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SUMMARY

Aimed at assessing the circulation of Mycobacterium tuberculosis in a highly endemic prison,

this 13-month prospective study was performed on strains isolated from tuberculosis (TB) cases

detected passively and actively. We used X-ray screening of newly admitted inmates and mass

screening at the beginning of the study and again 1 year later. Of the 94 strains genotyped by

restriction fragment-length polymorphism, 79 (84.0%) belonged to one of the 12 identified

clusters (2–21 strains each), including two main clusters (18 and 21 cases, respectively). A history

of TB treatment was reported in 22/79 (27.8%) clustered cases. Time–space distribution of

clustered cases was predominantly consistent with transmission, in micro-epidemics. Given the

dominant pattern of exogenous infection and the extensive strain circulation, effective TB control

should emphasize reduction of overcrowding and improvement of environmental measures as a

complement to detection and treatment of cases.
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INTRODUCTION

Tuberculosis (TB) is a major public health problem

in prisons of countries of high and intermediate

endemicity such as Brazil [1], a situation attributed

to several causes : living conditions in overcrowded,

poorly ventilated and poorly illuminated cells, limited

prison health services and difficult access to these

services. Frequent history of TB treatment and

incarceration, high HIV prevalence and drug use fur-

ther aggravate the situation [2].

In Rio de Janeiro State, TB incidence rate in the

prison system during the year previous to our study

was 2686/100 000 with a 73% cure rate [3]. This inci-

dence rate was 33 times higher compared to that of

the general population of the state [4]. X-ray surveys

showed active TB prevalences ranging from 4.6% to

8.6% in detainees from three different prison units

[5, 6] and a 2.7% prevalence in detainees entering the

prison system from police remand centres [7].

TB incidence, prevalence and risk factors have been

extensively investigated in inmates using conventional

epidemiological methods [5–10]. However, combined
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with these methods, molecular approaches provide

more in-depth information on the dynamics of

Mycobacterium tuberculosis (MTB) transmission as it

allows the identification of cases presumably related

to recent infections [11]. This approach has proven

particularly informative when applied to highly

endemic prisons by demonstrating the intensive cir-

culation of strains sharing the same genotypic profile

and patterns of transmission [12–14].

Previous molecular epidemiological studies of TB

in prisons have been performed on cases identified

mostly through passive detection of inmates. In con-

trast, nested in a follow-up study aimed at evaluating

the impact of X-ray screenings on incidence of TB,

this 13-month prospective study was conducted on

TB cases identified by both passive and active detec-

tion in newly admitted and already incarcerated

inmates.

METHODS

Background

In the Rio de Janeiro (RJ) State prison system

(around 20000 inmates distributed in 37 prison

units), the TB control programme is based on the

recommendations of the National TB Control

Programme for the general population [15] : passive

detection based on passive detection and supervised

treatment. TB patients are treated and followed up

in their own prison unit. Those who need special

attention (e.g. resistant cases and HIV or diabetes-

associated cases) are hospitalized in the Sanatorio

Penal.

Study setting and population

The study was performed in a medium security prison

unit for inmates aged>18 years with a mean duration

of incarceration of 4 years (maximum 8 years) and

with a high turnover (around 60% annually). Newly

admitted inmates are transferred from remand centres

after being sentenced or from other prisons. During

the year prior to the present study, TB incidence rate

in that prison was 8185/100 000, one of the highest in

RJ prisons units [3].

The characteristics of this unit, which hosted 1418

inmates at the beginning of our study, are similar to

those of most other prisons of RJ state and Brazil. As

seen in Figure 1, it comprises, on a single level, two

independent blocks, organized similarly : block A

(n=785 inmates) with 12 cells and block B (n=633)

with nine cells. Each cell hosts between 60 and 75 in-

mates. In each block, cells open onto a corridor where

inmates stay during daytime whereas, during the

night, they are locked in their cells. Changes from one

block to another and, within the same block, from

one cell to another are not infrequent, but records of

these changes are not available. Corridors and cells

have poor ventilation and illumination. Within cells,

bunks are located on two levels.

