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The prison setting presents not only challenges, but also opportunities, for the prevention and treatment of HIV, viral
hepatitis, and tuberculosis. We did a comprehensive literature search of data published between 2005 and 2015 to
understand the global epidemiology of HIV, hepatitis C virus (HCV), hepatitis B virus (HBV), and tuberculosis in
prisoners. We further modelled the contribution of imprisonment and the potential impact of prevention interventions
on HIV transmission in this population. Of the estimated 10-2 million people incarcerated worldwide on any given day
in 2014, we estimated that 3-8% have HIV (389000 living with HIV), 15-1% have HCV (1546500), 4-8% have chronic
HBV (491500), and 2-8% have active tuberculosis (286000). The few studies on incidence suggest that intraprison
transmission is generally low, except for large-scale outbreaks. Our model indicates that decreasing the incarceration rate
in people who inject drugs and providing opioid agonist therapy could reduce the burden of HIV in this population. The
prevalence of HIV, HCV, HBV, and tuberculosis is higher in prison populations than in the general population, mainly
because of the criminalisation of drug use and the detention of people who use drugs. The most effective way of controlling
these infections in prisoners and the broader community is to reduce the incarceration of people who inject drugs.

Introduction
From the beginning of the AIDS epidemic in 1981, the
association between HIV, tuberculosis, and prisons was
apparent,! with HIV responsible for a steep rise in
tuberculosis in US prison populations.? This is important
because the prevalence of HIV in prisons in many
countries is high, with one review reporting levels greater
than 10% in 20 low-income and middle-income countries.’
Several factors have a role in the epidemics of HIV,
tuberculosis, and related infections in prisons.* Many
individuals who are most likely to be incarcerated are at
greatest risk of these infections, whether because of
injection drug use for HIV and viral hepatitis or poverty
and overcrowding for tuberculosis. Drug injection is
common in prison inmates, ranging from 2% to 38% in
Europe, 34% in Canada, and up to 55% in Australia, in
stark contrast with the percentage in the general
population, estimated at 0-3% in the European Union and
0-2% in Australia.’ Prisons provide many opportunities
both for the spread* and prevention of these infections.®
The situation is complicated further by the expansion of
parallel prison systems for those suspected of drug use in
at least 27 countries. These compulsory drug detention
centres operate extrajudicially and often under the guise
of drug treatment (panel 1).* Punishment and inhumane
conditions are widespread, but evidence-based treatment
for drug dependence and infectious diseases is rare or
non-existent.”” However, prisons not only pose a threat to
the health of people incarcerated within them. They also
pose a risk to staff and to the population at large, because
detainees are not a static population, but move around the
prison system and back and forth from the outside world.
The risks particularly lie at the interface between prisons
and society outside. In the USA, HIV incidence is highest

in detainees who were released and re-incarcerated
compared with continuously incarcerated prisoners, people
who inject drugs with no history of incarceration, and men
who have sex with men (MSM; panel 2).* The period
immediately after release is especially risky for receptive
syringe sharing, acquisition of HIV and hepatitis C virus
(HCV), and mortality.®** Thus, the transition between the
prison and community settings represents a high-risk

Key messages

+  Prevalence of HIV, HCV, HBV, and tuberculosis is higher in
prison populations than in the general population, mainly
because of the criminalisation of drug use and the
detention of people who inject or use drugs

»  We strongly support the UN’s 2012 call to close
compulsory drug detention centres and expand voluntary,
evidence-based treatment in the community

+ Mathematical modelling suggests that incarceration and
re-incarceration of people who inject drugs contributes to
the overall HIV epidemic and a reduction in incarceration
of this population will reduce the incidence of HIV

+ Evidence-based prevention and treatment such as opioid
agonist therapy and antiretroviral therapy can
substantially reduce the incidence of HIV, HCV, and HBY,
and reduce drug dependence in this population

+ Responses to co-infection with HIV and tuberculosis should
include an integrated, patient-centred model of prevention
and care, with systematic screening of high-risk groups and
equitable access to effective treatment

+ The most effective way of controlling infection in
prisoners and the broader community is to reduce mass
incarceration of people who inject drugs
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Panel 1: Compulsory drug detention centres

Some 27 countries detain drug users, or suspected drug users, in compulsory drug
detention centres for the purpose of treatment or rehabilitation. In east and southeast
Asia, an estimated 600 000 drug users are detained in roughly 1000 (mostly
government-run) centres.’ In Latin America,®® and sub-Saharan Africa,’**? an unknown
number of individuals are detained in hundreds of faith-based and unregulated
residential treatment centres. Abuses in these facilities include being shackled to trees and
starved.” Similar unregistered treatment centres operate in central Asia.**

Detainees are typically held in forms of administrative detention, often without due legal
process, assessment of drug dependency, or informed consent. Evidence-based drug
dependency treatment such as opioid agonist therapy is rarely provided,” while physical
abuse—including torture, forced prayer, forced exercise to sweat drugs out of the body,
and manual labour (sometimes forced labour)—are common.* Estimates of disease
burden in compulsory drug detention centres are given in the appendix (p 31).

In Vietnam, one formerly detained child described punishment in a compulsory drug
detention centre, where the staff beat him on the arm and back with a truncheon. He
reported being held in a small punishment room for 3 months. Another ex-detainee
served his 2-year sentence only to have it extended by 5 years with no reason given.*

In Cambodia, one former detainee reported having his head bashed against a wall until he
lost consciousness.* One child, detained in a compulsory drug detention centre in Cambodia,
said he saw a doctor after he was beaten. After the doctor treated the child, the doctor told
the child to not try and escape again.” In Thailand, individuals detained in compulsory drug
detention centres reported being beaten or made to roll on gravel as a punishment.”®

Ex-detainees have limited or no access to health care. In China, one individual detained in
Guangxi province reported that he was unable to continue taking his antiretroviral drugs
once placed in (compulsory) detoxification. Another person, detained in Yunnan
province, reported that many incarcerated people have tuberculosis and many acquire
tuberculosis while incarcerated, yet there is no treatment.*

These unregulated and abusive forms of detention in the name of drug treatment do not
meet minimum health or human rights standards and should be closed.

environment, especially for people with substance use
disorders.” This is important because, although an
estimated 10-2 million people were incarcerated at any
time in 2014, over 30 million individuals transition from
prison to the community each year* Prisons act as
incubators for tuberculosis and HIV, because they are
associated with higher levels of infection than in the
surrounding populations,** yet many countries have
parallel and vertical systems, with fragmented policy
responses to these interlinked issues—prisons, HIV, viral
hepatitis, and tuberculosis—and
surveillance and treatment during transitions. This Series
paper encourages a coordinated response by reviewing the
global epidemiology of HIV, HCV, HBV, and tuberculosis
in prison populations.**

Disease burden in prisoners and detainees

We did a comprehensive review of studies of prevalence

and incidence data on HIV, HCV, HBYV, tuberculosis, and

co-infection with tuberculosis and HIV in prisoners and

detainees, published between Jan 1, 2005, and
See Online forapppendix ~ Nov 30, 2015, for 196 countries in 2015 (appendix p 2, 4).”

interruptions  of

We searched for studies with biological markers of each
infection in general prisoners and in people who inject
drugs, MSM, female sex workers, and transgender
people, in prisons, jails, and compulsory drug detention
centres.

Of 11000 publications identified, 299 met inclusion
criteria for the meta-analysis of infections (appendix p 7).
These data show substantial heterogeneity in disease
burden across regions (figure 1).

Global estimates of prisoners with HIV, HCV, HBV, and
tuberculosis infection

Of an estimated 10-2 million people incarcerated
worldwide on any given day in 2013,” we estimated the
midpoint of the number infected was 389000 with HIV
(3-8%), 1546 500 with HCV (15-1%), 491500 with chronic
HBV infection (4-8%), and 286000 with active
tuberculosis (2-8%; appendix pp 9, 15, 20, 24).

Overall, prevalence of all infections was substantially
higher in prison populations than in surrounding
communities, especially where there are generalised HIV
epidemics, such as in sub-Saharan Africa,® and where
there is a high prevalence of injection drug use, such as in
eastern Europe and central Asia (figure 1, 2, appendix p 9).%

HIV infection

Pooled estimated HIV prevalence in prisoners

74 of 196 countries” had HIV prevalence data in 2015
(200 datapoints) in prisoners (appendix p 8). The
regions most affected were the two African regions
(east and southern Africa and west and central Africa),
which have a high prevalence in the general population,
and the two European regions (eastern Europe and
central Asia and west Europe), reflecting the over-
representation of people who inject drugs in prison—a
group with a high prevalence of HIV infection.
Transmission via injection drug use also contributes to
the HIV epidemic in the Middle East and north Africa
and Asia Pacific regions.

