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Tuberculosis in a southern Brazilian prison
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The occurrence of tuberculosis (TB) in prisons has been described as an alarming public health problem in many
countries, especially in developing nations. The objective of this study was to conduct a survey among prisoners with
TB respiratory symptoms in order to estimate the incidence of the disease, to analyze the drug susceptibility profile
and genotype the isolates of Mycobacterium tuberculosis in the city of Charqueadas, southern of Brazil. The TB in-
cidence was 55/1,900 inhabitants in the prison, this corresponds to an incidence of 3,789/100,000 inhabitants, with a
prevalence of 72/1,900 (4,960/100,000 inhabitants). Drug susceptibility test was performed and, among the analyzed
isolates, 85% were susceptible to all drugs tested and 15% were resistant to at least one drug, of which 89% were
resistant only to isoniazid (INH) or in combination with another drug. The genotype classification of spoligotyping
analysis showed that 40% of the isolates belong to LAM family, 22% to T family, 17.5% to Haarlem family, 12.5% to
U family and 3% to X family. The shared international spoligotypes most frequently found were 729 (27%,), 50 (9.5%),
42 (8%), 53 (8%) and 863 (8%). In conclusion, it was observed that TB in this specific population had been caused,
mostly, by strains that have been transmitted in the last few years, as demonstrated by the large level of genotype
clustering. In addition, it was found specific large clusters, which were not often found in the general population
from the same period and in the same region.
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The occurrence of tuberculosis (TB) in prisons has
been described as an alarming public health problem in
many countries, particularly in developing nations (Banu
et al. 2010, Todrys et al. 2011). Furthermore, the TB in-
cidence rate is higher in prisons than at the national level
in Azerbaijan (61 times higher), Spain and Germany (10
times higher) and France (4 times higher) (Aerts et al.
2006). Data from Brazil are scarce; however, the TB
prevalence in prisons in the city of Sao Paulo (SP) was
70 times higher than among the general Brazilian popu-
lation (Abrahdo et al. 2006). In a Rio de Janeiro (RJ)
state prison, the prevalence was 35 times higher than in
the state-wide general population (Legrand et al. 2008).

The prison population is predominantly young and
male with a low education level and prisoners usually
originate from disadvantaged communities with high
TB rates (March et al. 2000). The prisoners usually live
in unhealthy settings and do not have the resources or
habits to keep themselves healthy. The prisoners may
also have unhealthy habits or addictions that contribute
to their poor health and have risk factors for developing
TB, such as alcoholism, smoking and drug use. For these
reasons, inmates enter prison with pre-existing illnesses
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or with a higher risk of becoming ill compared to the
general population (Dara et al. 2009). When the inmates
enter the prison system, they are exposed to several
factors that contribute to TB evolution, such as incar-
ceration, overcrowding, a higher prevalence of human
immunodeficiency virus (HIV) infection and malnour-
ishment (Lobacheva et al. 2007, Banu et al. 2010, Abebe
et al. 2011, Todrys et al. 2011).

A biomolecular approach used in several countries
has proven that TB transmission inside prisons contrib-
utes significantly to the high TB incidence rates observed
in prison populations (Clark et al. 1997, ljaz et al. 2004).
Methods such as spoligotyping are less discriminatory
than other genotypic analysis systems such as minimum
inhibitory concentration-variable-number tandem-repeat;
however, spoligotyping can be useful when patterns from
TB cases are compared with the international bank (Spol-
DB4) of Mycobacterium tuberculosis (Mtb) isolates or the
data from other countries or communities. This approach
has shown that some emerging Mtb strains induce more
severe forms of TB or manifest higher failure or relapse
rates than other strains (Zhang et al. 2005, Brudey et al.
20006, Lazzarini et al. 2008). Additionally, this approach
has helped to explain the spread of Mtb worldwide and
revealed the predominance of different geographical gen-
otypes (Brudey et al. 2006, Filliol et al. 2006, Gagneux
et al. 2006). Moreover, a quick identification of mycobac-
teria within the Mtb complex (MTC) is enabled by this
approach and the transmission and evolution of these mi-
croorganisms can be examined (Supply et al. 2001, Igna-
tova et al. 2006). In Spain, one institution characterised
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the transmission as recent and determined that it was ac-
quired within the institution in two-thirds of the identi-
fied cases (Clark et al. 1997).

