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ABSTRACT: Prisons represent a crucial setting for tuberculosis control. Currently, there is scarce

information concerning Mycobacterium tuberculosis (MT) infection in European prisons, and no

data are available for Italy. This study aims to describe the prevalence and correlates of MT

infection in an Italian prison population.

In this multicentre cross-sectional study, 1,247 inmates from nine prisons were recruited and

asked to undergo questioning regarding socio-economic and demographic variables, tuberculin

skin testing (TST), chest radiographs and testing for HIV, hepatitis B and hepatitis C virus

infection.

TST was positive in 17.9% of the 448 evaluable subjects. With multivariate logistic regression

(performed among male inmates), MT infection was correlated with age (adjusted odds ratio (OR)

4.12 for inmates aged 31–40 yrs; 3.78 for those aged .40 yrs), being foreign-born (OR54.9),

education f5 yrs (OR51.88) and length of detention (increased risk per yr: 11%).

As with elsewhere in the world, the prison system in Italy features a population with an increased

rate of Mycobacterium tuberculosis infection and at-risk rate for Mycobacterium tuberculosis

transmission. Improved tuberculosis surveillance and control measures are deemed necessary in

correctional facilities nationwide, especially for subjects with the above risk factors and those who

are HIV infected, in whom the tuberculin skin testing can be misleading. The screening of entrants is

particularly important to avoid undiagnosed smear-positive tuberculosis cases.
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P
risons represent a crucial setting for
tuberculosis (TB) control. Worldwide,
10–100-times higher rates have been

reported for TB in correctional systems than in
the local civilian populations [1], and outbreaks
have also been documented [2–5]. Regardless of
the pattern of TB spread among prisoners, i.e.
endemic cases versus outbreaks, TB has repeat-
edly been shown to also involve the prison staff
[6–9] and the surrounding community [2, 10, 11],
to the extent that the World Health Organization
recently stated that ‘‘prisons act as a reservoir for
TB, pumping the disease into the civilian com-
munity through staff, visitors and inadequately-
treated released inmates’’ [12]. Moreover, a high
rate of multidrug-resistant TB (up to 32%) has
been observed in several jail settings, both in
industrialised and developing countries [1, 5, 13–
16]. Lastly, the case-fatality rate among TB cases
can reach 24% and, in some prisons, TB accounts
for 50% of the overall prison deaths [17].

The causes for this overwhelming impact of TB in
correctional institutions are multiple and include

the following [1, 18–22]: 1) overcrowding,
together with a high concentration of at-risk
subjects for Mycobacterium tuberculosis (MT) infec-
tion and disease (e.g. socio-economically dis-
advantaged, HIV infected, drug addicts,
immigrants from countries with high TB pre-
valence); 2) poor ventilation and unhygienic
conditions; 3) high mobility of inmates within
the same facility and among different facilities;
and 4) inadequacy of TB control measures.

Thus far, only a few reports have investigated the
prevalence and characteristics of MT infection in
correctional settings in the following countries:
USA [23–28], Pakistan [29] and only Spain [30, 31]
among the European countries. Nevertheless,
several elements suggest that MT infection is
present in high levels in Italian prisons. First,
even though no register of TB cases in the
national correctional system exists, the latest
available survey conducted (1994) showed a high
TB incidence: 290 cases?100,000-1?yr-1, that is,
31.6-times greater than that reported among the
Italian civilian population in the same year [32].
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Furthermore, in Italy, drug addicts, who represent a high
proportion of prisoners [33], have always constituted the
largest risk group for HIV infection [34], which is a well-
known risk factor for both MT infection and disease [35].
Moreover, Italy is geographically close to poorly developed
countries in the Mediterranean area, such as Eastern Europe
and North-African countries, well known for their high TB
prevalence, large migrant populations (both legal and illegal)
and high imprisonment rates in Italian prisons.

Herein, the results of a study to assess the prevalence and corre-
lates of MT infection in an Italian prison population are reported.

