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A B S T R A C T

The Tuberculosis (TB) notification rates are 5 to 81 times higher in prisons worldwide when compared to the
general population. The state of Santa Catarina (SC) has few epidemiological data regarding TB in prisons. The
aim of this study was to evaluate the molecular epidemiology of circulating strains in prisons of SC. The study
comprised 95 clinical samples from six prisons. Among the cases included, all subjects were male, predominantly
caucasians, and young adults, with low education level. The positive smear in the TB diagnosis comprised 62.0%
of cases. About 50% of subjects had some condition associated with TB. The Spoligotyping results showed that
the most frequent lineages were LAM (50.7%), T (22.2%) and S (11.6%). The 12-loci MIRU generated 62 dif-
ferent genotypes. The MSTs showed evolutionary relationships between Mycobacterium tuberculosis spoligotypes
from SC and evolutionary relationships between the prison isolates and studied parameters. This first study on
TB in prison units of SC highlighted the predominance of SIT216/LAM5, and SIT34/S. Interestingly, his profile
was found to be different from that observed in a previous study performed with the state's general population.
This data shows the need for continued surveillance of episodes of TB occurring among prison inmates in an
emerging country like Brazil.

1. Introduction

Tuberculosis (TB) is one of the world's deadliest infectious diseases.
TB notification rates are 5 to 81 times higher in prisons worldwide
when compared to the general population (WHO, 2014). In Santa
Catarina (SC), Southern Brazil, the incidence rate within the prison
system in 2014 was 1295/100,000 inhabitants, 25 times higher when
compared to the general population (Brasil, 2014; Brasil, 2016). The SC
prison system's capacity is sufficient to accommodate only 60% of the
total inmate population, demonstrating the rate of overcrowding in SC
prisons (Brasil, 2014).The prolonged stay in enclosed and poorly ven-
tilated spaces, overcrowding, lack of control measures for air-trans-
mitted diseases, and high HIV infection rates among prisoners en-
courage the TB transmission (Dara et al., 2015).

Molecular epidemiology studies are useful tools in the identification
of factors of TB distribution and transmission among the inmates. In

this study, Spoligotyping and Mycobacterial Interspersed Repetitive
Units – Variable Number Tandem Repeat (MIRU-VNTR) analyses were
employed to determine the frequency of Mycobacterium tuberculosis
(MTB) genotypes in clinical isolates from inmates of SC prisons. The
genotypes were then related to clinical and epidemiological data, and
compared with non-prison TB isolates in SC to verify any prison-related
specificities.

2. Materials and methods

This study was approved by the Research Ethics Committee of the
Federal University of Santa Catarina under number
03448612.9.0000.0121.

Ninety five MTB clinical isolates were obtained from the Central
Laboratory of Public Health of SC (LACEN-SC), from January/2010 to
December/2014. Samples were collected from 95 inmates from six
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prison units in SC: State Prison Complex - COPE (São Pedro de
Alcântara), Male Prison of Florianópolis - PMF, Male Prison of Tubarão
- PMT, Southern Penitentiary – PS (Criciúma), Santa Augusta Prison –
PSA (Criciúma) and Prison Complex of the Vale do Itajaí – CPVI (Itajaí).
Drug susceptibility testing (DST) was performed with the Bactec MGIT
960. Clinical-epidemiological data on the participants were obtained
from the Notifiable Diseases Information System (SINAN).

MTB DNA was extracted using cetyltrimethylammonium bromide,
as described by Van Soolingen et al. (1994), followed by Spoligotyping
(Kamerbeek et al., 1997) and 12-loci MIRU-VNTRs (Supply et al.,
2000). For genotyping analysis and comparison with an international
database, spoligotype patterns were entered in the SITVIT2 proprietary
database (Couvin and Rastogi, 2014, 2015). In this database, Spoligo-
type International Type (SIT) and a 12-loci MIRU International Type
(12MIT) designate patterns shared by two or more isolates, whereas
“orphan” designates patterns reported for a single isolate.

The Pearson Chi-Square test and Fisher's exact test were employed
using the website “openepi.com” to compare the results between this
and other studies. p Values< 0.05 were considered statistically sig-
nificant. Data on prison isolates were compared with non-prison TB
isolates in SC (Nogueira et al., 2016). Lastly, evolutionary relationships
were studied through the elaboration of Minimum Spanning Trees
(MSTs) using the BioNumerics Software version 6.6 (Applied Maths,
Sint-Martens-Latem, Belgium).

3. Results and discussion

SC has a population of approximately 7,006,200 inhabitants, which
corresponds to 3.4% of the Brazilian population (IBGE, 2017). The
state's prison population corresponds to 0.25% of the SC general po-
pulation and represents approximately 2.4% of the Brazilian prison
population. It is estimated that over the past ten years the number of
inmates in SC prisons increased> 40%, over twice the capacity of the
state's prison units. Currently, the prison system's capacity is sufficient
to accommodate only 60% of the total inmate population, demon-
strating the rate of overcrowding that occurs in SC prisons (Brasil,
2014). SC has 49 prison units. The population of the six prisons in-
cluded in this study represents 30% of the SC prison population (CNJ,
2017).

3.1. Clinical-epidemiological and demographic characteristics

Clinical and epidemiological data for the 95 prison isolates are
summarized in Supplemental Table S1, Cases distribution according to
prison unit was as follows: 22.1% (21/95) were from COPE, 27.4% (26/
95) from PMF, 10.5% (10/95) from PMT, 2.1% (2/95) from PS, 14.7%
(14/95) from PSA and 23.2% (22/95) from CPVI. Of the 95 cases,
14.7% (14/95) had not been included in the notification system;
therefore, the only available data on these cases came from LACEN-SC,
including gender, age, prison unit, and DST results.

