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Abstract 
Tuberculosis (TB) is a serious infectious disease and its control is considered 
a challenge, particularly among vulnerable populations such as prisoners. The 
prevalence of TB in prisons is an alarming public health problem in many 
countries. The aim of this study is to describe the epidemiology of tuberculo-
sis and the strategies for controlling this disease in the Chadian prison popu-
lation. During the course of our study, the prevalence of tuberculosis in pris-
ons was 9.64%. The age group between 55 years and over (43.33%) was the 
most represented in this study, and all patients were men with a frequency of 
62.66%. The cross-tabulation of Culture_7H9G and Culture_7H9P showed 
that out of our total positive sample, we found a total of 87 positive strains 
and 63 negative strains. Our study shows that it is essential to know the pre-
valence of tuberculosis in all the country’s prisons. Indeed, this can serve as 
an indication of the need for action in prisons to reduce TB rates, in particu-
lar by improving the structure of prison environments, diagnosing new cases 
quickly and accurately, identifying drug-resistant strains and implementing 
effective, direct treatment observed in people with tuberculosis. 
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1. Introduction 

Tuberculosis (TB) remains a major public health problem worldwide, particu-
larly in emerging countries where 80% of TB cases occur. Following the adop-
tion in 2015 by the United Nations (UN) of the Sustainable Development Goals 
(SDGs), one of the targets is to put an end to the tuberculosis epidemic. In 2018, 
there were an estimated 10 million new cases of tuberculosis, of which 1.5 mil-
lion died [1]. Tuberculosis remains a transmissible disease affecting various age 
groups and social classes [1] [2]. In this sense, there are populations at increased 
risk of developing tuberculosis (called key populations by the Global Fund to 
Fight AIDS, Tuberculosis and Malaria), such as people living with the human 
immunodeficiency virus (HIV), migrants, refugees, children, people with di-
abetes, indigenous populations and prisoners [3]. Tuberculosis in prisons is a 
major public health problem worldwide. A meta-analysis revealed that the inci-
dence of tuberculosis in prisoners was 4.1 to 26.9 times higher than in the gener-
al population [4]. Prisons are environments conducive to the transmission of 
Mycobacterium tuberculosis, as in most of these settings there is a high turnover 
of prisoners, in addition to overcrowded and poorly ventilated conditions [5]. 
The frequent transfer of prisoners between prisons creates a network of contacts 
within the prison which probably facilitates the spread of M. tuberculosis and 
may spread the risk of infection to the general population [6]. The estimated 
prevalence of latent tuberculosis infection (LTI) and active tuberculosis in pris-
ons is higher than in the general population. In addition, many of these individ-
uals consume tobacco, alcohol and illicit drugs and are therefore considered risk 
factors, as they favour the development of active tuberculosis. Unfortunately, TB 
control measures in these settings are lacking, and this population has limited 
access to healthcare [7] [8]. 

In Chad, tuberculosis must therefore be one of the priority diseases to be mo-
nitored in prisons [9]. Diagnostic and therapeutic methods are available to re-
duce the spread of the disease among inmates, guards and visitors, and also to 
reduce the cost to the state of treating the disease [10]. In Chad, the literature on 
tuberculosis in prisons is almost non-existent. A partial study was carried out in 
2023 in six prisons to assess the effectiveness of tuberculosis control [9]. The 
province of N’Djamena accounts for the largest proportion with about 33% of 
cases. Then, 35 patients resided in Mongo province, corresponding to about 23% 
of the cases. Abéché province had 20 patients, or about 13% of cases. Sarh and 
Kelo had 5 patients (approximately 3%) and 25 patients (approximately 16%) 
respectively [9]. Knowledge of the epidemiological and operational indicators of 
tuberculosis is fundamental for planning interventions to control the disease and 
identifying areas for intervention and systems improvement. The aim of this 
study is therefore to analyse the epidemiological and operational indicators of 
tuberculosis among prisoners in selected prisons in Chad. 

2. Methodology 

1) Study locations: 
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The data was collected in the six prisons in Chad (N’Djamena, Abéché, Mon-
go, Kelo, Lai and Sarh). Data collection was carried out between November 2022 
and September 2023 in the six prisons. Bacteriological and molecular diagnostics 
were carried out at the Institute of Research in Livestock for Development 
(IRED) in N’Djamena. 

2) Study subjects  
The patients 
These were all cases suspected by a health centre manager of having had a 

cough for more than 15 days. The patient’s suspected tuberculosis status and so-
cio-demographic parameters such as sex, age, occupation, etc. were recorded on 
a survey form. Cases of extra-pulmonary tuberculosis identified by a prison 
health centre manager were also included in the study. 