Twice a week, inmates from each block spend

4 hours in an open courtyard. Additional contacts
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1 I 
III* 
V 
VI 

1 II 
IX 
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VI, VI  
X, X, X, X 
U, U  
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3 VII, VII, VII 
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X 
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III 
VI, VI/XI† 
VII 
U 
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U, U, U 
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Fig. 1. Distribution of clustered and non-clustered tubercu-

losis cases by blocks and cells at the time of first examin-
ation in a highly endemic prison. Cases in clusters are
indicated by the cluster number (from I to XII) ; non-
clustered cases are indicated by the letter U. # Cases infected

by strains belonging to two different clusters. * Cases diag-
nosed in inmates entering the prison.
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between inmates from the two blocks occur in the re-

fectory, the dispensary, the prison school attended by

around 30% of the detainees, and during religious

services. In addition, twice a week, inmates from each

block receive visits from families and friends in the

courtyard.

Case detection

During our 13-month prospective study (June 2005 to

July 2006), TB cases were identified according to one

of the three following methods : (1) X-ray screening at

entry to the prison performed within 1 week after

admission; (2) X-ray cross-sectional mass screening

performed at the beginning of the study and again

1 year later; (3) passive detection.

Information regarding the inmates was obtained

during a face-to-face interview using a standardized

questionnaire concerning sociodemographic, penal

(history of incarceration and information on actual

incarceration) and clinical characteristics. Additional

information on place and time of previous incarcer-

ation(s) was obtained from the RJ State prison system

records.

The following algorithms (Fig. 2) were used to

identify our study population:

(1) X-ray screenings were performed in a system-

atic manner, independently of the presence of

symptoms, and all inmates presenting any

X-ray pleural, mediastinal and/or pulmonary

abnormality underwent bacteriological examin-

ations (sputum Ziehl–Neelsen smear microscopic

examination and culture on Lowenstein–Jensen

slant) performed in the laboratory of the

Sanatorio Penal.

(2) All inmates attending the prison dispensary dur-

ing the study period with cough of o3 weeks

duration or other symptoms suggestive of TB had

a sputum smear microscopic examination and an

X-ray. Sputum culture was performed if inmates

were AFB smear-positive and/or had any X-ray

abnormality.

Cases with an MTB-positive culture were included

in the phenotypic and genotypic analyses. TB cases

were tested for HIV antibodies according to rec-

ommendations of the Brazilian Ministry of Health

[16]. Susceptibility to Rifampicin (RFM), Isoniazid

(INH), Streptomycin (SM) and Ethambutol (EMB)

was evaluated by the standard proportion method

[17] at the Professor Helio Fraga National Reference

Center, ENSP, Fiocruz, MS.

Genotyping

Genotyping of MTB isolates was performed by

IS6110-based restriction fragment-length polymor-

phism (RFLP) according to a standardized method

described previously [18] with minor modification [19]

at the Cellular Microbiology Laboratory, Fiocruz,

MS. The DNA fingerprint patterns were analysed by

 

X-ray screening
(entry and mass screening)   

Chest X-ray independently of
symptoms   

 
Normal X-ray 

AFB smear and culture 

Culture (–) Culture (+) 

Genotyping 

 
Passive detection

 

 
AFB smear and chest X-ray

AFB smear (–)
and normal

X-ray

AFB smear (+)
and/or any X-ray

abnormality  

Culture 

Culture (–) Culture (+) 

Genotyping 

Any X-ray 
abnormality 

Fig. 2. Diagnostic algorithms of culture-positive tuberculosis identified through X-ray screenings and passive detection in a
highly endemic prison.
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computer software BioNumerics 1.50 (Applied Maths

NV, Belgium) with a similarity matrix and dendogram

constructed using the Dice coefficient and UPGMA

algorithm with a position tolerance of 0.72%. These

patterns were visually verified for consistency. Cluster

pattern strains were defined as those strains having

at least 90% similarity. Isolates with fewer than

six IS6110 copy numbers were analysed using the

spoligotyping method described by Kamerbeek

et al. [20].