While injection drug use is rare in the Caribbean and
Latin America, HIV prevalence in prisoners is generally
higher than in North America, possibly reflecting the
concentrated epidemic of HIV in MSM* and cocaine
users in Latin America.*

Female inmates had a slightly higher prevalence of
HIV than male prisoners in six regions (both African
regions, Asia Pacific, both European regions, and North
America) and lower than male inmates in Latin America
and the Middle East and north Africa (appendix p 9).
Notable differences were found in west and central
Africa, where the prevalence of HIV in women was
almost double that of men (13-1% vs 7-1%), and in
eastern Europe and central Asia, where it was almost
three times higher than in men (22-1% vs 8-5%). HIV
prevalence was higher in prisoners than in the general
population in eastern Europe and central Asia (4-1% vs
0-5%) and western Europe (4-6% vs 0-2%).*
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HIV prevalence in imprisoned people who inject drugs
Of the 200 HIV datapoints, only 47 were related to
people who inject drugs in 16 countries. Prevalence
estimates from Iran ranged from 0-7% in 2002 to
18-2% in 2003 and fell to 2-3% in 2007. After two large
outbreaks of HIV in prisons (panel 3), Iran increased
opioid agonist therapy coverage from 100 to over
25000 drug users, provided condoms and conjugal
visits, and piloted six needle and syringe programmes
in prisons from 2002.7* Australia’s HIV infection
prevalence of almost zero in people who inject drugs in
and out of prison can be traced back to very early
introduction of community-based needle and syringe
programmes in 1986, which prevented an estimated
25000 HIV cases in people who inject drugs.*®

Hepatitis C infection

Pooled estimated HCV prevalence in prisoners

46 of 196 countries had HCV prevalence data (171 data-
points; hepatitis C antibody) in prisoners from 2005 to
2015¥ (appendix p 8). HCV infection in prisoners is high
worldwide, exceeding 10% in six regions (figure 1, 3,
appendix p 15). This finding reflects the increased
infectivity and earlier HCV entry into populations of
people who inject drugs compared with HIV.*

Epidemic patterns of HCV infection related to injection
drug use persist in Europe. HCV prevalence estimates
were high in the eastern Europe and central Asia region
at 20-2% (95% CI 11-8-30-1), in west Europe at 15-5%
(12-2-19-1), and in North America at 15-3% (13-1-17-7).
Injection drug use is rare in the Caribbean, which
probably accounts for the absence of HCV data (and
possibly infection) in prison populations. In Latin
America, HCV prevalence was 4-7% (3-1-6-7), also
reflecting the low level of drug injection in this region.
Insufficient data, particularly for female inmate
populations, precluded gender comparisons of the
prevalence of HCV.

HCV prevalence in imprisoned people who inject drugs
Of the 171 datapoints on HCV infection, only 53 related
to people who inject drugs in 19 countries. As expected,
the prevalence of HCV in imprisoned people who inject
drugs was high or very high, ranging from 8% to 95%,
most of which were above 40% (appendix p 28). Only six
countries had multiple datapoints from which trends
could be surmised. With ten datapoints, Iran showed a
clear reduction in prevalence from 78-3% (2001) to
43-4% (2009).” No data were identified for HCV in
people who inject drugs for either African regions or
Latin America.

Hepatitis B infection

Pooled estimated HBV prevalence in prisoners

43 of 196 countries had HBV prevalence data (56 data-
points) in prisoners from 2005 to 2015 (figure 3,
appendix pp 8, 20).” The prevalence of HBsAg in

Panel 2: Mass incarceration and the HIV epidemic in the USA

The US incarceration rate of 716 per 100 000 population is almost five times the global
average of 146 per 100 000.” This translates into 2-2 million people, or almost 1% of the
US population behind bars on any given day in 2013. In the 1970s, this rate was a meagre
75 per 100 000. However, the Rockefeller Drug Laws, introduced in 1973, caused the
incarceration rate to increase by five times in a decade.? Specifically designed to target
heroin and crack cocaine users, these laws mandated lengthy minimum sentences for
many drug offences, including the possession and sale of small quantities of drugs, which
matched sentences for rape, assault, and robbery. These laws took account of previous
offences and culminated in the three-strikes law (ie, three strikes and you are in for life),
for minor, but multiple offences.

By 1985, drug offenders comprised one-third of all inmates in New York state. The burden
of incarceration fell heavily on young black men, who were 40 times more likely to be
incarcerated than their white peers, and Hispanic men, who were 30 times more likely to
be imprisoned than their white peers. New York City’s Rikers Island prison once had the
largest concentration of HIV-positive people in the USA.

HIV prevalence is roughly three times higher in incarcerated individuals than in the general US
population.** HIV prevalence in the state prisons of Florida, Maryland, and New York exceeds
3%, which is higher than the national prevalence of any country outside of sub-Saharan
Africa.® At least one in six HIV-positive American people passes through a correctional centre
each year.” HIV infection has been linked to a history of incarceration; however, proving the
infection occurred in prison is difficult. Although cases of intraprison HIV and HBV
transmission have been recorded (panel 3), evidence suggests that most HIV-positive people
were infected before prison entry. For people in detention with HIV infection, treatment
outcomes have been good, but retention in treatment after release is more challenging.?®

The post-release period can also be especially dangerous for treatment interruptions, fatal
and non-fatal overdose, and infection acquisition. The ALIVE study? reported that the risk
of HIV transmission increases, rather than decreases, on release from prison. Incarceration
plays a role in delaying recovery from drug dependence. Incarceration also has an impact
on those in the community, most probably through the return of prisoners who have
been released and are infectious, who have interruptions in antiretroviral treatment. The
main risk behaviour for newly diagnosed, heterosexually acquired HIV infection in
African-American women was having sex with a partner who had a history of
incarceration.” The approach to drug policy and the mass incarceration of drug users in
the USA is counterproductive, expensive, and increases the risk of HIV treatment
interruption and subsequent transmission.”

prisoners in west and central Africa was very high at
23-5% (95% CI 19-8-27-5)—the highest burden of all
four types of infection and across the nine regions.
High levels of chronic HBV infection were also
reported in east and southern Africa (5-7%, 95% CI
2-9-9-4) and in eastern Europe and central Asia
(10-4%, 1-9-24-6). In other regions, HBV prevalence
was below 5% and unsafe injection drug use and
unprotected sex remain important modes of
transmission.®

HBsAg prevalence in prisoners relative to the general
population

The burden of HBV in the general population is highest
in sub-Saharan Africa, with a meta-analysis estimate of
HBsAg prevalence at 8-8%, which was primarily
attributed to vertical transmission from mother to child,
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low HBV vaccine coverage (including birth dose), and
unsafe medical products and procedures.” In Australia,
the prevalence of HBsAg was 2-3% in prison and 1-0%
in the community.*

HBsAg prevalence in imprisoned people who inject drugs
Of the 56 HBV datapoints, 24 related to people who
inject drugs in ten countries. Iran and Australia were
the only countries with multiple datapoints (appendix
p 28). In Iran, HBV prevalence was significantly and
positively associated with the frequency and duration
of imprisonment.® Despite a reduction in the
proportion of Australian prisoners reporting injection
drug use, evidence of HBV infection remains high in
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Figure 1: Regional prevalence of HIV, hepatitis C, HBsAg, and active tuberculosis in prisoners, published

between 2005 and 2015
HCV=hepatitis C antibodies.

prison entrants, with many unaware of their infection
status.®

Tuberculosis and co-infection with HIV

Prevalence of active tuberculosis and co-infection with
HIV in prisoners

Estimates of active tuberculosis in prison populations
were higher than in the general population in almost all
settings, with investigators of one study, from the
Dourados prison in Brazil, estimating that prevalence of
tuberculosis was 40 times higher than in the general
population.®

25 of 196 countries reported tuberculosis prevalence
data (46 datapoints) and 17 of 196 countries prevalence
data on co-infection with HIV and tuberculosis (25 data-
points) in prisoners from 2005 to 2015 (figure 4,
appendix pp 8, 27).” In the three regions with the highest
prevalence of HIV and viral hepatitis, active tuberculosis
was also common (appendix pp 24, 27): 5-3% (95% CI
2-1-10-0) in east and southern Africa, 2-9% (2-4-3-6) in
west and central Africa, and 4-9% (1-8-9-3) in eastern
Europe and central Asia. In the African regions, active
tuberculosis infection was associated with overcrowding,
high inmate turnover, and increased frequency or
duration of incarceration.®* Disease burden was lower
in other regions, though only one study was identified in
the Middle East and north Africa, two in the western
European region, and none in the Caribbean.

A systematic review” found that the incidence of
tuberculosis is 23 times higher in prison populations than
in the general community, and that the prevalence of drug-
resistant tuberculosis is also substantially higher. Increased
prevalence of HIV infection exacerbates the effect of
incarceration on tuberculosis incidence, highlighting the
importance of a coordinated approach to prevent and treat
these two infections.* Important for tuberculosis control
in prisons is case-finding to ensure early detection and
treatment, case isolation and infection control measures,
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Figure 2: Global and regional burden of HIV in prison inmates, published between 2005 and 2015
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initiation of tuberculosis treatment followed soon after by
HIV treatment, and treatment of latent tuberculosis
infection, especially in patients with HIV.