In addition, difficulty in accessing health care and
poor adherence to treatment plans contribute to delayed
diagnosis, disease transmission and the emergence of
multidrug-resistant TB (MDR-TB) strains (Aziz et al.
2006), which are particularly common in prisons (Banu
et al. 2010).

Prison overcrowding and the circulation of visitors
and workers in prisons, between prisons and within the
general population can lead to the swift transmission of
TB, including drug-resistant forms, both inside and out-
side of the prison setting. Released prisoners can infect
people in their communities; this transmission repre-
sents a serious health public risk (Mac Neil et al. 2005,
Todrys et al. 2011). The prison population has increased
considerably in Brazil over the years, making prisons the
perfect places for TB transmission (Baptista et al. 2002).
These circumstances reveal that urgent actions must be
taken to detect and treat TB in inmates and trace the
TB transmission routes in the community and in prisons
(Abebe et al. 2011).

In this study, a survey was conducted among prison-
ers with TB respiratory symptoms in the metropolitan
region of the city of Porto Alegre, the capital of the state
of Rio Grande do Sul (RS), South Region of Brazil. The
objectives of this work were to estimate the prevalence of
the disease, to analyse the drug susceptibility profile of
the prison population and to genotype the isolates of Mtb
to better understand disease transmission among prison.

PATIENTS, MATERIALS AND METHODS

Setting - RS is the most southern Brazilian state and
its capital, Porto Alegre, has 1.4 million inhabitants (Bra-
zilian Institute of Geography and Statistics) (ibge.gov.br/
cidadesat/topwindow.htm?1). RS has a TB incidence of
47 per 100,000 inhabitants [State Centre for Health Sur-
veillance of RS (CEVS/RS) (saude.rs.gov.br/wsa/portal/
index.jsp?menu=organograma&cod=4442) and Porto
Alegre has an incidence of 120 per 100,000 inhabitants,
which is the highest incidence rate of TB in Brazil. Ap-
proximately one third of the TB patients in Porto Alegre
are co-infected with HIV, which is considerably higher
than the average rate of 8-10% nationally.

Patients - This is a descriptive epidemiological
study and the study population included inmates of the
State Penitentiary of Jacui (PEJ), Charqueadas, RS,
which receives prisoners from Porto Alegre and its
metropolitan region.

From August 2007-August 2008, a screening ques-
tionnaire was given to 1,900 prisoners. The inclusion
criteria were cough for more than three weeks, signing
an informed consent form and answering the question-
naire. Two sputum samples were collected from each
participant on different days and forwarded to and proc-
essed at the Centre for Scientific and Technological De-
velopment of the State Foundation of Production and
Health Research (FEPPS). Each patient was included in
the study only once and contributed only one isolate.

Ethics - This work has approval from the ethical com-
mittee on research of the FEPPS/RS (410528/2006-4)
and was conducted within an ethical framework.

Bacteriological analysis - The samples were decon-
taminated and cultured in accordance with Kudoh and
Kudoh (1974). To detect Mtb, Ziehl-Neelsen smears and
staining were prepared (BK). The samples were classi-
fied according to the National Laboratory Guidelines
for Surveillance of Tuberculosis and other Mycobac-
teria (MS/SVS 2008). After identification at the spe-
cies level through an analysis of the morphologic and
biochemical characteristics (MS/SVS 2008), the Mtb
isolates were stored in a pH 6.8 phosphate buffer and
frozen at -20°C.

Drug-susceptibility testing (DST) - DST was per-
formed using the 1% proportion method on Lowenstein-
Jensen medium as standardised by Canetti et al. (1969).