METHODS
A multicentre cross-sectional study was conducted, in coopera-
tion with the Dept of Correctional Facilities (Rome, Italy),
in nine prisons: two in northern Italy, two in central Italy, two
in the south and three in the principal islands (Sicily and
Sardinia). At the time of the survey, these prisons, which
participated in the study on a voluntary basis, were hosting
4,251 inmates, i.e. 8.0% of the total population imprisoned in
Italy in that same period.

The inmates were recruited between November 1, 2001 and
February 20, 2002, by infectious-disease specialists acting as
prison consultants, each of whom was asked to enrol o10% of
the total prison population. Enrolment in the study was
proposed to all inmates in the smaller prisons and only to
those in certain wards in the larger facilities. Written informed
consent was provided by all participating inmates, who were
administered, by a physician or a professional nurse desig-
nated by each institution, an anonymous, standardised ques-
tionnaire developed for this study. The information collected
included demographic data (i.e. age, sex, place of birth, time of
immigration to Italy), behavioural data (i.e. history of illicit
drugs or alcohol use), social data (i.e. living conditions before
arrest, educational level) and history of imprisonment (i.e.
current and previous periods of detention).

Participants were also offered tuberculin skin testing (TST)
using the Mantoux method, i.e. an intradermal injection into
the volar surface of forearm of 5 UI of tuberculin purified
protein derivative (PPD; Biocine-test PPD; Chiron Vaccines,
Oxford, UK), bio-equivalent to 5 tuberculin units of PPD-S per
test dose (0.1 mL). The test was interpreted after 72 h and the
diameter of the induration reaction was recorded in mm. A
chest radiograph was requested for individuals showing a
reaction o5 mm. After the complete series of tests, inmates
were defined as ‘‘infected’’ or ‘‘noninfected’’ by MT, according
to the Centers for Disease Control and Prevention criteria for
interpretation of TST results [36]. Briefly, the test was
considered positive if an induration area o5 mm was detected
among individuals with HIV infection, in those having had
recent contact with TB patients and in those whose chest
radiographs showed fibrotic changes consistent with prior TB.
In the remaining inmates, the test was considered positive if an
induration area o10 mm was recorded. Lastly, the partici-
pants underwent testing for HIV, hepatitis B (HBV) and C
viruses (HCV), as well as the determination of alanine
aminotransferase levels. Those with HIV infection were also
assessed for HIV risk factors, staging of HIV disease, CD4+
lymphocyte count and HIV plasma viral load. A progressive

non-nominal identity code was used to link the questionnaire
and serum samples of the same subject.

Data were recorded in a computerised database. The odds
ratios (OR) and 95% confidence intervals (CI) were calculated
to correlate positivity to TST with demographic or behavioural
variables. Independent associations were evaluated by calcu-
lating the adjusted OR with a logistic regression analysis.

RESULTS
Overall, 1,247 inmates entered the study and underwent
collection of questionnaire data. Of these, 448 (36%) subjects
entered the analysis, whereas 799 (64%) individuals were
excluded because of TST refusal, missed testing/test reading,
missed chest radiograph, prison release or interfacility transfer.
In particular, 89 out of 799 (11%) HIV-negative subjects had
TST with a reaction ranging 5–9 mm, but did not have chest
radiographs. When comparing the characteristics of the study
participants with those of the excluded prisoners, the two
groups were shown to differ slightly in age (median age 36 yrs
in the participants (interquartile range (IQR) 30–45) versus
35 yrs in the excluded group (IQR 29–43); p,0.05), sex (18.3%
females versus 6.6%, respectively; p,0.05) and origin (26.8%
foreign-born versus 17.6%; p,0.05); the proportion of HIV-
infected subjects and intravenous drug users (IDUs) was
similar in the two groups (7.9% versus 6.7%, p50.46, and 27.5%
versus 31.1%, p50.15, respectively).

Among the 448 inmates subjected to analysis, 338 underwent
HIV testing, with 27 (7.9%) diagnosed as HIV infected, in
whom the median CD4+ lymphocyte count was 314 cells?mL-1

(IQR 197–550); HIV viral load was undetectable in four out of
27 inmates and equal to a median of 19,000 copies?mL-1 (IQR
856–100,000) in the remaining. TST was positive in 80 out of
448 (17.9%) inmates (95% CI 14.3–21.4), according to the
previously mentioned criteria. Two subjects had active,
culture-confirmed TB, including one Italian-born patient with
pulmonary TB and one HIV-infected subject from Tunisia with
both pulmonary and renal TB.