Laboratory cross-contamination was ruled out by

verification in the laboratory register that strains with

an identical fingerprint pattern had not been pro-

cessed the same day.

Data analysis

x2 and Fisher’s exact tests were used to compare pro-

portional variables. The Student’s t test was used for

analysing continuous variables. Values of P<0.05

were considered indicative of significance. In addition,

the time–space pattern of TB occurrence in subjects

harbouring strains belonging to a same cluster was

determined in an attempt to reconstitute chains of

transmission.

Ethical approval

Institutional ethical approval was obtained from the

Ethics Committee for Human Research of the

Instituto Oswaldo Cruz, Fiocruz, Rio de Janeiro,

Brazil.

RESULTS

A total of 3372 X-rays were performed for screening,

a figure which represents 97.6% of the total number

of X-rays expected to be performed based on the

nominal lists of detainees provided by the prison

administration. All eligible inmates underwent

bacteriological examinations. Out of the 127 culture-

positive cases diagnosed during the study period, 94/

127 (74.0%) were available for genotyping including

7/14 (50.0%) cases diagnosed in newly admitted in-

mates, 34/48 (70.8%) during the first mass screening,

24/27 (88.9%) during the second mass screening

and 29/38 (76.3%) cases identified through passive

detection.

Drug susceptibility of MTB strains was tested in 89/

94 (94.7%) cases. One case was resistant to RFM and

INH (multidrug resistant ; MDR) and five others were

resistant only to SM (n=3) or INH (n=2). Another

case, initially resistant to INH, was identified as being

MDR 6 months later. Out of the 94 genotyped cases,

61 (64.9%) were tested for HIV, and one (1.6%) was

HIV-seropositive. The comparison of the 94 geno-

typed cases vs. the 33 cases not genotyped did not

show significant differences for sociodemographic,

penal and clinical variables (data not shown).

Of the 94 genotyped cases, 79 (84.0%) were in-

fected by strains belonging to one of the 12 clusters

identified (2–21 strains each) numbered I–XII ; two

main clusters (VI, 18 cases ; VII, 21 cases) represented

48.1% of the clustered cases. Out of the 94 genotyped

cases, five (5.3%) hosted strains with fewer than six

IS6110 hybridizing bands. One remained as an

orphan pattern. The four others belonged to cluster

III which, after strain spoligotyping, was divided into

two spoligoclusters with two cases each.

Strains belonging to two different clusters were

identified in three patients. The first two patients,

whose infection was considered as polyclonal, were

identified from the 27 TB cases whose strains were

isolated from two sputum samples collected within a

maximum of 15 days (Table 1). From the third

patient, an INH-resistant strain belonging to cluster

VII was isolated during the first mass screening and,

6 months later, a MDR strain belonging to cluster IX.

All three cases were HIV-seronegative.

Differences in sociodemographic, penal and clinical

characteristics of clustered and non-clustered cases

were not of substantial magnitude except for history

of TB treatment, which was twice as frequent in clus-

tered cases, without statistical significance (Table 2).

Of the 79 clustered cases, 22 (27.8%) had a history

of TB of which seven were identified in the first

screening (n=6) or at entry into the prison unit

(n=1). The 15/22 (68.2%) remaining cases, identified

through passive detection and during the second mass

screening, had no evidence of active TB on clinical,

radiological or bacteriological grounds when they

were screened during the first mass screening or at

prison entry, i.e. before the actual diagnosis of TB.

The proportions of clustered cases in patients

who had TB strains genotyped were not substantially

different (P=0.39) in cases identified by screening at

admission (71.4%, 5/7), compared to cases identified

in the first mass screening (85.7%, 30/35), in the

second mass screening (78.3%, 18/23) or through

passive detection (89.7%, 26/29).