Studies investigating HIV and tuberculosis co-infection
are of two types (appendix p 27). The first study type
measures HIV and tuberculosis co-infection in all
prisoners, which typically finds prevalence estimates that
are less than 10% of the prison population, ranging from
1-6% (Zambia) and 5-1% (South Africa) in east and
southern Africa to 0-3% (Guinea) and 8-9% (Nigeria) in
west and central Africa. The figures were less than 1% in
studies from Latin America and western Europe. The
second type of study measures HIV prevalence in
inmates with tuberculosis infection and vice versa.
Studies of HIV in individuals with tuberculosis done in
Africa typically report a prevalence of 40% and higher
(Burkina Faso 75%, Uganda 57%, Zambia 45-8%, and
South Africa 42-58%). Prevalence estimates of
tuberculosis in people with HIV infection tend to be
lower (Burkina Faso 20%, Ethiopia 47%, and Malaysia
17%; appendix p 27).

Incidence of HIV, HCV, HBV, and tuberculosis in
prisoners

Few incidence studies were found on HIV (three countries),
HCV (four), HBV (two), and tuberculosis (14; appendix
p 32). Spain had detailed annual HIV incidence data from
2000 to 2014 that revealed a steady decline from 0-70% to
0-04% per year over 14 years.® A large prospective study of
hepatitis C incidence in prisons in Australia reported an
annual incidence of 14-1%,” which was high compared
with Scotland (0-9%),° the USA (0-4%), and Spain
(1-7%).”

Of the 14 countries with tuberculosis data, only seven had
multiple incidence rates. Countries that had a decrease in
incidence were Colombia,** Argentina,” Hong Kong,”®
Macedonia,” and Romania.® An increase in tuberculosis
cases in prison was observed in the USA (figure 5).”

The potential effect of increased incarceration on
tuberculosis in Europe and central Asia was modelled.*
For each percentage point increase in incarceration
rates, there was a corresponding increase in
tuberculosis  incidence of 0-34%  (population
attributable risk; 95% CI 0-10-0-58, p<0-01).
Mathematical modelling of tuberculosis transmission
in Ukraine further suggests that incarceration
contributes to 75% of new tuberculosis infections in
people who inject drugs.®

Infectious disease prevalence in key populations
HIV, HCV, HBV, and tuberculosis in imprisoned MSM,
female sex workers, and transgender people

Estimates of infectious diseases in key populations
who become imprisoned (eg, MSM, female sex
workers, and transgender people) are less frequently
reported than in people who inject drugs. In 2008,
HIV prevalence in Ghana in imprisoned female sex

Panel 3: Outbreaks of infectious diseases in prisoners

One of the first recognised HIV outbreaks occurred in a Bangkok prison in 1988.#2 The
outbreak was only detected once infected inmates were released and HIV in people who
inject drugs escalated from 2% to 43% over the course of several months. An investigation
revealed that HIV incidence in prison was very high at 35 per 100 person-years.”# In
Lithuania, a policy of segregation saw a prisoner who was seroconverting to HIV infection
housed with individuals who were HIV negative. At least 284 prisoners were identified as
infected with HIV in a few months, which doubled the number of diagnosed HIV cases in
Lithuania.>* Two outbreaks in Russian prisons saw more than 400 (of 1824) prisoners
infected in Nizhnekamsk and 260 inmates infected in the Tatarstan region in 200134
Large outbreaks have occurred in prisons in Iran and Ukraine, with hundreds of prisoners
infected.*#® Iran increased opioid agonist therapy places from 100 to over 25 000, provided
condoms and conjugal visits, and piloted six needle and syringe programmes in prison
from 2002.44° Small HIV outbreaks have even occurred in areas where prevalence was very
low, such as in Australia (four prisoners) and Scotland (ten prisoners), which also had
intraprison hepatitis B virus (HBV) transmission.*>** In 2000, two Australian prisoners were
caught sharing syringes and an investigation found that four inmates had acquired
hepatitis C virus infection, but none had acquired HIV in prison.”

Inthe USA, Georgia’s state prison system recorded an outbreak of seven cases of hepatitis B
in 2000 and 2001, which were attributed to sex. 52% of 907 susceptible inmates who
completed a questionnaire reported at least one risk behaviour for hepatitis B virus
infection (including 48% who reported tattooing, sharing a razor [8%], having sex [4%], or
injecting drugs [2%]). HBV vaccination was offered only to inmates in the dormitory where
the outbreak originated, leaving over 90% of inmates potentially at risk. In the second
outbreak, an audit of prison medical records revealed 41 (72%) of 57 HBV cases had
occurred in prison. Routine HBV vaccination was recommended for all new prisoners.>*®

In 2006, two ex-inmates in the USA were diagnosed with tuberculosis sparking an
investigation.” Despite one inmate having prolonged symptoms and abnormal chest
radiographs, he went undiagnosed while incarcerated. Of 910 exposed inmates who were
tested, 53 inmates (5-8%) had newly positive tuberculin skin tests. This included 11 (of
204) new cases of tuberculosis who had been released and re-incarcerated. Of 485 prison
employees tested, ten (2:1%) were identified as tuberculin skin test converters.

Although the study of the transmission of these infections prospectively in prison
populations has been challenging, these outbreaks illustrate the role that prisons might
play in continuing these epidemics beyond the prison wall. It is good public health policy to
screen at-risk new prisoners for infectious diseases and to provide inmates with free, easy,
and confidential access to prevention programmes such as opioid agonist therapy,
antiretroviral therapy, condoms, and HBV vaccination to reduce the risk of outbreaks.®

workers (n=73) was 11% and 8-9% in MSM (n=403).*
HIV prevalence in imprisoned MSM was 43-8% in
Nigeria (n=32 in 2009), 2-6% in Iran (n=113), and
5-5-34-0% in the USA*®* The only study of
transgender prisoners was done in Argentina, in
which half of transgender prisoners (six of 11 people)
were HIV positive.”” US studies provided estimates of
HIV prevalence in female sex workers from 2-0% to
5 . 6%'89,91

Imprisoned MSM in the USA and Iran had high levels
of exposure to HCV (50%)** compared with imprisoned
MSM in Nigeria (12-5%).® Imprisoned MSM had high
levels of HBV in Ghana (40-2%)* and Nigeria (56-3%).*
Female sex workers in Ghana also had high levels of HBV
infection at 37-0%.*
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Figure 3: Global and regional prevalence of viral hepatitis in prison inmates, published between 2005 and 2015

(A) Prevalence of HCV antibodies. (B) Prevalence of HBsAg.

Prevalence of HIV, HCV, and HBV in compulsory drug
detention centre detainees in China, Taiwan, Vietnam,
and Iran

In 2012, an estimated 235000-600000"* drug users
were detained for compulsory drug treatment in over
1000 compulsory drug detention centres.”” While the
number of compulsory drug detention centres
remained the same, the numbers of drug users detained
in those centres had increased by 2015. In China, HIV
prevalence ranged from 0-2% to 9:5% in general
detainees and was 10-3% in people who inject drugs,
whereas HCV prevalence was 44% in general detainees
(appendix p 31). In Taiwan, HIV prevalence was 6-9%
in general detainees and 25-5% in people who inject
drugs in detention. Viral hepatitis was also common
with HCV prevalence estimated at 30-5% in general
detainees and 89-6% in people who inject drugs;
HBsAg prevalence was estimated at 16-9% in general
detainees and 16-7% in people who inject drugs in
detention. In Vietnam, HIV prevalence was 19-8% and

HCV prevalence was 76-9% in people who inject drugs
in detention. Iran reported that 24-4% of detained
people who inject drugs were HIV positive, 80% were
anti-HCV antibody positive, and 5-8% were HBsAg
positive (appendix p 31).

Mathematical modelling of HIV transmission
and prevention in people who inject drugs

We modelled the contribution of incarceration and
re-incarceration on HIV incidence in people who inject
drugs and examined the effects of a reduced rate of
incarceration, introduction of prison-based opioid
agonist therapy followed by post-release opioid agonist
therapy, and post-release antiretroviral treatment
retention on HIV incidence.

In our model, the increased risk for HIV transmission
was captured by behaviour change in people who inject
drugs who temporarily receptively share syringes in
prison and a combination of interruption of antiretroviral
treatment and behaviour change in people who inject
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drugs who temporarily receptively share syringes during
transient post-release period, which was assumed to last
between 1 and 6 months (panel 4, appendix p 33).
We quantified the contribution of discontinuation of
antiretroviral treatment and temporary syringe sharing
to cumulative HIV incidence in people who inject drugs
for varying proportions of people who continue this
high-risk behaviour for a transient period after release
(figure 6). Antiretroviral treatment discontinuation was
shown to contribute to less than 5% of cumulative HIV
incidence during the epidemic, from epidemic onset
to 2015 (figure 7A). This small contribution of
discontinuation of antiretroviral treatment to HIV

incidence was due to the small proportion of HIV cases
discontinuing antiretroviral treatment at a given time
and the short duration of discontinuation.