The results of the univariate analysis regarding the association
of the patient characteristics with TST are shown in table 1. In
particular, MT infection was associated with male sex and
showed a sharp increase in disease risk after 30 yrs of age. The
median (IQR) age of MT infected and noninfected inmates was
39 (34–47) and 35 yrs (30–44.5; p,0.001), respectively. When
compared with Italian-born inmates, foreign prisoners were
3.6-times more likely to be positive with TST. The specific ORs
for MT infection according to geographic area of birth are
presented in tables 2 and 3. Among foreign inmates, no
association was found between TST results and time of arrival
in Italy, when using time as a continuous variable or using a
cut-off of either 24 or 36 months. MT infection was also
associated with education duration of f5 yrs, a living
condition of o3 persons per room before imprisonment, and
a current detention .2 yrs. In fact, the median (IQR) time
period from the last imprisonment was 2.5 yrs (0.9–4.5) for
MT-infected inmates and 1.6 yrs (0.5–33) for noninfected
individuals (rank sum test, p50.01). TST positivity was less
common among subjects with HIV infection, even though
this difference was statistically weak (p50.08). A MT and HIV
co-infection was detected in 0.6% of all 338 prisoners tested
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and in 1.1% of HIV-tested IDUs. A positive TST was not
correlated with history of intravenous drug or alcohol use, nor
to HCV and/or HBV infection or hepatitis.

The variables significantly associated with TST positivity at
univariate analysis were included in a logistic regression
model (table 4). However, this multivariate analysis was
performed only on the male population due to the limited
number of females and to the presence of an interaction
between sex and previous imprisonments. An age .30 yrs,
foreign birth and length of current detention were independ-
ently associated with MT infection. A slightly significant
association was found for an educational level f5 yrs.

TABLE 1 Risk factors for tuberculin skin testing positivity
(TST+) among 448 inmates from nine Italian
prisons

Variables TST+ OR (95% CI) p-value

Sex

Female 1/82 (1.2) 1

Male 79/366 (21.6) 22.3 (3.7–902.3) ,0.01

Age yrs

f30 8/116 (6.9) 1

31–40 38/162 (23.4) 4.1 (1.8–9.2) 0.001

.40 34/170 (20.0) 3.3 (1.5–7.6) 0.003

Origin

Italy 40/328 (12.2) 1

Foreign 40/120 (33.3) 3.6 (2.1–6.1) ,0.001

Time from arrival in Italy

f36 months 6/23 (26.1) 1

.36 months 32/85 (37.6) 1.7 (0.5–5.8) NS

Educational level yrs

.5 42/281 (14.95) 1

f5 38/167 (22.75) 1.6 (0.99–2.81) 0.04

Living conditions#

,3 persons?room-1 9/101 (8.9) 1

o3 persons?room-1 71/347 (20.4) 2.6 (1.2–6.2) 0.007

Previous imprisonments

No 2/33 (6.0) 1

Yes 58/291 (19.9) 3.8 (0.9–34.1) 0.058

Length of current imprisonment

yrs

f2 33/237 (13.9) 1

.2–f4 23/98 (23.5) 1.89 (1.04–3.4) 0.035

.4–f6 12/44 (22.2) 2.31 (1.08–4.9) 0.030

.6 12/49 (24.5) 2.00 (0.94–4.2) 0.068

Intravenous drug addiction

No 60/325 (18.4) 1

Yes 20/123 (16.2) 0.8 (0.4–1.5) NS

Alcohol abuse

No 58/336 (17.5) 1

Yes 21/112 (18.7) 1.08 (0.6–1.9) NS

Anti-HCV+ and/or HBsAg+
No 41/190 (21.6) 1

Yes 19/100 (19.0) 0.8 (0.4–1.6) NS

Hepatitis

ALT ,60 U?L-1 29/192 (15.1) 1

ALT o60 U?L-1 10/64 (1.5) 1.04 (0.4–2.3) NS

Anti-HIV+
No 69/311 (22.2) 1

Yes 2/27 (7.4) 0.28 (0.03–1.17) 0.08

Data are presented as n/N (%), unless otherwise stated. OR: odds ratio; CI:

confidence interval; HCV: hepatitis C virus; HBsAg: hepatitis B surface antigen;

ALT: alanine aminotransferase; NS: nonsignificant. #: living conditions were

based on the ratio between the number of housemates and number of rooms

where the inmate lived before imprisonment.