DNA extraction and genotyping by spoligotyping -
The genomic DNA from the culture was extracted by
the CTAB method (van Embden et al. 1993). The strains
were spoligotyped following the Kamerbeek et al. (1997)
method. The following definition was adopted: a cluster
was a group of two or more patients whose genotypes
had 100% identical spoligotypes.

RESULTS

Among 1,900 inmates of the PEJ, 392 (20.6%) had
TB respiratory symptoms. Of these 392 inmates, 350
(89%) had contact with TB within the PEJ, 35 (8.9%)
had a previous contact with TB outside the institution
and, after their imprisonment, they had additional TB
contact. Sixty-six prisoners (17%) had at least one epi-
sode of TB in the past and 11 (2.8%) were undernour-
ished. Seventy-two patients (3.8%) were positive for TB.
Of these 72 patients, 68 (94.4%) were both culture and
smear sputum positive. Four (5.6%) inmates were only
sputum smear positive. Twenty samples (27.8%) were
paucibacillary (fewer than 20 colonies in the culture) and
one sample was smear sputum positive.

The TB prevalence was 3.8% (72 of 1,900 inhabit-
ants). Of the TB cases, 17 patients (23.6%) had at least
one prior TB episode and were considered retreatment
cases. Thus, the incidence of new cases was 2.9% (55 of
1,900 inhabitants). This incidence corresponds to an in-
cidence of 3,789 TB cases per 100,000 inhabitants. The
mean patient age was 30.64 years (ranging from 20-60)
and 98.7% of cases were younger than age 45. The de-
mographics for the 72 TB patients were as follows: 56
(77.7%) were white, three (4.16%) were illiterate, the av-
erage number of years of education was 5.38, 46 (63.8%)
had a partner, 41 (56.94%) were smokers, 29 (40.27%)
were drug users, five (6,9%) had HIV, 64 (89%) had
contact with TB within the PEJ, eight (11%) had a pre-
vious contact with TB outside the institution and after
imprisonment had additional TB contact, 17 (23.6%) had
at least one episode of TB in the past and four (5.5%)
were undernourished (body mass index < 18). Among
the prisoners with respiratory symptoms, there was no
significant difference between those with and without
TB (regarding the above analysed characteristics).
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DST was performed in 60 isolates of Mtb, as four
culture samples were negative and eight isolates were
not viable for the analysis. Fifty-one (85%) of the ana-
lysed isolates were susceptible to all of the tested drugs
and nine (15%) were resistant to at least one drug. Eight
(89%) of the resistant isolates were resistant to isoniazid
(INH) either alone or in combination with another drug.

Sixty-three isolates were available for genotyping.
Upon genotype classification by spoligotyping as de-
fined by Brudey et al. (2006), 25 (40%) isolates belonged
to the LAM family, 14 (22%) belonged to the T family,
11 (17.5%) belonged to the Haarlem family, eight (12.5%)
belonged to the U family, two (3%) belonged to the X
family and three (5%) had an unclassified spoligopattern
(not listed in the worldwide spoligotypes bank SpolDB4).
Further analyses evaluating shared international spoligo-
type (SIT) patterns showed 55 (87.3%) isolates clustering
with 10 different SITs; 22 isolates formed LAM lineage
bunches in two different clusters. The main cluster in
the study had 17 (27%) isolates and belonged to SIT729
(LAM]1) and a cluster of five isolates belonged to SIT42
(LAMY). The second most prevalent clustering was
SIT65 [T1 (T4-CE1 ancestor?)] with seven (11%) isolates
and the third most prevalent was SIT50 (Haarlem3) with
six (9.5%) isolates. Eight (12.7%) isolates matched the
eight individual SITs reported in our study as orphans
by SpolDB4 (Table). Three isolates were segregated into
three SITs that were not reported by SpolDB4. Of these
three isolates, two could be defined as LAM by their
similarity with this family, as shown in Table.