Results of the smear test at the time of diagnosis were positive in
62.1% (59/95). In addition, treatment follow-up smear testing showed
that 62.0% of the cases remained positive after the second month of
treatment. Moreover, in more than half of the prison units, smear test
conversion occurred only in the fourth month of treatment. This de-
monstrated that the transmission chain of TB is maintained inside the
prison for many months, a concerning fact, as the risk of transmission in
institutionalized interactions is 10 times higher than in casual interac-
tions (WHO, 2014). Approximately 64% (61/95) of the individuals
were tested for HIV, and 32.8% (20/61) had positive results, rate higher
than that found in other prisons throughout Brazil (p < 0.001)
(Silveira et al., 2007; Kuhleis et al., 2012). DST results showed that
9.5% (9/95) of the isolates displayed some form of drug resistance and
3.2% (3/95) were MDR-TB. Similar results were obtained in the general
population with TB in SC (p > 0.050) (Nogueira et al., 2016). Most
cases were registered as new cases (76.6%; 62/81) and 17 (21.0%) as

relapse. Regarding the outcome, most cases were successfully treated
(75.3%, 61/81), while 11 (13.6%) inmates abandoned treatment.
Treatment default was observed mainly in younger individuals, who
were HIV-positive, and had started the directly observed treatment
(DOT) in prison. HIV-positive individuals have a lower chance of cure.
Moreover, this default rate may be related to the interruption of
treatment due to prison transfer or release. Treatment default was also
related to TB/HIV coinfection (p = 0.001), being possibly due to the
intensified adverse effects that occur with the concomitant treatment of
both diseases.

3.2. Genotyping, database comparison and evolutionary relationships

Detailed information on Spoligotyping and 12-loci MIRU typing
results in conjunction with demographic and epidemiological in-
formation is summarized in Supplementary Table S1. Briefly, spoligo-
typing identified 33 different profiles: 89 isolates were classified as
belonging to 27 different SITs and six isolates were classified as or-
phans. There were 17 isolates with unique standards and 78 were
grouped into clusters. This study resulted in five new SITs. The most
frequently lineage was the Latin-American & Mediterranean (LAM),
comprising 50.7% (48/95) of the isolates, followed by the T-super-
family with 22.2% (21/95), S lineage (11/95; 11.6%), East African-
Indian (EAI) (4/95; 4.2%), Haarlem (3/95; 3.2%), Ural (1/95; 1.1%),
and the European X lineage (1/95; 1.1%). The most frequent SITs were
SIT216/LAM5 (13/95; 13.7%), SIT34/S (11/95; 11.6%) and SIT42/
LAM9 (8/95; 8.4%). The other identified SITs comprised from one to six
isolates each (Supplementary Table S1). The detailed analysis of spo-
ligotyping defined clusters (representing 2 or more strains) and corre-
sponding SITs among prison isolates in SC as compared to their global
distribution in SITVIT2 database is in the Table 1. As can be easily seen,
nearly all clusters corresponded to MTB Complex shared-types and
lineages commonly found in South America, and specifically Brazil. The
12-loci MIRU analysis generated 62 different genotypes. Nineteen ge-
netic groups were formed with 100% similarity, 14 of them comprising
two isolates each (Supplementary Table S1), three with three isolates
each (MIT34, MIT1757, MIT1761), one with seven isolates (MIT1758),
and one with eight isolates (MIT1764).

To evaluate the evolutionary relationships among MTB spoligotypes
in SC, MSTs were drawn for 481 isolates from inmates (data from this
study) and non-inmates (Nogueira et al., 2016) (Fig. 1). A super re-
presentation of the S lineage was observed among the inmates (11.6%)
when compared to the non-prison population (1.6%; p < 0.01). In the
general population, isolates of the S lineage were observed only in the
Southern region of SC (Nogueira et al., 2016), which explains its pre-
valence in the Criciúma prison unit, located in this region. However, the
presence of SIT34/S was also verified in the unit of Great Florianópolis,
demonstrating the possible dissemination of strains due to inmates
transfer among SC prisons. A sub-representation of the Haarlem family
was observed among the prison population (3.2%) compared to the
non-prison population (12.7%; p < 0.01), this difference was not re-
lated to clinical-epidemiological data.

In global population of SC, EAI5 lineage representing 2.7%
(SIT3099/EAI5, n = 13/481) of strains, split as 4.2% in prison (n = 4/
95) vs. 2.3% (n = 9/385) in the non-prison population. In this context,
it should be noted that in the global spoligotyping-based MST drawn for
the 481 strains from SC, two major branches were formed, the first one
mainly by the LAM lineage and the second one by the T and Haarlem
lineages, corroborating earlier observations (Gomes et al., 2012). As
mentioned recently (Nogueira et al., 2016), SIT3099 which was clas-
sified as EAI5 in our study; was closely linked to SIT42/LAM9 in the
MST (Fig. 1B), surrounded by other major SITs from the LAM lineage
(SIT64/LAM6, SIT93/LAM5, SIT216/LAM5 and SIT17/LAM2).

Considering the existing doubts about the EAI5 assignment to SIT3099
by the SITVIT2 database (Couvin and Rastogi, 2014, 2015), we decided to
reevaluate its lineage based on combined spoligotyping and MIRU data
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