TABLE 2 Risk for tuberculin skin testing positivity (TST+)
according to geographical area of birth compared
with Italian-born

Area TST+ OR (95% CI) p-value

Italy 40/328 (12.20) 1

Western Europe 3/16 (18.75) 1.66 (0.45–6.08) NS

Eastern Europe 11/29 (37.93) 4.40 (1.93–9.98) ,0.001

South America 8/25 (32.00) 3.38 (1.37–8.35) 0.008

Africa 16/43 (37.21) 4.26 (2.11–8.60) ,0.001

Others 2/7 (28.57) 2.88 (0.54–15.34) NS

Data are presented as n/N (%), unless otherwise stated. OR: odds ratio; CI:

confidence interval; NS: nonsignificant.

TABLE 3 Risk for tuberculin skin testing positivity (TST+)
according to Italian area of birth

Area TST+ OR (95% CI) p-value TB incidence#

Italy

North 1/21 (4.76) 0.24 (0.03–1.89) 0.17 69.93

Centre 4/32 (12.50) 0.69 (0.22–2.14) 0.53 22.05

South 29/171 (16.96) 1 32.04

Main Islands" 6/103 (5.83) 0.30 (0.12–0.75) 0.011 10.00

Data are presented as n/N (%), unless otherwise stated. OR: odds ratio; CI:

confidence interval; TB: tuberculosis. #: per 100,000, based on TB cases

notified in 2002 among general population; ": Sicily, Sardinia.

TABLE 4 Multiple logistic regression model to identify
independently related determinants for positive
tuberculin skin test in male inmates

Characteristics OR (95% CI) p-value

Age 31–40 yrs 4.12 (1.53–11.09) 0.005

Age .40 yrs 3.78 (1.35–10.60) 0.011

Foreign-born 4.89 (2.40–9.97) ,0.001

Education f5 yrs 1.88 (0.96–3.66) 0.063

Living conditions o3 persons?room-1 1.65 (0.50–5.51) 0.409

Previous imprisonments 5.67 (0.67–47.50) 0.109

Length of stay in prison yrs 1.11 (1.01–1.22) 0.030

OR: odds ratio; CI: confidence interval.
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DISCUSSION
Prisons are universally recognised as crucial settings for the
prevention and control of MT infection [1, 22, 37], thereby also
influencing the MT spread among the general population [1,
21, 22, 27, 37]. To the current authors’ knowledge, this is the
first report investigating MT infection in a prison population
within the Italian correctional system. To date, only two
studies published in Spain have investigated this problem
among European countries [30, 31].

A major limitation of the current study was the low propor-
tion of inmates (36%) who had a fully determined TST, which
was required for eligibility into the study. The diverse
distribution of several variables (i.e. age, sex and area of
origin) between the subjects who entered the study and those
excluded might have influenced the estimation of MT infection
prevalence, which, therefore, should be interpreted with
caution. However, it is felt that the identification of correlates
of MT infection has not been greatly influenced by a possible
recruitment bias. The relatively low rate of prisoners complet-
ing testing reflects a common problem of clinical practice in
this setting. In fact, it is well known that a high proportion of
detained persons often do not complete the diagnostic and
therapeutic procedures aimed at the control of TB or other
health problems [26, 28, 38]. This is due to a number of factors,
but mainly to inmate release or to their relocation to other
prisons before a programmed health assessment can be
completed. Resolution of this problem requires a more
adequate coordination between the necessity for security
measures and the health needs of prisoners, between the
health services of different correctional facilities and, lastly,
between the prison health services, community care centres
and public health agencies [22, 39].