Specifically, our results show that for people who inject
drugs from communities with high HIV prevalence (over
20%), the relative contribution of antiretroviral treatment
discontinuation to HIV transmission varies from 0-12%
(95% credible interval [CrI] 0-02-0-62) to 0-15%
(0-02-1-0), which depends on whether individuals who
engage in temporary syringe sharing behaviour only do so
during incarceration or continue to do so after release
(figure 7A). In communities with moderate HIV prevalence
(5-20%), the relative contribution of antiretroviral
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Panel 4: Mathematical model for HIV transmission in people who inject drugs

To assess the fundamental dynamics that govern the interplay between HIV transmission
in people who inject drugs in the community and in prison around the world, we
developed a deterministic compartmental model of drug injection transmission of HIV in
the general community and incarcerated populations (figure 6). Individuals were
structured in the model according to their HIV infection history, disease progression, and
antiretroviral treatment status (1=susceptible, 2=acute infection, 3=latent infection with
(D4 cell count 2350 cells per pL, 4=latent infection with CD4 cell count <350 cells per pL,
5=pre-AIDS with elevated viraemia, 6=AIDS, 7=initiated antiretroviral treatment with
CD4 cell count 2350 cells per pL, 8=initiated antiretroviral treatment with low CD4 cell
count or pre-AIDS, 9=initiated antiretroviral treatment with AIDS), incarceration status
(1=currently incarcerated, 2=recently released [in the past 6 months], 3=previously
incarcerated, 4=never incarcerated), and drug injection risk behaviour (1=people who do
not inject drugs, 2=people who inject drugs who do not share syringes, 3=people who
inject drugs who share syringes, 4=people who inject drugs and share syringes
temporarily). As our analysis focused on HIV epidemics in people who inject drugs, we
only considered injection drug use as transmission mode. Rather than focusingon a
specific setting, we considered a wide range of scenarios by stratifying the rates of HIV
transmission in people who inject drugs into communities with moderate HIV prevalence
in people who inject drugs (ranging from 5% to 20%), and communities with high HIV
prevalence in people who inject drugs (over 20%).>* Our model accounted for the elevated
frequency of needle sharing in prison as well as discontinuation of antiretroviral
treatment during a transitory period after prison release.**” We parameterise our model
using epidemiological and clinical data from the scientific literature about HIV
infectiousness, disease progression, demographic, injection drug behaviour data on the
incarcerated population, proportion of people who inject drugs, syringe sharing in and
out of prison, and incarceration history in people who inject drugs and people who do not
share syringes (appendix p 33). To address empirical uncertainty regarding model
parameters, we used a Bayesian inference approach to fit our model to epidemiological
data of HIV prevalence in people who inject drugs in and out of prisons and HIV incidence
in prison.

Given the scarcity of data on the impact of this post-release behaviour change on HIV
transmission, we did a sensitivity analysis to evaluate the contribution of the frequency of
post-release needle sharing and percentage discontinuation of antiretroviral treatment
on HIV incidence in people who inject drugs in the community and in prison. We denoted
people who inject drugs who share syringes while incarcerated as temporary sharers, a
proportion of whom share for a transient duration after release, but not beyond. This
post-release transient period of temporary syringe sharing and antiretroviral treatment
discontinuation was assumed to vary between 1 and 6 months.*

Finally, we used the fitted model to evaluate the impact of demand reduction
programmes, such as prison-based opioid agonist therapy followed by post-release
retention, reduced rates of incarceration for non-violent drug users, and antiretroviral
treatment retention in care post-release for curtailing HIV incidence in people who inject
drugs. Consistent with empirical studies, we assumed that people who inject drugs who
continue opioid agonist therapy after incarceration have a 20% (95% Cl 10-30) reduced
risk of re-incarceration while they are given treatment.*

treatment discontinuation varies from 0-10% (0-01-1-1) to
0-23% (0-03-3-3), which also depends on whether
individuals who engage in temporary sharing behaviour
only do so while incarcerated (figure 7A). The contribution
of temporary syringe sharing to HIV transmission varies
from7-0% (0-1-41-6) to 12-0% (0- 5-51-8) in communities
with high HIV prevalence, and from 5-8% (0-2-31-7) to

21-1% (0-4-53-0) in communities with moderate
prevalence (figure 7B). The contribution of temporary
syringe sharing to HIV transmission was higher in
communities with lower HIV prevalence than in
communities with high HIV prevalence (figure 7B).

To identify the contribution of each model parameter to
the variability of temporary syringe sharing to HIV
transmission, we calculated the partial rank correlation
coefficients (PRCCs), which quantify the magnitude of
increase or decrease of the value of an outcome measure
predicted by the model as a given input model parameter
varies.”

PRCCs indicated that the effect of temporary syringe
sharing increases with the rate of re-incarceration for
people who inject drugs, the proportion of people who
inject drugs who share syringes in prison, and the risk of
HIV transmission per episode of syringe sharing
(appendix p 41). Conversely, the effect of temporary
syringe sharing decreases with the proportion of people
who inject drugs who share syringes outside prison, the
mortality rate of people who inject drugs who do not have
HIV, and the proportion of people who inject drugs and
have never been incarcerated (appendix p 41). Given that
the rate of first incarceration in people who inject drugs
was defined as a non-monotonic functional relationship
between the average non-HIV mortality rate for people
who inject drugs and the proportion of people who inject
drugs who have never been incarcerated (appendix p 33),
we deduced from the PRCC results that the rate of first
incarceration has a substantial contribution to the effect
of temporary syringe sharing. However, that effect could
not be captured by the PRCC analysis because of the
non-monotonic relationship.

We assessed the effectiveness of three interventions in
reducing HIV incidence after 5 years of initial
implementation: the incarceration rate of people who
inject drugs, prison-based opioid agonist therapy
followed by post-release retention, and prison-based
opioid agonist therapy followed by post-release opioid
agonist therapy combined with antiretroviral treatment
retention. We showed that lowering incarceration rates
(both first-time incarceration and re-incarceration) by
10-50%, corresponding to a 4-6% (95% Crl 2-6—6-6) to
25-9% (16-9-35-4) reduction of incarcerated people who
inject drugs over 5 years, could potentially reduce
community-wide cumulative HIV incidence in people
who inject drugs by 0-9% (—0-1to 3-6) to 7-6% (0-26-5)
over a 5-year period in communities with high HIV
prevalence, and by 1-1% (0-1-3-1) to 15-4% (1-4-29-9) in
communities with moderate HIV  prevalence
(appendix p 42). We found that prison-based opioid
agonist therapy followed by post-release retention in
treatment during the transitory period of elevated risk
behaviour could reduce cumulative HIV incidence by
1.-6% (95% Crl 0-1-7-3) for a 20% coverage and by
12-0% (1-4-45-3) as an upper bound of complete (100%)
coverage in communities with high HIV prevalence. In

www.thelancet.com Published online July 14, 2016 http://dx.doi.org/10.1016/50140-6736(16)30466-4



Series

A HIV infection diagram

B Incarceration dynamics diagram

C Subpopulation and incarceration impact diagram

Susceptible |

v

Acute infection |

v

Latent infection CD4 cell count =350 | >

v

Latent infection CD4 cell count <350 ART treated |

v v

Never incarcerated Community
Non-PWID PWID PWID sharers
non-sharers
y A A 4
v -
Currently incarcerated TR
Prison ;
v \ A
Non-PWID PWID PWID sharers
v non-sharers
Recently released

— Incarceration rate for non-PWID

— Elevated incarceration rate for PWID
---» Temporal transition between sharers
y and non-sharers due to incarceration

Pre-AIDS ART treated
™| Pre-AIDS
AIDS Ly ﬁ:;l'streated || Previously released

Prison-induced risk
Proportion of non-sharers temporarily sharing in prison and in

a 1-6 month transient post-release period

Figure 6: Deterministic compartmental model of drug injection transmission of HIV in the general community and incarcerated populations
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communities with moderate HIV prevalence, the
reduction in HIV incidence is predicted to vary from
3-9% (0-9-13-4) for 20% coverage to 28-5% (9-4-57-5)
for complete coverage (appendix p 42). Combining opioid
agonist therapy with post-release antiretroviral treatment
retention could achieve a further reduction of HIV
incidence ranging from 0-3% to 1-8% in communities
with high HIV prevalence and from 0-7% to 4-2% in
communities with moderate HIV prevalence as coverage
is expanded from 20% to 100% (appendix p 42).

Our estimates of the contribution of incarceration to
HIV transmission and the potential effect of interventions
depends on the general HIV prevalence in communities
of people who inject drugs, which varies substantially
between and within countries (figure 7, appendix p 42).
Our results show that prison-based opioid agonist
therapy followed with post-release retention could be an
effective strategy for the reduction of HIV in people who
inject drugs, at least in the short term (appendix p 42).
Lowering the rate of incarceration of people who inject
drugs might be effective in reducing HIV transmission
in addition to opioid agonist therapy. The contribution of
incarceration and effectiveness of intervention were
higher in communities of lower HIV prevalence, where
transmission because of incarceration is most substantial
relative to that in the community, compared with
communities with high HIV prevalence.

