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ABSTRACT 
 

Tuberculosis remains one of the leading causes of morbidity and mortality in Arab Maghreb. In this large 

and diverse geographic region, the dynamic of tuberculosis is contrasted among the different countries. In 

Tunisia, tuberculosis mortality is decreasing, but its incidence has risen almost one and a half times 

between 2002 and 2016. To contribute to the knowledge of tuberculosis epidemiology in Center Tunisia, 

we performed a characterization of Mycobacterium tuberculosis complex mycobacteria isolated over 7 

years to depict the dynamics of pulmonary tuberculosis in the region of Sousse and to establish molecular 

epidemiology. We investigated all the Ziehl-Neelsen-positive isolates made from respiratory tract 

specimens and related clinical specimens submitted for the routine diagnosis of pulmonary tuberculosis in 

one university and tertiary care center, Center Tunisia. After heat-inactivation, isolates were identified 

using rpoB gene sequencing first and quantitative real-time PCR (qRT-PCR) of the internal transcribed 

spacer (ITS) to confirm the identification of mycobacteria as members of the M. tuberculosis complex. 

Then, identification at the species level within the M. tuberculosis complex was ensured by PCR-

sequencing of the Exact Tandem Repeat D. Finally, the M. tuberculosis Beijing family was identified by 

using qRT-PCR in the isolates identified as M. tuberculosis sensu strict, which were further genotyped 

using RD deletion region system to detect lineages. Among 298 M. tuberculosis complex isolates, 294 

isolates were identified as M. tuberculosis sensu stricto and four isolates as Mycobacterium bovis BCG. 

The prevalence of M. tuberculosis in Beijing families steadily increased from 9.52% in 2014 up to 23.33% 

in 2016. M. tuberculosis was identified as the agent primarily involved in pulmonary tuberculosis and a 

correlation between the increasing prevalence of Beijing family isolates and increasing incidence of 

pulmonary tuberculosis was detected. 

 

Keywords: Mycobacterium tuberculosis, Mycobacterium tuberculosis Beijing, IS6110 insertion sequence, 

Real-time PCR, ETRD, RD deletion 

 
Article History (ABR-24-233) || Received: 26 May 2024 || Revised: 12 Jul 2024 || Accepted: 24-Jul-24 || Published Online: 29 Jul 2024 

This is an open-access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). 
 

1. INTRODUCTION 
Tuberculosis remains one of the leading causes of morbidity and mortality in Arab Maghreb countries 

which is one of the endemic zones for tuberculosis  (Ben Hadj Hassine et al. 2017; World Bank Group Data 

2018). Arab Maghreb is a large and diverse geographic region where the dynamic of tuberculosis is contrasted 

among the different countries. For example, between 2002 and 2015, mortality increased from 3.6/10 5 

inhabitants to 11/105 inhabitants in Libya. It remained stable at 8.1/105 inhabitants in Algeria and decreased 

from 14/105 inhabitants down to 9.6/105 inhabitants in Morocco and from 4.8/105 inhabitants down to 3.4/105 

inhabitants in Tunisia (Ahmed et al. 2017). 

In Tunisia, in this context of decreasing mortality, the incidence of tuberculosis nevertheless rose from 24/105 

inhabitants in 2002 to almost one and a half times at 38/105 inhabitants in 2016 (World Bank Group Data 2018). 

Tunisia is roughly comprised of three different regions with ecological and population specificities, i.e., North 

Tunisia, Center Tunisia, and South Tunisia. A dozen epidemiological studies of tuberculosis have been conducted 

over the last two decades in North Tunisia (Chevrel-Dellagi et al. 1993; Hermans et al. 1995; Karboul et al. 2008; 

Refai et al. 2015; Djemal et al. 2017), but only two studies have been conducted in South Tunisia (Smaoui et al. 

2015; Siala et al 2017). As for Center Tunisia, only one study of human tuberculosis was conducted (Kahla et al. 

2011) whereas three studies concerned bovine tuberculosis (Ben Kahla et al. 2011; Lamine-Khemiri et al. 2014; 

Djemal et al. 2017). 
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To contribute to the knowledge of tuberculosis epidemiology and the genetics characterization of clinical 

species causing TB in Center Tunisia, we performed a retrospective microbiological analysis of Mycobacterium 

tuberculosis complex mycobacteria isolated in this region from 2008 to 2010 and 2014 to 2017. The current study 

was designed to identify the percentage of PTB and species causing it in the first project and to identify the 

molecular epidemiology of PTB and species lineage. 

 

2. MATERIALS AND METHODS 
2.1. Ethics 

This study was approved by the local Medical Ethics Committee of the University Hospital Farhat Hached 

Sousse, Tunisia (approval number IRB 00008931; 2016). 
 

2.2.  Study Design  

This retrospective study conducted in a coastal region of Central Tunisia incorporated all the Ziehl-Neelsen-

positive cultures obtained from respiratory tract specimens and gastric juice specimens collected in patients 

suspected of pulmonary tuberculosis and submitted for the routine diagnosis of pulmonary tuberculosis in one 

university and tertiary care center Farhat Hacehd, Sousse, Tunisia. The characterization of these isolates was then 

made in the research unit MEPHI, IHU Méditerranée Infection, Marseille, France.  
 

2.3.  Study Population 

This study included all the positive cultures of mycobacteria routinely made for the diagnosis of pulmonary 

tuberculosis from respiratory tract specimens and some related specimens (gastric juice, pleural fluid) collected in 

patients suspected of pulmonary tuberculosis, in Sousse in 2008-2010 and 2014-2017 (for a total of seven years). 