DISCUSSION

The TB prevalence found in the studied population
was higher than in the general population. Despite inher-
ent methodological study limitations (in comparing dif-
ferent size populations) and despite measuring incidence
and prevalence in an unstable population (Rieder et al.
2011), when the incidence rates found in this study (3,789
per 100,000 inhabitants) were projected and compared to
the number of RS cases reported during the same period
(47 per 100,000 inhabitants), the PEJ prevalence was ap-
proximately 80 times higher than in the general population
in RS and 32 times higher than in the general population
of Porto Alegre (CEVS/RS). Several studies of prisons in
SP and RJ have shown data similar to the results of the
current study (Oliveira & Cardoso 2004, Abrahio et al.
2006, Fournet et al. 2006). The reasons for the higher TB
prevalence rates observed in prisons could be explained
by several factors. First, prisoners have a higher risk of
becoming infected with TB than the general population,
as most prisons are overcrowded and a high number of
prisoners share a cell with inadequate ventilation, inade-
quate hygiene and inadequate nutrition; in addition, pris-
oners have limited access to health services and spend
little time outdoors. Second, the life circumstances of
most prisoners (low socioeconomic and education level,
narcotic drug use, HIV infection and underfeeding) can
predispose them to developing active TB once they are
infected (WHO 1998, Lobacheva 2007, Dara et al. 2009,
Todrys et al. 2011). In this study, five (6,9%) of the 72
TB-positive prisoners declared themselves to be HIV

positive on the questionnaire and the other 67 TB-posi-
tive prisoners were unaware of their HIV status or denied
their status. This method of ascertaining HIV status may
be considered a limitation of the study.

When evaluating the microscopy and culture tech-
niques used as diagnostic criteria, 45.8% of samples
were positive according to both techniques. Thirty-five
patients (48.6%) were diagnosed only by culture and 20
samples (27.8%) had growth of less than 20 colonies
(paucibacillary). These findings confirm the importance
of using culture, as recommended by the Brazilian Min-
istry of Health, which considers it the “gold standard”
for detecting and identifying Mtb.

Despite its delay in producing results (approximately
4 weeks for non-automated samples) and the expected
contamination rate (3-5%), culture has good sensitivity
and specificity, which enables the identification of the
etiologic agent in clinically paucibacillary specimens
(Campos et al. 1996, Lee et al. 1999). According to the
Handbook of National Tuberculosis Laboratory Surveil-
lance (MS/SVS 2008), 20% more cases of pulmonary
TB are found when sputum cultures are performed com-
pared to smear-only case definitions. Culture also allows
further identification of mycobacterial isolated species,
susceptibility testing to anti-TB drugs and faster DNA
access for molecular techniques. Culture specificity to
TB diagnosis is higher than 99% and absolute specificity
is achieved when the tests are performed to identify the
MTC. The application of this diagnosis technique meets
the recommendations of the new Guidelines of Recom-
mendations for Tuberculosis Control (MS/SVS 2010) for
vulnerable populations, which state that sputum culture
should be performed whenever TB is suspected, regard-
less of the smear result.

Another important finding of this study concerns the
resistance of Mtb to anti-TB drugs performed in 60 of 72
(83.33%) patients. Resistance was found in nine (15%)
cases in which four (6.6%) had monoresistance (1 drug)
and five (8.4%) had resistance to at least two drugs. This
resistance prevalence was similar to the 11.1% drug re-
sistance prevalence found in RJ prison (Sanchez et al.
2007). In both cases, the resistance prevalence was high-
er than the national resistance rate, which was 8.5%, ac-
cording to the results of the First Survey of Resistance to
Anti-Tuberculosis Drugs held in Brazil in 1996 (Braga
et al. 2003). These findings emphasise that directly ob-
served treatment should be prioritised with the offering
of a culture test for all high risk patients, such as drug
users, alcoholics, patients being retreated to avoid the
emergence of MDR strains, the homeless and patients
living in closed communities (e.g., prisons, hospices,
nursing homes and psychiatric hospitals).