Summary of findings

This Series paper provides clear evidence that the
findings, replicated in many individual studies, that
higher prevalence of HIV in individuals who are detained
than in the population from which they arise, is almost
universal. However, it also shows that the detailed
epidemiology of HIV in people who are detained varies
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Figure 7: Contribution of antiretroviral therapy discontinuation and
temporary sharers to cumulative HIV incidence in people who inject drugs
(A) Contribution of ART discontinuation. (B) Contribution of temporary sharers.
Contribution accounts for transmission in prison and during the transitory
period of elevated risk behaviour after release from prison. Contributions were
evaluated relative to the scenario of no antiretroviral therapy discontinuation or
no temporary sharers, and were assessed for a varying proportion of temporary
sharers who share syringes after incarceration versus those who only share
syringes while incarcerated, from epidemic onset to 2015. Bars show median
(middle cross line) and range of contribution estimated for different HIV
epidemics modelled (error bars show upper and lower 95% credible interval).
Prevalence of HIV in people who inject drugs was varied from 5-20% (moderate
prevalence communities) and 20-60% (high prevalence communities).
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considerably, reflecting the disease burden, the dominant
mode of transmission in the population as a whole, and
the role of incarceration. In most regions of the world,
HIV prevalence is higher in detained women than
detained men. However, although we have shown great
variation in the pattern of HIV infection in prisons, the
ability to draw general conclusions is limited by the
scarcity of data, with data in some regions restricted to
one or a few countries. The studies that do exist are often
restricted to individual prisons (even subgroups of
detainees in them) and are heterogeneous in reporting
quality.

There are several reasons for the scarcity of data. First,
many countries with the highest disease burden have very
weak systems for health research and surveillance. Second,
where health systems in prisons are organisationally
separate from systems serving the general population,
capacity that exists in prison systems might be deployed
elsewhere. Consistent with the UN’s Mandela Rules, the
WHO recommends that prisoner health care be consistent
with community standards of care, and under the direction
of the ministry of health.™ Third, secrecy and fear of
exposing human rights abuses might cause governments
to be unwilling to permit studies in their prisons, or if they
are done, researchers are often prohibited from published
results.” Compulsory drug detention centres are a
particular concern. In 2012, 12 UN agencies called for their
immediate closure® and since then, international funding
for compulsory drug detention centres has stopped.
However, they remain in operation in several regions,
although largely hidden from those undertaking HIV
surveillance.”

A particular problem is the scarcity of data on women
detainees, even though they comprise about 10% of
prison populations, they are more likely to have a
substance abuse disorder, and are less likely to receive
treatment than male prisoners."”

Most studies are cross-sectional, providing only
snapshots of the situation at a particular moment in
time. Cross-sectional studies, however, fail to capture the
dynamic nature of the prison population, because the
number of individuals passing through prisons each year
can be up to three times higher than the estimated prison
census. This discrepancy causes an especially important
gap in our knowledge, given the role that the transition
in and out of prison has in interruption of both
antiretroviral treatment and opioid agonist therapy, with
implications for both transmission and the emergence of
drug-resistant HIV and tuberculosis infections.

So what should be done to address the problem of HIV
and related infections in prisons? One obvious response
is to reduce the prison population, as our model showed.
Measures that can reduce the population in detention
include evidence-based treatment in and out of prison.
Non-violent drug offenders and especially women®
should particularly be offered treatment, as an alternative,
where appropriate.” Our model further showed that

opioid agonist therapy given in prison can reduce HIV
transmission within prison and reduce post-release HIV
transmission.

Other infectious diseases might also be mitigated in
prison settings. Interferon-free HCV therapies using
direct-acting antiviral agents are rapidly becoming
available and HCV treatment as prevention strategies,
particularly in the prison setting, are now feasible."
These treatments can produce 90-95% rates of HCV
eradication."”

Routine screening and vaccination for HBV in prison
settings' is likely to produce considerable savings to the
broader health system through prevention of cirrhosis of
the liver and hepatocellular carcinoma," even though
only around 5% of adults infected with HBV develop
chronic infection™ because of the comparatively high
prevalence in prison settings. Such programmes should
be linked to a wider strategy to reduce HBV infection in
countries where it is prevalent, through early childhood
immunisation. A safe and efficacious vaccine for HBV
has existed since 1986.™

A review of the evidence base for the management of
tuberculosis and HIV and tuberculosis co-infection in
prisons provides a useful framework including universal
drug susceptibility testing, systematic screening of
contacts in high-risk groups, access to high-quality
treatment, and adequate coordination.”? Other specific
measures include identification, isolation, and
treatment of patients who are infected with tuberculosis
as early as possible. In many countries, prisoners with
symptoms suggestive of tuberculosis experience long
delays in obtaining a diagnosis." Isolation of infectious
prisoners is rare; many prisoners who are isolated
might not receive treatment, and conditions are
frequently appalling."™

Tuberculosis treatment completion rates in prisoners
are often low, exacerbated by their movement within and
in and out of the prison system. Prisoners in eastern
Europe are unlikely to receive adequate treatment for
HIV and tuberculosis.® A study in Uganda found a
default treatment prevalence of 12% in people staying in
the same prison and 53% for those transferred to another
prison, and 81% of prisoners who were on treatment and
released were subsequently lost to follow-up.™

Pooled estimates of HIV prevalence and incidence,
collected for the purpose of this review, were used to
develop and calibrate a model for people who inject
drugs for HIV transmission in and out of prison. Given
that our focus was the evaluation of the contribution of
incarceration to injection-related HIV transmission in
people who inject drugs and the potential effect of
interventions on the HIV epidemic in people who inject
drugs, we did not address sexual, tattoo-related, or
mother-to-child transmission of HIV. Inclusion of these
transmission routes would further increase the predicted
effect of the interventions considered by accounting for
the substantial indirect benefits to people who do not
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inject drugs. Another limitation of our modelling
analysis is the fact that the model was not developed for a
specific setting; rather we investigated a range of
plausible scenarios. This approach resulted in large
uncertainty about model parameter values and model
outcomes. Additionally, our model assumed constant
antiretroviral treatment coverage during the course of
the epidemic, which does not capture the effect of
increased antiretroviral treatment coverage on HIV
transmission. However, the effect of this assumption was
mitigated by using a wide range of values for antiretroviral
treatment coverage. Finally, our model was restricted to
inmates who inject heroin, because most research and
prevention has focused on these individuals.

Conclusion

We found a consistently higher prevalence of HIV, HCV,
HBYV, and tuberculosis in prisoners than in the general
population across all regions and especially in imprisoned
people who inject drugs.”®®" Interventions to prevent,
identify, and treat these infections in prisons are poorly
implemented, particularly in low-income and middle-
income countries and in populations such as people who
inject drugs, where care and treatment remain
challenging in community settings. Investment in
surveillance infrastructure is needed to improve country-
level data on the prevalence of these infections and to
inform policy and programmatic responses. This is
particularly important in regions where injection drug
use is increasing and the burden of HIV is already high.
Mass incarceration of people who inject drugs is a key
driver of the ever-growing population of prisoners.
Decriminalising drug use and possession or providing
alternatives to imprisonment for people who use drugs,
and ensuring access to opioid agonist therapy,
tuberculosis treatment, and antiretroviral treatment for
prisoners will reduce the burden of these infections in
the world’s prison population.

Contributors

KD and CB developed the manuscript concept. ALW led the
comprehensive search and data extraction and did the meta-analysis.

KD developed the initial draft of the manuscript. BM wrote the sections
on imprisonment data. BM and ALW calculated the number of inmates
with each infection. JJA wrote the Compulsory Drug Detention Centres
section. LM provided a revised structure for the manuscript, edited it, and
addressed reviewers’ comments. MH analysed and wrote the section on
incidence data. ALW, AG, MN-m, KD, and FLA conceived of the
mathematical modelling analysis, MN-m conducted the mathematical
modelling, and MN-m and AG wrote the modelling section. MM wrote
the section on tuberculosis data and provided the final edit. SAK wrote the
section on hepatitis B data. RC wrote the section on hepatitis C data. All

authors had full access to the data, reviewed and edited the manuscript,
and take responsibility for its integrity and the accuracy of the analysis.

Declaration of interests
We declare no competing interests.

Acknowledgments

This paper was supported by grants to the Center for Public Health and
Human Rights at Johns Hopkins Bloomberg School of Public Health
from the National Institute on Drug Abuse; the Open Society
Foundations; the United Nations Population Fund; Mac AIDS Fund;

the Bill & Melinda Gates Foundation; and the Johns Hopkins University
Center for AIDS Research, a National Institute of Health (NIH)-funded
programme 1P30A1094189. KD was supported by Australia’s National
Drug and Alcohol Research Centre. RC is supported by a Cancer Institute
New South Wales Early Career Research Fellowship (GNT14/ECF/1-46).
SAK is supported by Australian National Health and Medical Research
Council (NHMRC) Senior Research Fellowship (APP1078168). LM is
supported by an NHMRC Senior Research Fellowship (APP1060443). The
content is solely the responsibility of the authors and does not necessarily
represent the official views of the NIH. We thank Lori Rosman,
Informationist at Johns Hopkins School Medicine, who assisted with the
development of the systematic review; Teresa Ping Yeh and Natalie Flath,
Johns Hopkins School of Public Health, who reviewed the identified
articles and extracted data for the systematic review and meta-analysis;
and Mary Kumvaj, Librarian, National Drug and Alcohol Research
Centre, University of New South Wales who assisted with the grey
literature search. We thank colleagues at the UN Office on Drugs and
Crime, the European Monitoring Centre for Drugs and Drug Addiction,
WHO, Glasgow Caledonian University, Health Protection Surveillance
Centre (Ireland), Luxembourg Division de I'Inspection Sanitaire, National
Advisory Committee on Drugs and Alcohol (Ireland), The National AIDS
Centre (Poland), Public Health Agency of Catalonia, Trimbos Instituut,
The University of Texas at Austin, Brandon Marshall, Brown University
School of Public Health, Anna Bowring, Burnet Institute, and The UK
Collaborating Centre for WHO Health in Prisons who contributed
relevant reports and articles to the comprehensive review.