Another possible bias in the current results might be
represented by the absence of information concerning pre-
vious bacille Calmette–Guérin (BCG) vaccinations. In the
current study, this information was not obtained, since both
the patients’ history in this regard and the search for the BCG
scar are difficult and often unreliable [40, 41]. However, if a
previous BCG vaccination ever influenced the overall pre-
valence of positive TST, it is believed that this occurred only to
a minor extent, and that this possible influence did not
significantly affect the identification of the correlates of the
MT infection. In fact, several recent studies found no
significant effect of a previous BCG on TST results [42–44],
since BCG reactivity disappears within years [44]. A meta-
analysis on this topic showed that this reactivity becomes
either very weak or absent within 15 yrs of vaccination [45].
BCG was incorporated into the infant vaccination schedule by
the Expanded Programme on Immunization in 1974 [42], but
the coverage in many countries remained inadequate for
o10 yrs [46]. BCG was prescribed and administered at birth or
within the fifth year of age in most countries [47]. In Italy, BCG
became mandatory by law for certain risk groups and all
military recruits starting in 1970, and was routinely performed
up to 2002. The influence of BCG on TST results is low in
subjects from countries with a high TB prevalence [42]. For all
the previous reasons, if any influence of BCG on the current
authors’ TST was suspected, it would have led to an
overestimation of the MT infection, mainly among the younger
inmates and those born in Italy; even if this overestimation had

been recognised, it would have strengthened, rather than
weakened, the strong correlation found between TST reactivity
and both older age and being foreign-born.

A TST positivity was detected in 17.9% of the current study
population. Comparison with the general population is
difficult, since no large TST surveys have ever been conducted
in Italy. The data from Mantoux tests performed in 1996–1999
among 2,369 Italian military recruits showed a reaction size
.5 mm in 6.1% subjects and .10 mm in 4% [48]. The current
finding is similar to that reported by LOBATO et al. [28] from
49 correctional facilities in the USA (mean TST positivity
rate517%). In Europe, as mentioned previously, data are
available (not recent) from only two penitentiaries in Spain
[30, 31], where a 56% rate of MT infection was detected. This
extremely high prevalence, similar to that reported in devel-
oping countries such as Pakistan [29], was probably influenced
by several factors, such as a lower cut-off for skin-test
positivity (.5 mm induration in all inmates) than that used
by LOBATO et al. [28] and in the current study, and a higher rate
of TB infection and disease both in prisoners and the general
community when the surveys were performed (1991–1994).
Conversely, in the current study, different rates of TST
positivity were reported from the participating centres (range
0–36.11%). Also, the frequency of positive TST found in
various correctional facilities within the USA ranged 12.5–
30% [23–28]. This variation within the same geographic area
can most probably be explained by the fact that the relative
proportion of at-risk groups for MT infection can vary among
different prisons, and, over time, even within the same facility.
Therefore, based on these findings, inmates should not be
considered merely as a single at-risk population for MT
infection, but rather as an heterogeneous population composed
of several, if not many, different subgroups, each with a
specific risk. Periodic identification in a particular prison
setting of those inmate groups at an increased risk of MT
infection would help to ‘‘target’’ measures for TB control in
that setting.

Male sex was found to be associated with TST positivity in
univariate analysis (OR522.3). It was not possible to verify this
association, since females had to be excluded from the
multivariate analysis. However, this finding is consistent with
that reported in the two studies that addressed, thus far, this
correlation between TST and sex [28, 31].

As reported in other surveys [29–31], age was one of the factors
that strongly correlated with TST positivity in the current
population. In the multivariate analysis, inmates .30 yrs
showed a four-fold greater risk for MT infection compared
with younger subjects. The reasons for this association can be
attributed both to the increasing probability of exposure to MT
with increasing age and to the greater diffusion of TB in the
past [49].

