberculosis burden attributable to prisons.

Recent investments in case finding and diagnostic capacity in prisons by many countries

in central and South America may contribute to the observed increases in tuberculosis
notifications among PDL. For example, after a case finding programme was introduced in
El Salvador prisons in 2011, tuberculosis notification rates among PDL increased.?? Cases
notified among PDL may reflect infection in the community before incarceration. However,
our observational and modelling study in Brazil'3 found that at the time of incarceration,
individuals had low prevalence of latent tuberculosis. Rates of tuberculosis rose during
incarceration and, after release, declined to that of the general population over a period of
seven years. These results suggest that the prison environment, rather than host risk factors,
drives tuberculosis risk (panels 1, 2). Concurrent rises in inequality, economic recession, and
cuts in funding for health and social programmes in the region are likely to also contribute
to increases in population-wide tuberculosis incidence (appendix p 2). Finally, estimates of
incarcerated population size may also have low accuracy.
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An escalating health and human rights crisis

Across central and South America, rapid increases in incarceration have put PDL at
extremely high risk of tuberculosis, contributing to a disproportionate and growing burden
of tuberculosis. Although notification rates outside prisons have declined modestly, they
have increased slightly within prisons. The growing epidemic within prisons constitutes a
health and human rights crisis for incarcerated populations and subverts gains in tuberculosis
control elsewhere. Consequently, addressing the escalating tuberculosis burden within and
outside of prisons requires urgent action that extends far beyond biomedical interventions.

The detention of people in environments with extraordinarily high risk of tuberculosis
infection, without access to adequate preventive measures or health care, constitutes
systematic violation of national and international human rights law, including the Nelson
Mandela Rules and the Principles and Best Practices on the Protection of PDL in the
Americas.37:21 As stated by the Institute for Criminal Policy Research, “A sentence of
imprisonment is a sentence of deprivation of liberty, not of damage to health”.22 Human
rights law has been—and should continue to be—invoked to hold states responsible for
protecting the right to health and humane living environments of incarcerated people. For
example, the Rio de Janeiro State public defender sued the state for failing to prevent high
tuberculosis mortality within state prisons.23 In another case, the Inter-American Court of
Human Rights ordered Brazil to implement an emergency health-care plan in Curado Prison
in Pernambuco State to reduce rampant overcrowding and improve tuberculosis diagnosis
and treatment.24

However, we cannot rely on the courts alone to reverse increases in imprisonment. To
minimise the population put at increased risk of tuberculosis, governments will need

to reduce incarcerated populations and find alternatives to criminal justice policies that
rely on detention.2 The early prison releases begun by many countries in response to
the COVID-19 pandemic show that such reductions in prison populations are politically
feasible. Incarceration should be considered a last resort and alternatives such as restorative
justice approaches should be made available in its place.22 Reducing the population of
pre-trial detainees—who make up more than 36% of the incarcerated population across
the Americas26—is one of many ways to reduce the population put at increased risk of
tuberculosis and other infectious diseases.2> The recent growth in the length of prison
sentences also contributes to overcrowding and ageing of the incarcerated population.22
Finally, the criminalisation of drugs is a major driver of increased incarceration across
the Americas, and reforms of drug laws would reduce crowding and thereby diminish
the infection risk associated with prisons.1# In Brazil, for example, the number of
people incarcerated because of drugs increased by 345% from 2005 to 2013.27 The
recent rise in incarceration rates of women across many countries in central and South
America largely reflects the criminalisation of drugs; in many countries, most women in
prison are incarcerated for drug crimes.2’ Drug laws are applied selectively, resulting in
disproportionate incarceration of racial minorities and poor people.2’-29

Immediate action is also needed to reduce health risks for people currently incarcerated
across central and South America. Although several countries in the region have recently

Lancet. Author manuscript; available in PMC 2022 August 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Walter et al.

Page 7

expanded tuberculosis diagnosis in detention facilities,2° diagnostic infrastructure and
overall health care within prisons remain inadequate. Systematic active screening for
tuberculosis at prison entry and exit, improvements in ventilation, isoniazid preventive
therapy, and other infection control measures are likely to improve case finding and reduce
transmission within prisons and spillover outside prisons.11:13:30 Syccess of tuberculosis
treatment is dependent on the continuity of medical care, and improving treatment outcomes
will require expanding access to housing, food, and other essential services during and after
incarceration.” The urgency of this health crisis will require further collaboration between
national tuberculosis programmes, ministries of justice, and correctional system authorities
that could be facilitated by PAHO and other agencies, to ensure that health care is not
differentiated by incarceration status.

