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ABSTRACT

Tuberculosis (TB) and HIV constitute the main burden of infectious diseases worldwide. Imprisonment is
an important risk factor for contracting TB, especially among those living with HIV. This systematic review
summatrizes the available data on the prevalence of TB among HIV-positive prisoners; which may support
improved targeted TB/HIV prevention plans. We electronically examined published studies up to December
2017 with the aim of finding articles that investigated the prevalence of TB in HIV-positive prisoners. MED-
LINE, SCOPUS, Embase, and Web of Science electronic databases were searched with no restriction on
language or time. A random effects model was used to conduct the meta-analysis and generate a sum-
mary estimate for the global prevalence of TB among HIV-positive prisoners; and subgroup estimates by
continent. The meta-analysis included 22 studies published from 1992 to 2016. In total, 2,465 articles were
retrieved and 22 papers met inclusion criteria. Eligible papers contained 220,101 prisoners, with 1,611
cases of TB in 6,126 HIV-positive subjects. Globally, the pooled prevalence of TB in HIV-positive prisoners
was 32.6% [95% confidence interval (Cl): 27.5% to 38.2%; p-value for heterogeneity = 0.001]. Results of the
subgroup analysis by continent were as follows: Africa, 14% (CI: 8% to 24%); North/South America, 37% (ClI:
31% to 44%); Asia, 35% (ClI: 12% to 68%); and Europe, 25% (CI: 12% to 45%). Conclusions: The prevalence
of TB among HIV-positive prisoners is high worldwide. Screening of TB in this population is essential for
the treatment of both diseases. Syndemics of TB and HIV in prisoners during the past three decades have
created an alarming situation across the world. Hence, coordinated policies are essential for the early

identification and effective treatment of this vulnerable population. (AIDS Rev. 2018;20:114-124)
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|ntroduction

Tuberculosis (TB) and human immune deficiency vi-
rus (HIV) infections are two major public health con-
cerns in many parts of the world"?. TB is considered
a major cause of death in people living with HIV
(PLWH), and in 2016, the World Health Organization
(WHO) estimated that 40% of HIV deaths were caused
by TBS. Co-infection of TB and HIV in prisons, as a
worldwide health problem, has been on the rise*. HIV
and TB act synergistically: HIV infection promotes re-
activation from latent to active TB®®; and TB infection
impedes the immune response to HIV and accelerates
progression to AIDS”2. To bring the TB/HIV epidemic
under control and to reach the ambitious global targets
outlined by the WHQ'’s End TB strategy®, including
reducing TB incidence by 80% and TB mortality by
90%, countries are being encouraged to focus their
efforts on screening, diagnosis, and treatment of TB in
PLWH and other vulnerable groups, including prison-
ers'0,

Prisoners have a well-defined right to access to stan-
dard healthcare and effective services for HIV/TB pre-
vention and treatment®'!. However, a large body of
empirical evidence documents that a history of impris-
onment is a major risk factor for TB among PLWH'2,
Additionally, TB is concentrated among individuals with
high-risk behaviors for HIV infection, such as people
who inject drugs'®; who may face criminal charges
leading to incarceration and onwards transmission of
TB. The prevalence of TB among HIV-positive prison-
ers poses risks not only to the prisoners themselves
but also to prison staff and even to society™'S. Sev-
eral studies have documented TB outbreaks in the
broader population that can be attributed, at least in
part, to contact with prison populations*'"*. Recent
studies using genetic epidemiology have provided im-
portant new insights into the role that prisons play in
community outbreaks of TB'6.

However, knowledge on the worldwide prevalence of
TB among HIV-positive prisoners is not well document-
ed. This is partly because, based on available evi-
dence, prisons often have very restricted access to
basic TB diagnostic and screening services'!”. There
is currently no pooled data available presenting the
prevalence of TB in prisons among PLWH globally or
the variations across different settings. To address this,
we performed a systematic review and meta-analysis
of the published literature, to estimate the prevalence
of TB among HIV-positive prisoners.

Methods

The present systematic review and meta-analysis
has been described according to the preferred report-
ing items for systematic reviews and meta-analyses
(PRISMA) Statement'®.

Protocol and registration

The purpose of the present review was to determine
the prevalence of TB in HIV-positive prisoners. The
study protocol was registered in the international pro-
spective register of systematic reviews database
(PROSPERO) in December 2016 with the registration
number of CRD42017054710.