References

1  Wormser GP, Krupp LB, Hanrahan JP, Gavis G, Spira TJ,
Cunningham-Rundles S. Acquired immunodeficiency syndrome in
male prisoners. New insights into an emerging syndrome.

Ann Intern Med 1983; 98: 297-303.

2 Braun MM, Truman BI, Maguire B, et al. Increasing incidence of
tuberculosis in a prison inmate population. Association with HIV
infection. JAMA 1989; 261: 393-97.

3 Dolan K, Kite B, Black E, et al. HIV in prison in low-income and
middle-income countries. Lancet Infect Dis 2007; 7: 32—-41.

4 Gough E, Kempf MC, Graham L, et al. HIV and hepatitis B and C
incidence rates in US correctional populations and high risk
groups: a systematic review and meta-analysis. BMC Public Health
2010; 10: 777.

5  European Monitoring Centre for Drugs and Drug Addiction.
Prisons and drugs in Europe: the problem and responses.
Luxembourg: Publications Office of the European Union, 2012.
http://www.emcdda.europa.eu/attachements.cfm/att_191812_EN_
TDSI12002ENC.pdf (accessed Sept 1, 2015).

6  Kamarulzaman A, Reid S, Schwitters A, et al. Prevention of
transmission of HIV, hepatitis B virus, hepatitis C virus, and
tuberculosis in prisoners. Lancet 2016; published online July 14.
http://dx.doi.org/10.1016/S0140-6736(16) 30769-3.

7 Dolan K, Worth H, Wilson D. Compulsory treatment of drug users
in Asia: designed to torture? Int J Prison Health 2015; 11: 255-68.

8  Colectivo por una Politica Integral Hacia las Drogas. jAy Padrino,
no me ayudes! Abusos en centros de tratamiento con
internamiento para usuarios de drogas in México. Mexico City,
2015. http://www.cupihd.org/portal/publicaciones_documentos/
abuso-en-vez-de-asistencia-realidad-centros-tratamiento (accessed
Sept 15, 2015).

9  Wolfe D. Death, drug treatment, and Christ’s love. Feb 14, 2012.
https://www.opensocietyfoundations.org/voices/death-drug-
treatment-and-christ-s-love (accessed Sept 15, 2015).

10 Open Society Foundation. Human rights abuses in the name of
drug treatment: reports from the field. March, 2009. https://www.
opensocietyfoundations.org/publications/human-rights-abuses-
name-drug-treatment-reports-field (accessed Sept 15, 2015).

11 YouthRise, OSIWA, CISHRWIN. We are people: the unintended
consequences of the Nigerian drug law on the health and human
rights of young people who use drugs. January, 2015. https://
dl.dropboxusercontent.com/u/16336789/We-Are-People-Final.pdf
(accessed Sept 15, 2015).

12 Messersmith L, Beard |, Adjei R, et al. HIV vulnerability of Men
and women who inject drugs in Kumasi, Ghana. July 23, 2014.
http:/ /www.bu.edu/cghd/files/2014/10/PWID_Report_Final.pdf
(accessed Sept 15, 2015).

www.thelancet.com Published online July 14, 2016 http://dx.doi.org/10.1016/50140-6736(16)30466-4



Series

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Human Rights Watch. “Like a death sentence”: abuses against
persons with mental disabilities in Ghana. New York, NY:

Human Rights Watch, 2012.

Vagenas P, Azbel L, Polonsky M, et al. A review of medical and
substance use co-morbidities in Central Asian prisons: implications
for HIV prevention and treatment. Drug Alcohol Depend 2013;

132 (suppl 1): S25-31.

United Nations. Joint statement on compulsory drug detention and
rehabilitation centres. March, 2012. https://www.unodc.org/
documents/southeastasiaandpacific/2012/03 /drug-detention-centre/
JC2310_Joint_Statement6March12FINAL_En.pdf (accessed

Sept 15, 2015).

Amon ], Pearshouse R, Cohen J, Schleifer R. Compulsory drug
detention centers in China, Cambodia, Vietnam, and Laos: health
and human rights abuses. Health Hum Rights 2013; 15: 124-37.
Human Rights Watch. Skin on the cable: the illegal arrest, arbitrary
detention and torture of people who use drugs in Cambodia.

New York, NY: Human Rights Watch, 2010.

Pearshouse R. “Patients, not criminals”? An assessment of
Thailand’s compulsory drug dependence treatment system.

HIV AIDS Policy Law Rev 2009; 2009: 11-17.

Cohen JE, Amon JJ. Health and human rights concerns of drug users
in detention in Guangxi Province, China. PLoS Med 2008; 5: e234.
Amon JJ, Pearshouse R, Cohen JE, Schleifer R. Compulsory drug
detention in East and Southeast Asia: evolving government, UN and
donor responses. Int | Drug Policy 2014; 25: 13-20.

Fu JJ, Bazazi AR, Altice FL, Mohamed MN, Kamarulzaman A.
Absence of antiretroviral therapy and other risk factors for
morbidity and mortality in Malaysian compulsory drug detention
and rehabilitation centers. PLoS One 2012; 7: e44249.

Walmsley R. World prison population list (tenth addition). London:
International Centre for Prison Studies, 2013. http://www.
prisonstudies.org/sites/default/files/resources/downloads/wppl_10.
pdf (accessed Dec 21, 2015).

Drucker E. Population impact of mass incarceration under

New York’s Rockefeller drug laws: an analysis of years of life lost.
J Urban Health 2002; 79: 434-35.

Maruschak LM. HIV in prisons, 2001-2010. US Department of
Justice, Bureau of Justice Statistics, September, 2012. http://www.
bjs.gov/content/pub/pdf/hivp10.pdf (accessed Sept 1, 2015).
UNAIDS. UNAIDS report on the global AIDS epidemic, 2010.
Geneva: Joint United Nations Programme on HIV/AIDS, 2010.
http://www.unaids.org/globalreport/documents/20101123_
GlobalReport_full_en.pdf (accessed Sept 1, 2015).

Westergaard RP, Kirk GD, Richesson DR, Galai N, Mehta SH.
Incarceration predicts virologic failure for HIV-infected injection drug
users receiving antiretroviral therapy. Clin Infect Dis 2011; 53: 725-31.
Genberg BL, Astemborski J, Vlahov D, Kirk GD, Mehta SH.
Incarceration and injection drug use in Baltimore, Maryland.
Addiction 2015; 110: 1152-59.

Adimora A, Schoenbach V, Stancil T, et al. Incarceration and
heterosexual HIV infection among rural African Americans

7th Conference on Retroviruses and Opportunistic Infections;

San Fransico, CA; Jan 30-Feb 2, 2000. 486.

Tyndall MW, Currie S, Spittal P, et al. Intensive injection cocaine
use as the primary risk factor in the Vancouver HIV-1 epidemic.
AIDS 2003; 17: 887-93.

Allen EJ, Palmateer NE, Hutchinson SJ, Cameron S, Goldberg DJ,
Taylor A. Association between harm reduction intervention uptake
and recent hepatitis C infection among people who inject drugs
attending sites that provide sterile injecting equipment in Scotland.
Int | Drug Policy 2012; 23: 346-52.

Cepeda JA, Niccolai LM, Lyubimova A, Kershaw T, Levina O,
Heimer R. High-risk behaviors after release from incarceration
among people who inject drugs in St. Petersburg, Russia.

Drug Alcohol Depend 2015; 147: 196-202.

Spaulding AC, Sharma A, Messina LC, Zlotorzynska M, Miller L,
Binswanger IA. A comparison of liver disease mortality with HIV
and overdose mortality among Georgia prisoners and releasees:

a 2-decade cohort study of prisoners incarcerated in 1991.

Am ] Public Health 2015; 105: €51-57.

Open Society Foundations. Improving health in pretrial detention:
pilot interventions and the need for evaluation. May, 2011.
https://www.opensocietyfoundations.org/sites /default/files /pretrial-
detention-health-20110531.pdf (accessed June 8, 2016).

35

36

37

38

39

41

42

43

45

47

49

50

51

52

53

54

55

56

57

58

Stuckler D, Basu S, McKee M, King L. Mass incarceration can
explain population increases in TB and multidrug-resistant TB in
European and central Asian countries. Proc Natl Acad Sci USA
2008; 105: 13280-85.

Rubenstein LS, Amon JJ, McLemore M, et al. HIV, prisoners, and
human rights. Lancet 2016; published online July 14. http://dx.doi.
org/10.1016/S0140-6736(16)30663-8.

Telisinghe L, Charalambous S, Topp SM, et al. HIV and
tuberculosis in prisons in sub-Saharan Africa. Lancet 2016;
published online July 14. http://dx.doi.org/10.1016/S0140-
6736(16)30578-5.