The percentage of clustered cases was not signifi-

cantly different according to the block where inmates
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were kept: 80.8% (45/52) in block A vs. 78.6% (33/

42) in block B (P=0.46). With the exception of cluster

XII (two cases) observed only in block A and cluster

VIII (four cases), cluster IX (four cases) and cluster

IV (three cases) in block B, cases belonging to the

same cluster were distributed in both blocks (Fig. 1).

In only two cells did all TB cases belong to the same

cluster: cell A11 with two cases of cluster VI and cell

B6 with four cases of cluster VII, including the case

who successively hosted two different strains belong-

ing to clusters VII and XI.

Given the difficulty in determining precisely the

time of onset of a disease as insidious as TB, based

on the patient’s perception of symptoms, the data

shown in Figure 3 were based on the date of the initial

clinical and X-ray examination. The 29 cases

identified through passive detection as well as the

24 cases identified in the second mass screening had

no evidence of active TB during the first mass

screening or screening at entry.

Out of the five clustered cases identified in inmates

entering the prisons, none was the first of a cluster. All

of them had previously been incarcerated for 11–18

months in the same prison while at least one of the

cases belonged to the same cluster. All INH-resistant

and MDR cases identified during the study belonged

to the same cluster (cluster IX) with the exception of

the above-mentioned casewith two strains successively

isolated (the first strain, INH resistant, belonged to

cluster VII and the second, MDR, to cluster IX).

Table 1. Characteristics of multiple Mycobacterium tuberculosis isolates from the same patients with different

genotype detected in a highly endemic prison population

Mode of detection
Interval*
(days)

Strain characteristics Patient characteristics

Clusters Drug susceptibility TB history HIV status

Patient 1 Passive detection 15 VII/XI Susceptible 11 months#/cured$ Neg.
Patient 2 Second mass screening 2 VI/XI Susceptible No Neg.

Patient 3 First mass screening/
passive detection

180 VII/IX INH-R/MDR 29 months/cured Neg.

* Interval between the two strain isolations.
# Time elapsed between previous and actual active TB episodes.

$ Cure based on clinical, bacteriological and X-ray criteria.

Table 2. Characteristics at the time of first examination of clustered and

non-clustered tuberculosis cases in a highly endemic prison

Variables
Clustered cases
(n=79)

Non-clustered
cases (n=15) P

Sociodemographic

Age mean, years (range) 26.4 (19–52) 25.1 (20–35) 0.45
Years of education
(mean ¡ S.D.)

5.1¡2.8 5.9¡3.1 0.34

Living in favela# 54/79 (68.3%) 9/15 (60.0%) 0.56

Smokers 57/78 (73.1%) 11/15 (73.3%) 1
Penal

History of incarceration 31/79 (39.2%) 7/15 (46.7%) 0.77

Total duration of incarceration
(months ¡ S.D.)

44.3¡32.3 40.8¡39.0 0.72

Accomodated in block A 45/79 (57.0%) 7/15 (46.7%) 0.57

Clinical

History of TB treatment 22/79 (27.8%) 2/15 (13.3%) 0.34
Extensive X-ray lesions* 40/79 (50.6%) 6/15 (40.0%) 0.58

HIV-seropositive 1/50 (2.0%) 0/11 0.82

S.D., Standard deviation.
* Cases with bilateral or excavated X-ray lesions.
# An informal settlement without normal urbanization.
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DISCUSSION

The two main findings of our study in a prison unit

where inmates were screened at entry, at the begin-

ning of the study and again 1 year later are: (1) a high

percentage (84%) of clustered cases, principally

belonging to two main genotypes; (2) a large pro-

portion (68%) of clustered strains in cases identified

through passive detection and at the second mass

screening.

Compared to previous molecular epidemiological

studies performed in a prison setting which were

based on passive detection [12] with active detection

limited to newly admitted inmates [13, 14], our ap-

proach associating passive and active detection allows

a more precise study of the MTB strain circulation.