Search strategy and selection criteria

A systematic search was performed with the aim of
finding cross-sectional and cohort articles that investi-
gated the prevalence/incidence of TB in HIV-positive
prisoners. To this end, we searched MEDLINE, SCOPUS,
Embase, and Web of Science (ISI) databases by com-
bining three sets of related MeSH and Non-MeSH terms:
1) “tuberculosis” OR “TB”, 2) “HIV”, "AIDS”, “acquired
immune deficiency syndrome” and 3) “prison”, “inmate”
to search titles, abstracts, or keywords until December
2017, with no limitation regarding language and time.

Inclusion criteria and data extraction

The inclusion criteria were a) original studies with
observational design; b) study performed in prisons,
and c¢) documented the occurrence of HIV and incident
acquisition or prevalence TB among HIV-positive pris-
oners. Three authors independently reviewed the stud-
ies (MD, MGh, and NZ) and discrepancies were re-
solved by discussing with the fourth author (HJ). The
reference list of related articles was also manually re-
viewed for other possibly related articles that were not
found in the electronic search.

Quality assessment

A six-item tool for critically appraising studies of prev-
alencefincidence of a health problem' was used to ex-
amined the quality of eligible studies by two independent
investigators (NZ and MGh). This tool contained follow-
ing items; (1) A question about appropriate design and
sampling method for the research question (2) Question
about appropriate sampling frame (3) And adequate
sample size (4) If objective, suitable and standard crite-
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ria used for measurement of the health outcome? (5) Is
the health outcome measured in an unbiased way? and
(6) A question about acceptable response rate. Each
item was scored as 1 if a study met the criterion, and all
the scores were summed up to reach a total score, rang-
ing from O (lowest quality possible) to 6 (highest quality
possible). The quality assessment results were also
checked by a third investigator (MD).

Data extraction

Three independent researchers (MD, NZ, and MGh)
extracted following data from included studies; author,
study year, study design, country, gender, mean age
of participants, number of prisons, total number of pris-
oners, number of prisoners per cell, mean duration of
incarceration (months), proportion of prisoners with
prior history of incarceration, number of HIV cases,
type of TB (active or latent), diagnostic method and the
frequency and prevalence of TB in HIV-positive prison-
ers (%). Prevalence of TB among HIV-positive prison-
ers was directly extracted from the cross-sectional
articles and the incidence (reported in cohort studies)
was converted to the prevalence using the following
formula: Prevalence = Incidence x Duration of disease.
Based on the literature the average duration of TB was
considered to be about 2.5 years in this formula®.

The extracted data was compared and discrepan-
cies between investigators were discussed to reach a
consensus and to ensure the accuracy of data. If the
full-text of a study was unavailable or if the reported
data was missing key information for data extraction,
we contacted the authors by email at least twice, one
week apart and also we sent email to publishers
(i.e. Elsevier and Wiley online library).

TB case definition

We included articles which defined TB cases based on
tuberculin skin test (TST), chest X-ray and sputum speci-
mens. The cases were categorized as: confirmed (positive
culture for M. tuberculosis complex), probable (positive
microscopy with at least one acid-fast bacilli [AFB] per
field, and/or chest X-ray images suggestive of TB), or
possible (either presence of at least four clinical signs or
symptoms as follows: cough lasting for more than two
weeks, fever lasting for more than two weeks, recent loss
of appetite, chest pain, body mass index lower than
18.5 Kg/m? or objectified fever with body temperature
>37.5 °C on physical examination; or at least three clinical
signs or symptoms with HIV seropositivity or positive direct
smear with less than one AFB per field)?".

Statistical analysis

The number of TB-infected HIV-positive prisoners
and the total number of HIV-positive prisoners were
used to calculate the logit event rate and its corre-
sponding standard error (SE) which was used as effect
size for meta-analysis. The summary prevalence with
95% Cl was obtained using the random effects model.
Cochran’s Q test was used to identify the heterogene-
ity of the results, and it was quantified using the P
statistic. /2 statistic > 50% or Q statistics with p < 0.10
were considered as a significant between-study het-
erogeneity. Moreover, between-study variance was as-
sessed using the tau-squared (Tau? or ) statistic®.
Subgroup analysis based on the region of the study
was performed to explore possible sources of hetero-
geneity. We pooled the results for the continents of
North and South America together, due to the fact that
there were an insufficient number of studies to report
the continents separately. A meta-regression analysis
was conducted to explore the association between the
study year and the difference in TB prevalence among
HIV-positive prisoners reported across studies. A sen-
sitivity analysis was conducted by removing the stud-
ies from meta-analyses one by one. We also evaluated
the publication bias using Begg’s funnel plots and the
asymmetry tests (Egger’s and Begg’s test). All statisti-
cal analyses were performed using Comprehensive
Meta-Analysis software (CMA; version 2.2.064). P-val-
ues below 0.05 were considered as statistically sig-
nificant.