The spoligotyping analysis showed that the three ma-
jor genotypic families (LAM, T and Harlem) comprised
84.5% of the tested isolates; however, the proportion
of isolates in the LAM family was lower, although this
family has been found more frequently in other studies.
The family LAM, which was found in 40% of isolates, is
common in Africa, Central America, Europe and South
America and represents 80% of all isolates in the Bra-
zilian SpolDB4 (Brudey et al. 2006, Lipin et al. 2007,
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Dalla Costa et al. 2009, Ritacco et al. 2011, Perizzolo et
al. 2012). The Mtb strains of the Beijing family have con-
tributed largely to the global spread of TB (Parwati et al.
2010). However, Beijing strains were not observed in our
specific population, which is in accordance with other
South American studies, including Brazil (Dalla Costa
et al. 2009, Ritacco et al. 2011); spoligotyping can be
useful for identifying this possibility at an early stage.

LAM1 SIT729 (27%) and U SIT863 (8%) have been
reported in other studies and have been associated with
patients who have incarceration histories. Cafrune (2009)
identified SIT863 in six patients who had a recent incar-
ceration history. This spoligopattern is not often reported.
One isolate was found in the United States of America,
two were found in the city of Pelotas, RS and, more re-
cently, two were found in Venezuela (Borsuk et al. 2005,
Sequera et al. 2008). However, SIT729 was reported to be
associated with incarceration by Cafrune (2009); 72% of
the patients with this SIT were inmates. A study of MDR-
TB strains from RS identified three isolates belonging to
the U family SIT863 and one of these isolates was in a
prisoner (Perizzolo et al. 2012). The spoligotyping analy-
sis showed that the resistant strains are probably not being
spread quickly among the inmates, as the resistant geno-
types differed from each other, except for two INH-resis-
tant isolates that belonged to SIT729 (LAMI). As shown
in Table, most isolates were allocated to a few clusters
(87.3% cluster rate). This finding demonstrates that only
a few strains may be responsible for the colonisation of
the hosts and they prevail due to the close proximity be-
tween inmates. This process was previously reported
by Moreira-Oliveira et al. (2008). This cluster rate was
slightly higher than the rate usually reported for the gen-
eral population (Cafrune et al. 2009, Dalla Costa et al.
2009). In addition, the clusters found in this inmate popu-
lation are not often found in the general population from
the same period and region (Valim et al. 2000, Cafrune et
al. 2009, Dalla Costa et al. 2009, Perizzolo et al. 2012).

Further analyses indicated that the evaluated SIT pat-
terns showed that 55 (87.3%) isolates (clustered by spoli-
gotyping) matched with 10 different SITs. Among these
SITs, 22 were LAM lineage and bunched in two different
clusters. The main cluster in the study had 17 (27%) iso-
lates and belonged to SIT729 (LAM1); the other cluster of
five isolates belonged to SIT42 (LAMO9). The second most
prevalent clustering was SIT65 [T1 (T4-CEl ancestor?)]
with seven (11%) isolates and the third most prevalent clus-
tering was SIT50 (Haarlem3) with six (9.5%) isolates. The
Haarlem presence [11 (17.5%)] was higher than in other
studies performed only with strains from RS (Cafrune et
al. 2009, Perizzolo et al. 2012). No correlation was found
between the genotype families, which were defined by
spoligotyping and resistance to any drug (Table).

In conclusion, it was observed that TB in this specific
population had been caused primarily by strains that have
been transmitted in the last several years, demonstrated
by the large level of genotype clustering. In addition,
specific large clusters, which were not often found in
the general population, were observed. Actively search-
ing for cases and the use of culture allowed for the early
diagnosis of 25% of the expected cases in a hostile envi-

ronment where health access is restricted and the health
system is not always accessed. The application of DST
enabled the identification of MDR bacilli and the reori-
entation of correct treatment for these patients. SIT729
and SIT863 may correlate with a history of incarceration;
however, further studies should be conducted using other
techniques of genotyping with higher discriminatory
power to confirm if the isolates of each SIT are a single
strain spread throughout the prison system. These find-
ings would be important because MDR isolates with the
profile SIT863 have already been found and these SITs
are associated with an important vulnerable group con-
sisting of members who are deprived of liberty.
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