3) Sample sizes 
The sample sizes for prisoners in six provinces were selected at random ac-

cording to the criteria of clinical signs. 
4) Sampling and laboratory analysis equipment  
This consisted of sampling bottles and tubes, coolers and carboglasses. The 

laboratory equipment consists of small items such as pipettes, sterile bags for 
grinding, culture tubes, beakers, etc., culture media (Middle Brook 7H9, Loe-
wenstein Jensen), buffer solution, reagents (Master mix, primers, etc.) and large 
items (biological safety hood, centrifuge, thermocycler, electrophoresis appara-
tus and a computer with a camera for images, etc.). 

5) Biological material 
The biological material collected from each patient consists of a 5 mL sample 

of sputum in a 5 mL volume of CPC kept at room temperature until dispatched 
to the IRED. 

6) Sample processing and laboratory analyses 
The sputum samples, decontaminated with cetyl pyridinium chloride (CPC), 

were washed with phosphate buffer pH 6.8 by adding 30 mL of phosphate buffer 
to the CPCCrachat mixture (10 m). After centrifugation for 15 min at 3500 rpm, 
the supernatant was discarded and the pellet suspended in 2 mL sterile distilled 
water and homogenised using a vortex mixer. A volume of 0.5 mL of this sus-
pension was inoculated onto Loewenstein Jensen solid medium (8 mL of me-
dium containing pyruvate or glycerol). A smear was then taken directly from the 
remaining homogenate. These inoculated solid media were incubated at 37˚C 
for eight (8) weeks, and monitored once a week until the growth of mycobacteri-
al colonies was observed. Samples collected at the abattoir were decontaminated 
using NaOH-N-acetyl L-cysteine as a decontaminant. After homogenisation, the 
samples were vortexed for 15 minutes in biological safety cabinet 14. The ho-
mogenate was then washed by adding 30 mL of phosphate buffer (pH 6.8) and 
after centrifugation for 15 minutes at 3500 rpm, the supernatant was discarded 
in a sodium hypochlorite solution. The pellet was resuspended in 2 mL STERILE 
distilled water and 0.5 mL of the suspension was inoculated into two tubes con-
taining 5 mL each of Middle brook Broth 7H9 liquid medium supplemented with 
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PANTA-OADC antibiotic, The cultures were then incubated at 37˚C for eight (8) 
weeks until growth was observed. The presence of Acid-Alcohol-Resistant Bacilli 
(AARB) was confirmed by staining smears taken from colonies or shoots har-
vested from the cultures using the Ziehl Neelsen method and observation under 
an optical microscope with an X100 objective, under immersion. After two 
months, all cultures that did not show growth were eliminated from the search 
for members of the M. tuberculosis complex. Colonies of bacilli collected from 
sputum samples on solid medium (Loewenstein Jensen) or from animal samples 
on liquid medium (7H9 Middle broth) were heat denatured on a heating block 
(85˚C for 30 min). The DNA extracts obtained following this denaturation were 
then analysed by various molecular diagnostic techniques using Polymerase 
Chain Reaction (PCR). 

7) Data entry and statistical analysis  
Data collected in the field and diagnostic results (bacteriological and molecu-

lar) were entered in duplicate into a secure database using Microsoft Excel. Data 
was transferred from Excel to spss version 25 using the spss/transfer software. 
The “prevalence rate” was used as a statistical measure to express 17 the fre-
quency (number of cases present) of patients in relation to the total number 
sampled. Relative frequency was used to express the number of cases in age 
groups, genders and socio-professional categories. Multivariate analysis (GLM: 
Generalized Linear Models) was used to identify factors significantly dependent 
on PCR positivity. 

8) Ethical considerations:  
To carry out this study, a research authorisation was issued by the Chad Min-

istry of Public Health and Prevention, and the approval of the governors of the 
six prisons in the province was obtained. 

3. The Results  

Prevalence during the period of our study from November 2022 to September 
2023, i.e. 9 months, an average of 1555 detainees was arrested in the six prisons 
of Chad (N’Djamena, Abéché, Mongo, kelo, Lai and Sarh). A total of 150 cases of 
tuberculosis were recorded in Chad’s six prisons, representing a prevalence rate 
of 9.64% (Table 1). 
 

Table 1. Breakdown of tuberculosis cases according to place of residence sex. 

Residence 
Gender 

Total 
Female Male 

 

Abéché 10 10 20 
Kélo 3 22 25 
Lai 6 9 15 

Mongo 15 20 35 
N’Djamena 21 29 50 

Sarh 1 4 5 
Total 56 94 150 
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The highest frequencies were observed in the city of N’Djamena with a num-
ber of 50 cases, i.e. 33.33%. The majority of patients (33.33%) were incarcerated 
at the N’Djamena prison, while the lowest percentage (3%) was incarcerated in 
Sarh. 

The average age of patients was 53.4 ± 11.7 years, with extremes of 18 and 70 
years. The most active age group was 55 years and over, with a percentage of 
43%, whereas the least active age group was 18 to 24 years. 