Results
Included studies

As described in figure 1, a total of 2,465 records were
obtained by electronic and hand search of which 1,681
records remained after duplicate references were re-
moved. We excluded 1,538 studies after screening ti-
tles/abstracts; therefore, 167 studies remained to be
carefully checked by reading their full text. Of the re-
maining, 147 articles were excluded for the following
reasons: no relevant data (n = 87), review article or
letter to editor (n = 13), HIV prevalence among TB
cases or co-infection was reported (n = 7), study con-
ducted in the general population (n = 14), TB preva-
lence was only reported among HIV-positive prisoners
who were referred to hospitals (modified data) (n = 10)
or the study did not report data regarding TB prevalence
among HIV-positive prisoners (n = 15). In total, twenty-
two articles met inclusion criteria for qualitative synthesis
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Figure 1. PRISMA flow diagram of the study selection process [Search is updated up to December 2017].

in the systematic review and the quantitative meta-
analysis®*43,

The characteristics of included studies are presented
in table 1. The twenty-two studies were cross-sectional
and cohort?®49 in design and took place from 1992 to
2016. Overall, included studies summarized data from
220,101 prisoners and reported 1,611 cases of TB
among 6,126 HIV-positive prisoners. The mean age of
prisoners ranged from 30 to 36 years. The number of
prisoners per cell varied greatly across studies. The
highest congestion was reported from Ethiopia (333
prisoners per cell)3® and lowest (2 prisoners per call)
was reported in the United States?”. Two other important
factors that may play a significant role in TB transmis-
sion were the duration of incarceration and having a

history of previous incarceration. In the study conduct-
ed by Marco et al.3', the duration of incarceration was
very long (60 months) and this was associated with a
higher than average TB prevalence (62.5%), and the
lowest duration was about 12 months??3340, Moreover,
the history of previous incarceration was noticeably
high in Malaysia with 98.4% which was reported by Al-
Darraji et al.*® and Zambia with only 12.61% had the
lowest percent of previous incarceration®,

TB prevalence among HIV-positive prisoners ranged
from 6%252841 to 94%%. The highest prevalence was
reported from a study in Iran (94%)% and the lowest
prevalence rates were reported from Zambia, Iran and
South Africa®>241 (approximately 6%). Figure 2 pres-
ents the forest plot of the prevalence of TB in HIV-
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Figure 2. The forest plot of prevalence of tuberculosis in HIV-positive prisoners (all studies were included).

positive prisoners. The results of the random effects
meta-analysis showed that the total TB prevalence in
HIV-positive prisoners is approximately 32.6% [95%
confidence interval (Cl): 27.5% to 38.2%; p-value for
heterogeneity = 0.001, 12 = 96.99). When stratified by
regions the TB prevalence subgroup pooled estimates
were as follows; Africa: 14% (Cl: 8% to 24%; n = 6
studies), Europe: 25% (Cl: 12% to 45%, n = 6 studies),
Asia: 35% (Cl: 12% to 68%, n = 6 studies) and North/
South America: 37% (Cl: 31% to 44%, n = 4 studies).

Study quality as assessed by a six-item tool for stud-
ies of prevalence/incidence of a health problem from
1 stars (low quality) to 6 stars (high quality). Overall,

there were n = 3 low quality or no full text available,
n = 7 medium quality and n = 11 high quality studies.
However, after conducting analysis according to qual-
ity assessment, there were no significant differences
between the results of high/medium quality studies and
low or medium-quality studies?#26:34,

Sensitivity analysis, heterogeneity and
publication bias

Results of sensitivity analysis showed that no study
significantly influenced the results, with the net effect
size varying from 0.23 to 0.27. The Q-test results
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showed a significant heterogeneity among the studies
(p < 0.001). The 2 and tau-squared statistics were
96.58% and 0.78, respectively.

Although a slight asymmetry was seen in the Begg’s
funnel plot (Fig. 3), no evidence of publication bias was
shown using Egger's (p-value = 0.48) and
Begg's (p-value = 0.91) asymmetry tests.