UNAIDS. Countries. 2013. http://www.unaids.org/en/
regionscountries/countries/ (accessed July 1, 2014).

UNAIDS. UNAIDS report on the AIDS global epidemic 2013
(appendix). Geneva: Joint United Nations Programme on
HIV/AIDS, 2013.

Azbel L, Wickersham JA, Grishaev Y, Dvoryak S, Altice FL.

Burden of infectious diseases, substance use disorders, and mental
illness among Ukrainian prisoners transitioning to the community.
PLoS One 2013; 8: €59643.

Beyrer C, Baral SD, van Griensven F, et al. Global epidemiology of
HIV infection in men who have sex with men. Lancet 2012;

380: 367-77.

Aceijas C, Stimson GV, Hickman M, Rhodes T. Global overview of
injecting drug use and HIV infection among injecting drug users.
AIDS 2004; 18: 2295-303.

Dolan K, Moazen B, Noori A, Rahimzadeh S, Farzadfar F,

Hariga F. People who inject drugs in prison: HIV prevalence,
transmission and prevention. Int J Drug Policy 2015;

26 (suppl 1): S12-15.

Choopanya K, Des Jarlais DC, Vanichseni S, et al. Incarceration and
risk for HIV infection among injection drug users in Bangkok.

J Acquir Immune Defic Syndr 2002; 29: 86-94.

Choopanya K, Vanichseni S, Des Jarlais DC, et al. Risk factors and
HIV seropositivity among injecting drug users in Bangkok. AIDS
1991; 5: 1509-13.

Caplinskiene I, Caplinskas S, Griskevicius A. Narcotic abuse and
HIV infection in prisons. Medicina (Kaunas) 2003;

39: 797-803 (in Lithuanian).

Bobrik A, Danishevski K, Eroshina K, McKee M. Prison health in
Russia: the larger picture. J Public Health Policy 2005; 26: 30-59.
Farnia M, Ebrahimi B, Shams A, Zamani S. Scaling up methadone
maintenance treatment for opioid-dependent prisoners in Iran.

Int ] Drug Policy 2010; 21: 422-24.

Gunchenko A, Kozhan N. HIV infection in the penitentiaries of
Ukraine. Zh Mikrobiol Epidemiol Immunobiol 1999; 1: 31-33.

Dana D, Zary N, Peyman A, Behrooz A. Risk prison and hepatitis B
virus infection among inmates with history of drug injection in
Isfahan, Iran. Scientific WorldJournal 2013; 2013: 735761.

Dolan K, Hall W, Wodak A, Gaughwin M. Evidence of HIV
transmission in an Australian prison. Med J Aust 1994; 160: 734.
Taylor A, Goldberg D, Emslie J, et al. Outbreak of HIV infection in a
Scottish prison. BM] 1995; 310: 289-92.

Hutchinson S, Goldberg DJ, Gore SM, et al. Hepatitis B outbreak
at Glenochil prison during January to June 1993. Epidemiol Infect
1998; 121: 185-91.

O’Sullivan BG, Levy MH, Dolan KA, et al. Hepatitis C transmission
and HIV post-exposure prophylaxis after needle-and syringe-
sharing in Australian prisons. Med | Aust 2003; 178: 546—49.
Centers for Disease Control and Prevention. Hepatitis B outbreak
in a state correctional facility, 2000. MMWR Morb Mortal Wkly Rep
2001; 50: 529-32.

Centers for Disease Control and Prevention. Transmission of
hepatitis B virus in correctional facilities—Georgia, January 1999—
June 2002. MMWR Morb Mortal Wkly Rep 2004; 53: 678-81.

Khan AJ, Simard EP, Bower WA, et al. Ongoing transmission of
hepatitis B virus infection among inmates at a state correctional
facility. Am J Public Health 2005; 95: 1793-99.

Sosa LE, Lobato MN, Condren T, Williams MN, Hadler JL. Outbreak
of tuberculosis in a correctional facility: consequences of missed
opportunities. Int | Tuberc Lung Dis 2008; 12: 689-91.
Commonwealth of Australia. Return on investment in needle and
syringe programs in Australia. Canberra: Commonwealth
Department of Health and Aging, 2002.

www.thelancet.com Published online July 14, 2016 http://dx.doi.org/10.1016/50140-6736(16)30466-4



Series

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

78

79

80

Hagan H, Des Jarlais DC. HIV and HCV infection among injecting
drug users. Mt Sinai | Med 2000; 67: 423-28.

Alter MJ. Epidemiology of viral hepatitis and HIV co-infection.

J Hepatol 2006; 44 (suppl 1): S6-S9.

Schweitzer A, Horn |, Mikolajczyk RT, Krause G, Ott JJ.
Estimations of worldwide prevalence of chronic hepatitis B virus
infection: a systematic review of data published between 1965 and
2013. Lancet 2015; 386: 1546-55.

Reekie JM, Levy MH, Richards AH, et al. Trends in HIV, hepatitis B
and hepatitis C prevalence among Australian prisoners—2004,
2007, 2010. Med J Aust 2014; 200: 277-80.

Sacchi F, Praca R, Tatara M, et al. Prisons as reservoir for
community transmission of tuberculosis, Brazil. Emerg Infect Dis
2015; 21: 452-55.

Noeske J, Kuaban C, Amougou G, Piubello A, Pouillot R.
Pulmonary tuberculosis in the Central Prison of Douala, Cameroon.
East Afr Med ] 2006; 83: 25-30.

Noeske J, Mbondi Mfondih S, Kuaban C. Surveillance of HIV
infection in new prison entries in Cameroon, 2008-10. 6th IAS
Conference on HIV Pathogenesis and Treatment; Rome;

July 17-20, 2011. MOPE296.

Diendere EA, Tieno H, Bognounou R, et al. Prevalence and risk
factors associated with infection by human immunodeficiency virus,
hepatitis B virus, syphilis and bacillary pulmonary tuberculosis in
prisons in Burkina Faso. Med Trop (Mars) 2011; 71: 464-67 (in French).
Baussano I, Williams BG, Nunn P, Beggiato M, Fedeli U, Scano F.
Tuberculosis incidence in prisons: a systematic review. PLoS Med
2010; 7: €1000381.

Ministerio del Interior, Secretaria General de Instituciones
Penitenciarias. Prevalencia de las infecciones VIH y VHC en
instituciones penitentciarias 2014. Madrid: Ministerio del Interior, 2015.
Luciani F, Bretana NA, Teutsch S, et al. A prospective study of
hepatitis C incidence in Australian prisoners. Addiction 2014;

109: 1695-706.

Taylor A, Munro A, Allen E, et al. Low incidence of hepatitis C virus
among prisoners in Scotland. Addiction 2013; 108: 1296-304.
Macalino GE, Vlahov D, Sanford-Colby S, et al. Prevalence and
incidence of HIV, hepatitis B virus, and hepatitis C virus infections
among males in Rhode Island prisons. Am J Public Health 2004;
94:1218-23.

Marco A, Gallego C, Cayla JA. Incidence of hepatitis C infection
among prisoners by routine laboratory values during a 20-year
period. PLoS One 2014; 9: €90560.

Castaneda-Hernandez DM, Martinez-Ramirez JE, Bolivar-Mejia A,
Rodriguez-Morales AJ. Differences in TB incidence between prison
and general populations, Pereira, Colombia, 2010-2011.

Tuberculosis (Edinb) 2013; 93: 275-76.

Rueda ZV, Lopez L, Velez LA, et al. High incidence of tuberculosis,
low sensitivity of current diagnostic scheme and prolonged culture
positivity in four colombian prisons. A cohort study. PLoS One 2013;
8: e80592.

Hariga F. Evaluation and recommendations for the improvement of
the health programmes, including for the prevention and treatment
of drug dependence and of HIV and AIDS, implemented in the
establishments under the responsibility of the Federal Penitentiary
Service in Argentina: a follow-up of the 2008 assessment.

Vienna: United Nations Office on Drugs and Crime, 2011.

Wong MY, Leung CC, Tam CM, Kam KM, Ma CH, Au KF.

TB surveillance in correctional institutions in Hong Kong,
1999-2005. Int | Tuberc Lung Dis 2008; 12: 93-98.

Poposka BI, Zakoska M, Atanasova S, Milanovski N, Doneva P.
Tuberculosis in prisons in the Republic of Macedonia. Eur Respir |
2013; 42 (suppl 57): 3903 (abstr).

Cioran N, Popescu G, Mihailescu L, Didilescu C, Cocei H,

Chiotan D. TB among prisoners in Romania, 2009-2011.

Eur Respir ] 2013; 42 (suppl 57): 4039 (abstr).

Miller TL, Hilsenrath P, Lykens K, McNabb SJ, Moonan PK, Weis SE.
Using cost and health impacts to prioritize the targeted testing of
tuberculosis in the United States. Ann Epidemiol 2006; 16: 305-12.
Altice F, Azbel L, El-Bassel N, et al. The perfect storm: incarceration
and the high-risk environment perpetuating transmission of HIV,
hepatitis C virus, and tuberculosis in Eastern Europe and Central
Asia. Lancet 2016; published online July 14. http://dx.doi.
0rg/10.1016/50140-6736(16) 30856-X.