An effective response to the crisis of tuberculosis in PDL requires consistent and centralised
reporting and close monitoring of the epidemic in prisons. WHO should collect and

report case notifications among PDL, as PAHO has begun to do, and monitor the PAF

of incarceration, as it does for several other risk factors for tuberculosis.! Although central
and South America have not yet been affected by extraordinarily high rates of drug-resistant
tuberculosis in prisons, as seen in many eastern European countries,3! the current trajectory
suggests that drug resistance should also be closely monitored.32:33

In central and South America, the tuberculosis epidemic continues to impose a substantial
health burden and is increasingly concentrated in PDL. The social and environmental
conditions that drive tuberculosis transmission within prisons also drive transmission of
many other infectious diseases, including COVID-19. Incarceration rates continue to rise in
many countries, and the burden of disease attributable to prisons is growing. These effects
transcend prison walls and may be undermining regional tuberculosis control efforts. The
health and human rights crisis of tuberculosis among PDL and their communities demand
urgent action and sustained attention from ministries of health and justice and the global
medical community.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel 1: Environmental tuberculosis risk factors potentially affected by
incarceration

Incarceration has severe and lasting physical and mental health consequences.®
Over crowding

Prisons are frequently over capacity; many people are forced to live in close proximity,*
where the rate of potentially infectious tuberculosis contacts is high.11

Accessto health care

Prisons often have inadequate health-care capacity and insufficient health-care personnel;
underlying medical conditions may go undiagnosed and untreated; tuberculosis may be
undiagnosed, diagnosed late, or untreated.”-8

Accessto nutrition

Prisons frequently do not provide sufficient, nutritious food, increasing susceptibility to
tuberculosis.’

Poor ventilation

Low air exchange rate within prison cells increases the risk of airborne tuberculosis
transmission.”11

Indoor and unsanitary confinement

Indoor confinement in overcrowded cells increases transmission risk;11 indoor
confinement reduces the potential for the sun’s ultraviolet radiation to inactivate
Mycobacterium tuberculosis and is associated with low concentrations of vitamin D
among incarcerated people, which is linked to increased risk of active tuberculosis
disease.12

Disruption of social and support networks

The removal of people from their families and communities is associated with
deterioration in overall physical and mental health and can increase susceptibility to
many infections.5

Movement by the carceral system

Frequent movement within and between prisons increases the size of contact networks
and can amplify tuberculosis epidemics;13 movement can also disrupt treatment
regimens.
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Panel 2: Host tuberculosis risk factors potentially affected by incarceration

Host risk factors reflect the impact of incarceration and previous incarceration on
individuals, including the disproportionate incarceration of poor people and minority
groups who may have been marginalised by health-care systems before incarceration.

HIV status

Prisons are also high-risk transmission environments for HIV, hepatitis C, and other
infections;14 co-infection with HIV increases susceptibility to tuberculosis.

Smoking

Higher rates of smoking among some incarcerated populations is associated with
increased risk of tuberculosis infectionl® and may increase infectiousness (risk of onward
transmission).1>

Drug use

The criminalisation of drug use and subsequent higher rates of drug use among
incarcerated populations is associated with increased tuberculosis risk.14

Access to health care before incarceration

The disproportionate incarceration of poor people and minority groups perpetuates
disparities in access to health care that may exist before incarceration.’
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Figure 1: Changein notified tuberculosis cases among PDL and the general population from
2011to 2017

Change in notified tuberculosis cases for each country, ordered by cumulative change in
tuberculosis burden over time, and change including all countries in both central and South
America. Time series of case notifications among PDL differ across countries (appendix

p 4); to characterise regional trends over a consistent time frame, we used cubic splines

to extrapolate and interpolate missing years of case notifications among PDL for a 6-year
period (2011-17) as described in the appendix (p 5). PDL=persons deprived of liberty.
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Figure 2: Increasing burden of tuberculosisamong PDL in central and South America
(A) Tuberculosis case notification rate among PDL in the most recent year of reported

data (from 2014 [Belize] to 2018 [several countries]; appendix p 4). The percentage of

Proportion of tuberculosis cases among PDL (%)
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tuberculosis notifications among PDL in central America (B) and South America (C) from

2008 to 2018. Countries with more than ten cases among PDL are included for central
America and more than 100 cases among PDL for South America. Time series of case

notifications among PDL differ across countries (appendix p 4). PDL=persons deprived of

liberty.
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