Meta-regression

We performed univariate meta-regression analyses to
identify possible variables associated with our results.
The result of the meta-regression exploring the associa-
tion between prevalence of TB in HIV-positive prisoners
and year of study is shown in Figure 4. The prevalence
of TB in HIV-positive prisoners has a significant down-
ward trend, which decreasing TB prevalence rates in
recent years (B = -0.05, tau® = 0.852, p = 0.001).

Discussion

Present meta-analysis indicated that the worldwide
prevalence of TB in HIV-positive prisoners was high;
with one in three HIV-positive prisoners infected with TB.
Previous studies showed a higher prevalence of HIV
and TB among detainees relative to general popula-
tions. However, these studies did not provide much in-
formation regarding the co-infection of TB and HIV
among prisoners®. To our knowledge, this study is the
first to evidence summary to measure global TB preva-
lence among HIV-positive prisoners. This is important
because the high-risk population of detainees is consid-
ered as a major barrier to success in HIV and TB control
programs and meeting the related global targets.

The results of the present study showed that the total
prevalence of TB among HIV-positive prisoners is
32.6%. The TB prevalence found in our study was very
high, which is alarming as it indicates deficits in effective
treatment. Additionally, this presents a major obstacle
to TB control programs as in many settings incarcerated
populations may be a reservoir of TB and once released
may be vectors of TB transmission to the outside world.

According to the results the lowest TB prevalence
reported from the African continent and the highest one
comes from North/South America. Previous studies es-
timated that TB prevalence falls within the range of
figures found in other prison settings across the African
continent?™4447_ |t seems that in the African region, ac-
tive TB infection is highly associated with overcrowding
of prisons, high prisoner turnover rates, long duration
of incarceration and high rates and re-incarceration'®4°,
Importantly, the high prevalence of TB is observed

Funnel Plot of Standard Error by Logit event rate

Stancans Eror

Figure 3. The funnel plot of prevalence of tuberculosis in HIV-positive
prisoners.

after two decades of implementing a program that
made TB screening and treatment accessible in the
large prisons in Africa®. This TB program includes
symptom-driven TB screening on admission and when-
ever the defined symptoms are observed in prisoners.
However, the program does not cover the inmates who
do not self-declare their symptoms or those who have
symptoms but due to high costs or limited access to
medical facilities receive no effective medical cares®.
In the European region, this rate was 25%. A previous
study reported that TB treatment completion rates in
prisoners are often low, exacerbated by their move-
ment within and in and out of the prison system. For
instance, prisoners in Europe and Asia are unlikely to
receive adequate treatment for HIV and tuberculosis
and this may play a significant role in TB control pro-
gram and high prevalence of TB among prisoners?'.
In clinical terms, co-infection of TB and HIV occurs
when a patient has both HIV infection and either latent
or active TB disease’. A systematic review reported
that mortality in co-infected individuals are also double
that of HIV-positive individuals without TB, even when
CD4 cell count and antiretroviral therapy are taken into
consideration*. Globally in 2015, 55% of all notified TB
patients had a documented HIV test result. This repre-
sents an 18-fold increase in testing coverage since
2004. In the African region, where the burden of HIV-
associated TB is the highest, 81% of TB patients had
a documented HIV test result’. As described by Read-
er et al., newcomers to a prison are more likely to re-
ceive screening tests. This means that when several
newcomers enter a prison, the estimated prevalence
may be higher than actual prevalence*. Prevalence
can also be greatly influenced by the case definition.
Studies that were entered into this meta-analysis have
different case definitions. Overall, prospective studies
need to determine the prevalence and incidence of TB
in HIV-positive prisoners in order to determine whether
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Figure 4. Meta-regression of the association between prevalence of TB in HIV-positive prisoners and year of study.

HIV patients are at a higher risk of developing TB.
However, without a strong surveillance system, it will
be almost impossible to achieve this goal.

Our results showed a history of incarceration and pop-
ulation congestion in prisons may have an important role
in the acquisition of TB among HIV-positive prisoners. Our
findings support the results of the previous research
which have documented several factors affecting the
chance of acquiring active TB. These factors include
several behavioral factors; poor hygiene, smoking and
even dietary habits*50 and incarceration®%2. The risk TB
transmission is increased among populations in close
contact, and those in confined and poorly ventilated
spaces. As the result, transmission of TB among prison-
ers is much higher compared to that observed in the
general population®3. Accordingly, active TB among those
confined in prisons was higher than in the general popu-
lation in almost all nations. A study on TB in a prison in
Brazil estimated that prevalence of active tuberculosis
was 40 times higher than in the general population of the
country*,

A subgroup analysis was performed to identify sourc-
es of heterogeneity, but due to the following reasons we
were unable to arrive at conclusive results. The hetero-
geneity observed in this study is likely due in part to the
difference between types of prisons. Prisons are di-
verse, in terms of the total prison population, the number
of people in each cell, the demographic characteristics
of the prisoners, and other characteristicg*3":37:5455,
Also, there was no evidence for publication bias.