All the patients were males, who had more cases of tuberculosis, with a fre-
quency of 62.66%. On the other hand, among female prisoners with tuberculosis, 
we found that 37.33% of our samples came from six prisons in Chad.  

A wide range of socio-professional categories were represented, with 83.33% 
of patients not attending school, 30.66% of patients were unemployed, and 60% 
of inmates were married, civil servants 6% of cases and students 3% of the sam-
ple. The lowest percentages were inmates who were artisans and widows, with 5 
cases. 

3.1. Biological Data  

Bacteriological examination of sputum, used as a basis for the diagnosis of tu-
berculosis, was performed on all patients. A predominance of microscopy-positive 
pulmonary tuberculosis (MPT+) was noted on the slides in 9.64% of cases.  

Of the 150 positive sputum samples collected, all were treated. After culture 
on specific media, 87 strains of bacteria were isolated, representing a percentage 
of isolation of 58.00% (87/150). Mycobacteria accounted for more than 36.78% 
(32/87) of the bacteria isolated, including 25 strains of M. tuberculosis, the ma-
jority of which were found in the 55+ age group. The unemployed and farmers 
were the socio-professional categories most affected. Univariate analysis gave p > 
0.05. 

3.2. Radiological Data 

Detention was found in 33.33% of cases, followed by pleurisy in 20% and infil-
trates in 3%. Images of normal appearance were found in 33.33% of our inmates 
in the six provinces. 

3.3. Treatment Data  

Treatment was based on the recommendations of the national tuberculosis con-
trol programme (NTP) in force in Chad during the study period. Overall, the 
standard treatment for pulmonary tuberculosis was a combination of isoniazid 
and rifampicin for 6 months, supplemented by 1) ethambutol for the first 2 
months to prevent failure by selection of a rifampicin-resistant strain in the 
event of primary resistance to isoniazid, and 2) pyrazinamide for the first 2 
months (which reduced the duration of treatment from 9 to 6 months). Treat-
ment durations for extra-pulmonary tuberculosis are shown in Table 2. 
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Total duration of treatment of 9 months due to an increased risk of relapse for 
a duration of 6 months. Studies evaluating shorter treatment durations were ac-
companied by excessively high relapse rates ranging from 11% to 40%, making it 
impossible to consider a duration of less than 6 months (Table 3). 

A large part of the socio-professional categories was represented with 83.33% 
of the patients not in school, 30.66% of the patients were unemployed, and 60% 
of the inmates were married, civil servants 6% of the cases and students 3% of 
the sample and the lowest percentages were craftsmen and widowers with 5 cases 
(Figure 1). 

 
Table 2. Breakdown of tuberculosis cases by age and sex. 

Workforce 
Age 

Total 
18 to 24 25 to 34 35 to 44 45 to 54 55 to more 

Gender 
Female 0 11 3 40 2 56 

Male 2 1 23 5 63 94 

Total 2 12 26 45 65 150 

 
Table 3. Total duration of anti-tuberculosis treatment according to the type of disease. 

Disease Duration in months 

Lung, lymph node, pericardial, pleural, abdominal, genitourinary 6 6 

Bone  6 to 9 

Pulmonary with culture still positive after 2 months of treatment  9 

Meningitis 12 

 

 
Figure 1. Distribution of patients by marital status and occupation. 
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Culture_7H9G and Culture_7H9P results cross-tabulated  

 
Result Culture_7H9P Total 

Negative Positive  

Result Culture_7H9G 
Negative 63 26 89 

Positive 25 36 61 

Total 88 62 150 

 
Symmetrical Measurements 

Result Crop (G, P) Total Value 

Negative Number of valid G, P observations 63 

Positive Number of valid G, P observations 87 

Total Number of valid observations 150 

 
The cross-tabulation of Culture_7H9G and Culture_7H9P showed us that out 

of our total positive sample, we found a total of 87 positive strains and 63 nega-
tive strains, which may explain the cross-tabulation of Culture_7H9G and Cul-
ture_7H9P by the simplicity that if 7H9P positive and 7H9G negative, we consi-
dered the culture to be positive, just as if 7H9P positive and 7H9G positive, we 
considered the culture to be positive. 

4. Discussion  

In our study, the prevalence of tuberculosis in prisons was 9.64%. This preva-
lence varies from study to study, but is still very high compared with the general 
population, as shown by the results of studies carried out in Côte d’Ivoire (0.23% 
vs 9.3%), Malawi (5%), Ethiopia (8.33%), Niger (0.84%) and Guinea Conakry 
(0.075%). (23% vs 9.3%), Malawi (5%), Ethiopia (8.33%), Niger (0.84%) and 
Guinea Conakry (0.075%vs 2.4%) [10]-[18]. 