It is possible that some cases with limited X-ray

lesions may have missed being diagnosed resulting in

an underestimation of the real magnitude of the

problem, but we emphasize that, as recommended by

den Boon et al. [21], the criteria used to select subjects

eligible for bacteriological investigations was the

presence of ‘any radiological abnormality’ and not

‘presence of abnormality suggestive of TB’. Thus,

X-ray was not used as a diagnostic tool but as a tool

used for identification of suspected TB cases, an ap-

proach which limits the difficulties of radiological

interpretation.

Our data are consistent with the fact that a majority

of cases diagnosed in the prison during mass screen-

ings and through passive detection (around 71.3%

after excluding the presumed index case of each clus-

ter) are due to recent infections by strains circulating

in the prison in concomitant micro-epidemics and

suggest that the strains belonging to the two main

clusters may be more transmissible than others. This

indicates that recent intra-institutional transmissions

of TB (exogenous infection) and not reactivation of

latent infections contributes substantially to the high

TB endemicity. These observations are consistent

with the many close contacts between inmates living

in the two blocks of the prison in a confined, over-

crowded, poorly ventilated and poorly illuminated

environment. This explains why, with few exceptions,

strains belonging to a given cluster are spread

throughout the prison rather than only in a given

block or cell. In this context of major overcrowding,

collecting individual information on contacts between

inmates in order to reconstitute transmission chains

would not be feasible.

Previous studies in highly endemic prisons showed

that a history of TB treatment is frequent among in-

mates (25.5% overall in our study population) and is

a risk factor associated with TB in such settings [5–9].

Cases with a history of TB are commonly considered

as recurrent cases most often due to poor treatment

Cluster  
(no. cases) 

First mass 
screening 

            Second mass  
screening 

I (6)  
II (4) 
III (4) 
IV (3) 
V (5) 
VI (18) 

VII (21) 1

VIII (4) 
IX (4) 1 2 2 1

X (9)   
XI (2)        
XII (2)          
Non-cluster (15) 
Month 6 7 8 9 10 11 12 1 2 3 4 5 6 7

 2006 2005 Year

Fig. 3. Temporal distribution of tuberculosis (TB) cases at the time of first examination according to cluster in a highly
endemic prison. Each circle or square represents a TB case. For each cluster, cases are distributed according to date of first

examination. Open squares or circles represent cases identified in inmates at entry; shaded squares or circles represent cases
identified in already incarcerated inmates during the first or second mass screening or, independently of mass screenings,
through passive detection. Squares represent cases with a history of TB treatment ; circles represent cases without history of

TB treatment. 1 Indicates cases resistant only to INH; 2 indicates multi-drug resistant. The three cases from which strains
belonging to different clusters were isolated are indicated by a line between cases.
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compliance. The results of our study suggest that the

majority of these cases are, in fact, due to recent

infections (exogenous infections) acquired within the

prison and are consistent with the results of a study

performed in the general population of a high TB

incidence area in South Africa [22]. In our study, this

fact was also evidenced by the absence of clinical,

radiological and bacteriological evidence of active

TB during the first mass screening or screening of

inmates at entry who were later diagnosed as TB cases

through passive detection or during the second mass

screening. These observations may have important

implications in the management of subjects with suc-

cessive episodes of active TB (e.g. the drug suscepti-

bility of MTB strains may differ from one episode to

another).

The high rate of clustering previously observed in

population- and hospital-based studies [23, 24] and

the occurrence of an outbreak in a housing facility for

HIV-infected persons [25] were explained in part by

the fact that HIV-associated immunosuppression

accelerates the transition from TB infection to active

TB in subjects exposed to MTB strains. Our study

provided evidence that a high rate of clustering and a

rapid progression of infection may also be observed in

populations where TB is highly endemic, indepen-

dently of HIV infection.

Several observations in the present study strongly

suggest that the circulation of MTB strains should

be considered not only at the scale of the prison

investigated but at the scale of the entire RJ State

prison system: (1) as shown in Figure 3, out of seven

TB cases identified in newly admitted inmates, five

belonged to one of the clusters and none was the first

of a cluster ; (2) the percentage of clustered strains

was similar among strains identified at entry, during

the mass screenings or through passive detection;

(3) clustered cases identified in newly admitted

inmates had been in contact with at least one of the

cases belonging to the same cluster during a previous

incarceration. During this period, they may have

infected each other or have been infected from a

common source with the same MTB strain. This im-

portant MTB strain circulation at the scale of the

prison system could be related to the high turnover of

inmates and the high TB endemicity in the remand

centres and other prisons for men in the system.