With respect to TB surveillance in prison settings,
screening using a skin test (tuberculin) or chest x-ray is

necessary to identify TB infected prisoners who require
isolation and treatment in order to prevent onwards trans-
mission of TB%4!. The Centres for Disease Control and
Prevention (CDC) has emphasized that the identification
and prevention of TB among vulnerable groups is a key
action for the elimination of TB%. The CDC also recom-
mends additional measures that take into account target
group interventions among vulnerable populations such
as prisoners, as globally, prisoners are at a higher risk for
latent TB infection®”. Epidemiological studies have report-
ed that prisoners are one of the major endemic sources
of TB%, this is because more than 40% of TB cases may
be attributed to close contact (person-to-person) and the
recurrence of TB is attributed to a small percentage of the
disease®. Given the high population density in prisons,
the screening and treatment of TB among prisoners is an
essential step for towards TB eradication. In addition, re-
tention to TB treatment, according to the latest recom-
mendations and guidelines, for TB in HIV-positive has
been recommended. Regarding the HIV treatment among
TB individuals, Horsburgh et al. suggested that, in addi-
tion to the treatment for TB, HIV-positive patients who have
either drug-susceptible or drug-resistant tuberculosis
should receive antiretroviral therapy (ART). It has also
been recommended that if HIV-positive individuals are not
receiving ART at the time of TB diagnosis, that ART is
initiated within two weeks of TB treatment for prisoners
with a CD4 count >50 per mP® and in eight weeks for those
with a CD4 count <50 per mi®. However, we should also
consider the possible interactions between TB drugs and
ART and this needs special attention, especially among
vulnerable groups, including prisoners.
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Early case-finding is important for TB control in pris-
ons as it ensures early detection and treatment of the
infectious cases. Isolation of cases, initiation of TB treat-
ment soon after HIV treatment and treatment of latent
TB infections, particularly among HIV-positive individu-
als, are essential measures for TB control®'. However,
isolation of infectious prisoners is rare and many prison-
ers who are isolated live in palling conditions and might
not receive proper treatment courses®. In addition, TB
treatment completion rate in prisoners is often low,
partly due to their movement within the prison or release
from prison prior to treatment completion. It is sug-
gested that prisoners, even in eastern Europe, are un-
likely to receive adequate treatment for HIV and TB®.
A review of the evidence on the management of TB and
management of HIV/TB co-infection in prisons will pro-
vide a useful framework for universal drug susceptibil-
ity testing, systematic screening of contacts in high-risk
groups and access to proper treatments®. 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®'82. However, large gaps exist in the imple-
mentation of these strategies across all regions®.

This study has several strengths. In order to include
cohort studies, we consider an approximate duration of
2.5 years to reform incident to prevalence and this provide
this opportunity to estimate the prevalence of TB in all
relevant studies. We took every effort to comprehensively
review all the published literature on the topic and had
three independent reviewers screen and assess study
quality. Finally, we included studies published in languag-
es other than English. The study also has some key limita-
tions; such as arisk of bias across studies due to measure-
ment error. Several different TB diagnostic tests were used
across studies and there was no diagnostic gold standard
for TB, making results difficult to compare. Additionally, we
were unable to identify sources of heterogeneity between
studies. Furthermore, several studies did not report on all
the data collection elements. To access complete and
valid information, we contacted the authors of the reviewed
papers, and in two cases we received additional data?332.

Conclusions

In conclusion, our results indicated that the worldwide
prevalence of TB in HIV-positive prisoners was high which
deserves special attention. Screening of TB among this
population should conducted systematically and routine-
ly so that TB cases may be treated and onward transmis-

sion can be limited. Prisoners form an important bridge
group between prison and the general population for the
transmission of HIV and TB. Therefore, to address with
this co-infection of HIV and TB, coordinated policies are
essential for early identification and effective treatment.
Future prospective longitudinal studies should employ
gold standard methods to better assess the incidence
and prevalence of TB in patients with HIV.
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