The length of stay in prison, which presumably increases the contact time 
with the source of contamination, does not seem to influence the extent of this 
prevalence, as 58% of patients have been incarcerated. Our study does not cor-
roborate those of Kadri Sani et al. [10] in Niger, who found 12 cases in 2008 
(42.85%) and 32.14% in 2009. The majority of patients were incarcerated in 
Niamey prison (71.42%), compared with 28.58% in Kollo. 

The age group between 55 and over (43.33%) is the most represented in this 
study. These results are similar to those found in Morocco by El Ghazi [19], who 
reports a predominance of this age group, which is more active and more ex-
posed to promiscuity and abuse. 

All the patients were male, with a frequency of 62.66%; these results are simi-
lar to those in the literature, such as those observed by Melese [20]; Bah [21]; 
Adane [16]. This could be explained by the fact that remand prisons are largely 
staffed by men and that the movement of prisoners between the men’s and 
women’s quarters was limited. Contrary to the results reported by Melese [20]; 
Bah [21], Ravahatra [22], the patients’ clinical picture was dominated by cough 
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(100% of cases), fever (92.85% of cases) and expectoration (67.85% of cases). 
It was found that in the health facilities visited, bacilloscopy was the only di-

agnostic technique used, given the lack of appropriate laboratory equipment for 
characterising mycobacteria of the M. tuberculosis complex, as in most health 
facilities in sub-Saharan African countries Boukary et al. [21]. Diagnosis (bacte-
riological and molecular) of the samples taken took place in the IRED’s myco-
bacteria and PCR units, which have a security level II laboratory but meet the 
requirements of a level III laboratory. The methodology used means that the re-
sults can be extrapolated to the whole of southern and western Chad. 

The detection of human tuberculosis due to M. bovis in co-infection with M. 
avium, on the one hand, and M. tuberculosis in cattle, on the other, is the first of 
its kind in Chad and represents a danger for the country. This result may be due 
to the close contact between humans and animals, but it is also proof of the poor 
management of health risks on farms, especially as the presence of these strains 
(bovine and avian) in humans could compromise the therapeutic regimen ap-
plied at national level for the treatment of tuberculosis. Cases of human tuber-
culosis due to M. bovis have been reported in eight African countries (Benin, 
Eritrea, Ethiopia, Rwanda, South Africa, Tanzania, Tunisia, Uganda), Boukary et 
al. [21], as well as in Nigeria and Madagascar [23] [24] [25] [26].  

Our results concur with their findings, confirming the importance of molecu-
lar diagnosis in the epidemiology of tuberculosis in Africa. The present study 
focused on the population in areas of high human concentration, and tuberculo-
sis infection is linked to gender (p = 0.03, OR = 3.3 IC OR 95%: 1.071 - 10.333), 
with women three 22 times more likely than men to be infected. This could be 
due to the fact that women are in much closer contact with the sick than men (in 
our societies, women are often at the bedside of the sick). 

The 55+ age group, which is the active age group, was the most affected. Ba-
lako et al., (29) found M.tuberculoisis at a rate of 61.53% in 260 people in Ethi-
opia, but our results (9%) differ from theirs. The difference may be due to the 
fact that the patients sampled in Ethiopia may constitute a high-risk group. The 
proportion of NCDs was 5%, close to Balako et al. [27] with 3.83%. 

Out of 150 strains of bacteria isolated after culture, only 87 belong to the M. 
tuberculosis complex after PCR analysis, while the remainder is environmental 
bacteria that can give false positives during a CDI test in livestock Ngandolo et 
al. [28]. This demonstrates the sensitivity of molecular diagnosis compared with 
bascilloscopic diagnosis and intradermal tuberculin testing, except that it is too 
time-consuming. 

However, in terms of prevention in the human population, the “Mantoux test 
followed by BCG vaccination”model remains the benchmark. 

5. Conclusions  

Tuberculosis remains one of the diseases that still pose problems of compliance 
and monitoring in prisons. It should be one of the diseases to be monitored as a 
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priority. Certain socio-demographic characteristics of the prison population, 
dominated by socio-economic insecurity and combined with their environmen-
tal vulnerability marked by poor ventilation and overcrowding, mean that pris-
oners are at very high risk of developing tuberculosis. 

Effective preventive and therapeutic measures are essential, and surveillance 
must be stepped up in order to prevent and reduce the morbidity and mortality 
of tuberculosis in prisons. 

Conflicts of Interest  
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Scientific Contribution 

This article provides important scientific information on the prevalence of tu-
berculosis in all the country’s prisons. 

Limitations of the Study  

Due to a lack of resources, this study was limited to sequencing the strains, 
which meant that it was not possible to differentiate between the different 
sub-species of the strains isolated, and it was not possible to carry out a search 
for resistance genes. 
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