A markedly higher rate of MT infection was observed among
foreign subjects (OR54.9; 95% CI52.40–9.97). The only study
that examined this correlation in a prison setting was from the
USA [27], reporting similar results (foreign-born inmates were
5.9-times more likely to have positive TST than USA-born
inmates). In the current study population, inmates from
Eastern Europe showed the highest frequency of test positivity
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(37.9%), which is statistically similar to the results in subjects
from other low-income areas (table 2). Detainees from all these
areas showed a 3.4–4.4-fold greater risk of being MT infected
compared with residents born in Italy and other Western
European countries. These findings are consistent with the
high proportion of new TB cases represented by foreign
subjects, reported among the general population in Italy and
other industrialised countries [50, 51]. Moreover, the present
result is quite distressing, since there is a much higher
concentration of immigrants in Italian prisons (up to 64%)
than in the community (2.5%) [33]. This can be partly explained
by the geographical position of Italy, representing a major
gateway for both legal and illegal immigration into Western
Europe from the many low-income areas facing the
Mediterranean Sea. No significant correlation was found in
the foreign population between TST positivity and the time of
arrival in Italy, suggesting that MT infection in these subjects is
mainly acquired in the country of origin, i.e. before immigra-
tion, even though TB usually develops after arrival at the
destination [50].

According to multivariate analysis, an education of f5 yrs
correlated (weakly) with a positive TST, whereas living
conditions of o3 persons per room before incarceration
showed no association. These findings correspond with those
reported by the only survey considering these variables in a
confined population [29], suggesting that a low educational
level can be a more reliable indicator than a crowded living
condition as a indication of poor socio-economic status, which
is a well-known risk factor for MT infection [35, 52].

In the current study population, the risk of being reactive to
TST increased with the duration of current detention (11%
increased risk for each year spent in prison with multivariate
analysis). This result is in agreement with results from other
reports examining this correlation [18, 29, 31], and suggests
that, in Italy, as elsewhere, prisons represent a risk environ-
ment for MT transmission. Conversely, the above-mentioned
surveys performed in the Italian prison system in 1994 [32]
showed that 26.1% of TB cases were due to an exposure that
occurred during detention. The most probable reasons for this
risk have been previously mentioned.

With univariate, but not multivariate, analysis, HIV-infected
inmates showed a lower rate of positive TST than those who
were HIV negative. A negative correlation between the two
variables was also detected in two previous studies [30, 31],
whereas only one survey [27] reported a positive correlation
with univariate analysis, but only 15% of that population was
HIV tested. The frequency of positive Mantoux testing in HIV-
infected subjects is often influenced by the high rate of false
negatives documented in these subjects [36] and can be
misleading, considering the higher risk in the same population
for both MT infection and active disease [35, 36]. Therefore,
among HIV-infected subjects, active surveillance, early diag-
nosis and proper management of TB represent measures
deemed necessary, regardless of TST results, for the control of
the spread of MT infection and disease.

Whether IDUs are at an increased risk for MT infection is a
controversial topic [35, 53]. In the present study, no association
was found between TST positivity and IDUs, in agreement

with the only two studies investigating this correlation in a
prison setting [30, 31]. This result, however, might have been
influenced by several factors: in particular, these subjects were
generally young with elevated rates of HIV infection, two
conditions that favour TST negativity.

In conclusion, the current study indicates that subjects
detained in the Italian prison system are affected by a relevant
rate of MT infection and are at risk for MT transmission.
Therefore, the current recommendations concerning popula-
tions at high risk for TB, and specifically those within the
detention system [1, 36, 54], should be fortified nationwide. In
particular, the screening of entrants and the clinical surveil-
lance of residents is very important in order to obtain a prompt
diagnosis, isolation and treatment of inmates with TB, thus
avoiding undiagnosed smear-positive cases. Furthermore, TST
screening is helpful to identify and treat latent MT infection.
Control measures should be aimed especially at groups with a
greater risk for MT infection, such as males .30 yrs,
immigrants, subjects with an education f5 yrs or those who
are detained .2 yrs. In addition, TB-control measures need to
be provided for all HIV-infected persons, regardless of TST
results. This is necessary to prevent the spread of MT among
detainees, staff and, ultimately, the surrounding community
[1, 21, 22, 27, 37].

Conversely, the higher concentration of groups at risk for
Mycobacterium tuberculosis infection in this setting, compared
with the general population, provides an ideal opportunity to
focus public health efforts concerning tuberculosis control in
these subjects, who are otherwise often difficult to reach in the
community, thus ultimately providing benefits for the entire
society.
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