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

929

100

101

102

Adjei AA, Armah HB, Gbagbo F, et al. Correlates of HIV, HBV,
HCV and syphilis infections among prison inmates and officers in
Ghana: a national multicenter study. BMC Infect Dis 2008; 8: 33.
Pourahmad M, Javady A, Karimi I, Ataei B, Kassaeian N.
Seroprevalence of and risk factors associated with hepatitis B,
hepatitis C, and human immunodeficiency virus among prisoners
in Iran. Infect Dis Clin Pract 2007; 15: 368-72.

Adoga MP, Banwat EB, Forbi JC, et al. Human
immunonodeficiency virus, hepatitis B virus and hepatitis C virus:
sero-prevalence, co-infection and risk factors among prison inmates
in Nasarawa State, Nigeria. J Infect Dev Ctries 2009; 3: 539—47.
Beckwith C, Rick J, Flanigan T, et al. Routine jail-based HIV
testing—Rhode Island, 2000-2007. MMWR Morb Mortal Wkly Rep
2010; 59: 742—45.

Begier EM, Bennani Y, Forgione L, et al. Undiagnosed HIV
infection among New York City jail entrants, 2006: results of a
blinded serosurvey. | Acquir Immune Defic Syndr 2010; 54: 93-101.
Burt RD, Thiede H, Barash ET, Sabin K. Recent condom use by
arrested injection drug users in King County, Washington, USA.
Int J Drug Policy 2006; 17: 222-29.

Javanbakht M, Murphy R, Harawa NT, et al. Sexually transmitted
infections and HIV prevalence among incarcerated men who have
sex with men, 2000-2005. Sex Transm Dis 2009; 36 (suppl 2): S17-21.
MacGowan R, Margolis A, Richardson-Moore A, et al.

Voluntary rapid human immunodeficiency virus (HIV) testing in
jails. Sex Transm Dis 2009; 36 (suppl 2): $9-13.

Rosen DL, Schoenbach V], Wohl DA, White BL, Stewart PW,

Golin CE. Characteristics and behaviors associated with HIV
infection among inmates in the North Carolina prison system.
Am ] Public Health 2009; 99: 1123-30.

VanHandel M, Beltrami JF, MacGowan R], Borkowf CB, Margolis AD.
Newly identified HIV infections in correctional facilities, United
States, 2007. Am J Public Health 2012; 102 (suppl 2): S201-04.
Javanbakht M, Boudov M, Anderson L], et al. Sexually transmitted
infections among incarcerated women: findings from a decade of
screening in a Los Angeles County Jail, 2002-2012.

Am ] Public Health 2014; 104: €103-09.

Fox RK, Currie SL, Evans ], et al. Hepatitis C virus infection among
prisoners in the California State correctional system. Clin Infect Dis
2005; 41: 177-86.

Beyrer C, Malinowska-Sempruch K, Kamarulzaman A,
Kazatchkine M, Sidibe M, Strathdee SA. Time to act: a call for
comprehensive responses to HIV in people who use drugs. Lancet
2010; 376: 551-63.

Milloy MJ, Buxton ], Wood E, Li K, Montaner JS, Kerr T.

Elevated HIV risk behaviour among recently incarcerated injection
drug users in a Canadian setting: a longitudinal analysis.

BMC Public Health 2009; 9: 156.

Wood E, Li K, Small W, Montaner JS, Schechter MT, Kerr T.

Recent incarceration independently associated with syringe sharing
by injection drug users. Public Health Rep 2005; 120: 150-56.
Althoff AL, Zelenev A, Meyer JP, et al. Correlates of retention in
HIV care after release from jail: results from a multi-site study.
AIDS Behav 2013; 17 (suppl 2): $156-70.

Iroh PA, Mayo H, Nijhawan AE. The HIV care cascade before,
during, and after incarceration: a systematic review and data
synthesis. Am ] Public Health 2015; 105: e5-16.

Larney S, Toson B, Burns L, Dolan K. Effect of prison-based opioid
substitution treatment and post-release retention in treatment on
risk of re-incarceration. Addiction 2012; 107: 372-80.

Marino S, Hogue IB, Ray CJ, Kirschner DE. A methodology for
performing global uncertainty and sensitivity analysis in systems
biology. J Theor Biol 2008; 254: 178-96.

United Nations Office on Drugs and Crime, WHO (Europe).

Good governance for prison health in the 21st century. A policy brief
on the organization of prison health. Copenhagen: World Health
Organization, 2013.

Thomson N, Reid G, Dolan K. Examining HIV, drug use and risk
behaviours: a case study in the custodial settings of Thailand and
Indonesia. Int | Prison Health 2009; 5: 180-91.

Avelino F, Feliciano ], Macabaya A. HIV, hepatitis B, hepatitis C and
syphilis among inmates in Cebu City Jails, Philippines:
seroprevalence and risk behaviours. Manila: Philippine National
AIDS Council, Department of Health, 2014.

www.thelancet.com Published online July 14, 2016 http://dx.doi.org/10.1016/50140-6736(16)30466-4



Series

14

103

104

105

106

107

108

Strathdee SA, West BS, Reed E, Moazan B, Azim T, Dolan K.
Substance use and HIV among female sex workers and female
prisoners: risk environments and implications for prevention,
treatment, and policies. | Acquir Immune Defic Syndr 2015; 69: S110-17.
Beyrer C, Kamarulzaman A, McKee M, for the Lancet HIV in
Prisoners Group. Prisoners, prisons, and HIV: time for reform.
Lancet 2016; published online July 14. http://dx.doi.org/10.1016/
S0140-6736(16)30829-7

United Nations Office on Drugs and Crime. Handbook of basic
principles and promising practices on Alternatives to Imprisonment.
Vienna: United Nations Office on Drugs and Crime, 2007,

Martin NK, Vickerman P, Dore GJ, Hickman M. The hepatitis C
virus epidemics in key populations (including people who inject
drugs, prisoners and MSM): the use of direct-acting antivirals as
treatment for prevention. Curr Opin HIV AIDS 2015; 10: 374-80.
Naggie S, Cooper C, Saag M, et al. Ledipasvir and sofosbuvir for HCV
in patients coinfected with HIV-1. N Engl | Med 2015; 373: 705-13.
Shamliyan TA, Johnson JR, MacDonald R, et al. Systematic review
of the literature on comparative effectiveness of antiviral treatments
for chronic hepatitis B infection. | Gen Intern Med 2011; 26: 326-39.

109

110

11

112

113

114

115

116

Pisu M, Meltzer M, Lyerla R. Cost-effectiveness of hepatitis B
vaccination of prison inmates. Vaccine 2002; 21: 312-21.

Nelson PK, Mathers BM, Cowie B, et al. Global epidemiology of
hepatitis B and hepatitis C in people who inject drugs: results of
systematic reviews. Lancet 2011; 378: 571-83.

WHO. Hepatitis B vaccines WHO position paper. Geneva: World
Health Organization, 2009.

Dara M, Acosta CD, Melchers NV, et al. Tuberculosis control in
prisons: current situation and research gaps. Int J Infect Dis 2015;
32: 111-17.

Todrys KW, Amon JJ. Criminal justice reform as HIV and TB
prevention in African prisons. PLoS Med 2012; 9: €1001215.

Todrys KW, Amon JJ, Malembeka G, Clayton M. Imprisoned and
imperiled: access to HIV and TB prevention and treatment, and denial
of human rights, in Zambian prisons. | Int AIDS Soc 2011; 14: 8.
Schwitters A, Kaggwa M, Omiel P, Nagadya G, Kisa N, Dalal S.
Tuberculosis incidence and treatment completion among Ugandan
prison inmates. Int | Tuberc Lung Dis 2014; 18: 781-86.

WHO. Global tuberculosis report. Geneva: World Health
Organization, 2015.

www.thelancet.com Published online July 14, 2016 http://dx.doi.org/10.1016/50140-6736(16)30466-4



	Global burden of HIV, viral hepatitis, and tuberculosis in
prisoners and detainees
	Introduction
	Disease burden in prisoners and detainees
	Global estimates of prisoners with HIV, HCV, HBV, and
tuberculosis infection

	HIV infection
	Pooled estimated HIV prevalence in prisoners
	HIV prevalence in imprisoned people who inject drugs

	Hepatitis C infection
	Pooled estimated HCV prevalence in prisoners
	HCV prevalence in imprisoned people who inject drugs

	Hepatitis B infection
	Pooled estimated HBV prevalence in prisoners
	HBsAg prevalence in prisoners relative to the general
population
	HBsAg prevalence in imprisoned people who inject drugs

	Tuberculosis and co-infection with HIV
	Prevalence of active tuberculosis and co-infection with
HIV in prisoners

	Incidence of HIV, HCV, HBV, and tuberculosis in
prisoners
	Infectious disease prevalence in key populations
	HIV, HCV, HBV, and tuberculosis in imprisoned MSM,
female sex workers, and transgender people
	Prevalence of HIV, HCV, and HBV in compulsory drug
detention centre detainees in China, Taiwan, Vietnam,
and Iran

	Mathematical modelling of HIV transmission
and prevention in people who inject drugs
	Summary of findings
	Conclusion
	Acknowledgments
	References