The comparison of clustered vs. non-clustered cases

for sociodemographics, penal and clinical parameters

did not show significant differences for any of the

variables investigated, but the statistical power of

our analysis was limited due to the small number of

non-clustered cases.

In this population exposed to many different MTB

strains, we detected only two polyclonal infections,

but our study was not designed to evaluate the fre-

quency of this occurrence as only 27 TB patients had

strains isolated from two successive sputum samples

and genotyped. This procedure is necessary to ac-

curately detect polyclonal infections as emphasized

by Shamputa et al. [26] who, in a highly endemic

Georgian prison, estimated the frequency of such

infections to be 13%.

The MDR and the two INH-resistant cases ident-

ified belonged to a same cluster (IX) demonstrating

the potential role of the prison ambiance in amplify-

ing the diffusion of a resistant strain through micro-

epidemics. The isolation from a HIV-seronegative

patient of an INH-resistant strain belonging to cluster

VII and, 6 months later, of an MDR strain belonging

to cluster IX is most likely related to an exogenous

infection from the other MDR case belonging to

cluster IX who was incarcerated in the same block

and was diagnosed with TB 3 months earlier. Suc-

cessive infections by different MTB strains have been

previously observed in HIV-infected inmates [27].

The relatively low frequency of drug-resistant cases

in our study population is in apparent contrast with

the high frequency of past TB treatment. This may be

explained by the fact that most cases with a history of

TB treatment are not recurrent cases but are due to

recent exogenous infections.

To control TB in prisons, conventional measures

should remain the priority [5–7] including: (1) edu-

cational measures aimed at improving the awareness

of inmates, guards and prison health workers in

regard to TB for earlier detection of cases through

passive detection; (2) implementation of active detec-

tion (screening at 12-month intervals and its feasi-

bility considered) ; (3) improvement of treatment

supervision in order to obtain better cure rates.

However, the fact that a large proportion of cases

observed in our study, even in subjects with a history

of TB, were presumably due to recent exogenous in-

fections suggests that the efficacy of any TB control

strategy is likely to be limited if it is not associated

with decreasing the overcrowding and implementing

environmental measures aimed at limiting the exten-

sive circulation of strains within the prison system

(e.g. improvement of ventilation and natural illumi-

nation, use of ultraviolet lamps) [2, 28]. As resources

allocated to prisons and interest for inmates’
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wellbeing are limited, these measures should be sim-

ple, based as often as possible on low cost for the

implementation of measures and maintenance of

equipment to improve ventilation and illumination.

These measures should be urgently integrated into

any TB control programme in prisons and may im-

pact on other communicable diseases as well. They

should be applied to the construction of new prison

units and the rehabilitation of old ones without

necessarily incurring major costs, but are likely to

have an important effect on the incidence of TB, not

only for the benefit of inmates, but also for the pro-

fessionals working within the prisons, the families of

inmates and the communities where the inmates will

reintegrate after being freed. Hence, the Brazilian

Ministries of Health (National TB programme) and

Justice together with the TB Brazilian Global Fund

initiated in 2010 a programme aimed at implement-

ing, in partnership with architects, these environ-

mental measures in the prisons of Brazil [29].
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Sanitária da Secretaria de Estado de Saúde do Rio de

Janeiro, 2004.
5. Sánchez A, et al. Prevalence of pulmonary tuberculosis

and comparative evaluation of screening strategies in a

Brazilian prison. International Journal of Tuberculosis
and Lung Disease 2005; 9 : 633–639.

6. Sánchez A, et al. A tuberculose nas prisões do Rio de
Janeiro : uma urgência de saúde pública. Cadernos de
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