Respiratory tract specimens and gastric juice specimens routinely addressed to the Microbiology laboratory of 

University Hospital Center Farhat Hached, Sousse, Tunisia for the microbiological diagnosis of pulmonary 

tuberculosis were established by microscopic examination after Ziehl-Neelsen staining, decontamination by N-

Acetyl-L-cysteine-sodium hydroxide and culture on Löwenstein-Jensen medium and Coletsos medium (BioRad, 

Roanne, France). All colonies were verified by Ziehl-Neelsen staining, and mycobacterial isolates were tentatively 

identified using conventional biochemical techniques and confirmed by GenoType molecular kits (Hain Life Science, 

Nehren, Germany) (Ahmed et al. 2017). Biochemical conventional techniques were based on catalase and peroxidase 

activities, the activity catalase was determined as follows, 100μL of the bacillary extract was added to 3mL of 5mM 

H2O2 in 50mM potassium phosphate (pH 7.0) and catalase activity was measured spectrophotometrically following 

the decrease in H2O2 concentration at a wavelength of 240nm to quantify the rate of decrease using an extinction 

coefficient of H2O2 at 240nm from 0.0435DO/mM.cm. Peroxidase activity was determined by the addition of 

100μL of the 50mM potassium phosphate bacillary extract (pH 7.0) containing 0.1mM O-dianisidine and 23mM t-

butyl hydroperoxide; absorbance at 460nm was monitored and velocity calculations were performed with an 

extinction coefficient of 11.3OD/mM.cm. Isolates were then inactivated by heating at 96°C for an hour (Djelouagj 

and Drancourt 2006) and stored at -80°C before being processed for molecular analyses in MEPHI, Marseille, 

France. Colonies which did not stain by Ziehl-Neelsen were not included in this study.  
 

2.4. Procedures 

DNA was extracted from colonies by using the EZ1 Advanced XL (Qiagen, Courtaboeuf, France) with EZ1 

DNA Tissue Kit (Qiagen) according to the manufacturer's recommendations. All polymerase chain reaction (PCR) 

experiments incorporated sterile phosphate-buffered saline (PBS) as a negative control and DNA extracted from M. 

tuberculosis H37Rv as a positive control. In the first step, mycobacteria were identified by a standard PCR 

incorporating the rpoBF and rpoBR primer pair to amplify a 764-bp fragment of the rpoB gene (Adékambi et al. 

2003) (Fig. 1). PCR products were purified and sequenced using the BigDye terminator 1.1 Cycle sequencing kit 

(Applied Biosystem, Courtaboeuf, France) and the ABI 3130 XL sequencer (Applied Biosystem). In a second step, 

the identification of mycobacteria as members of the M. tuberculosis complex was confirmed using quantitative real-

time PCR (RT-PCR) targeting a 144-bp fragment of the internal transcribed spacer (ITS) (Fig. 2), which is present in 

all species of the M. tuberculosis complex (Bruijnesteijn Van Coppenraet et al. 2004). ITS was amplified using the 

ITSF and ITSR primer pair and hybridized with the ITSP probe as previously described (Bruijnesteijn Van 

Coppenraet, et al. 2004). In a third step, the identification at the species level within the M. tuberculosis complex was 

ensured by PCR-sequencing of the Exact Tandem Repeat D (ETRD) by using the ETRDF and ETRDR primer pair 

as previously described (Djelouagj et al. 2008). Finally, all the isolates identified as M. tuberculosis sensu sticto 

were genotyped in the M. tuberculosis Beijing family by detecting a 129-bp sequence in the IS6110 insertion 

sequence, as previously described (Hillemann et al. 2006) and non-Beijing M. tuberculosis strains were further 

genotyped by detecting RD deletion regions RD239 and RD750 to differentiate M. tuberculosis lineages 1(Indo-

Oceanic), lineage 3 (East-African-Indian) and lineage 4 (Euro-American) (Gagneux et al. 2006) (Fig. 3). 

https://doi.org/10.47278/journal.abr/2024.024
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Fig. 1: PCR rpoB 

amplification (749bp). 

MW: Molecular weight 

(PGEM). NC: Negative 

control. Lane 1 to lane 

48: Clinical samples. 

 

 

Fig. 2: Identification 

of M. tuberculosis ITS 

RT-PCR. 

 

 

Fig. 3: Identification 

of Mycobacterium 

tuberculosis Beijing by 

RT-PCR. Redline: M. 

tuberculosis Beijing 

 

 

2.5. Statistical Analysis 

Statistical analysis was carried out using R tool to determine the linear regression and correlation between 
infection and increase in number of Tuberculosis Beijing (Fig. 4). 

https://doi.org/10.47278/journal.abr/2024.024
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3. RESULTS 
A total of 302 cultures originating from respiratory tract specimens included 68 cultures made in 2008, 66 in 

2009, 28 in 2010, 21 in 2014, 36 in 2015, 30 in 2016, and 47 in 2017. In addition, two pleural fluid specimens, one 

gastric juice specimen, and one bronchoalveolar wash were collected in 2015, and two gastric juice specimens were 

collected in 2017. In all PCR-based experiments, positive controls were positive, and negative controls remained 

negative. Sequencing a 764-bp rpoB fragment in 202 specimens yielded nontuberculous mycobacteria in four 

sputum specimens. Further, the RT-PCR ITS was positive in 295 specimens with average Ct value of 25.33 [range, 

19.41-31.42] and remained negative in seven specimens (Table 1). In a further step, ERT-D sequencing yielded 294 

M. tuberculosis sensu stricto isolates and four identified as Mycobacterium bovis BCG. At last, among 298 isolates 

identified as M. tuberculosis complex (positive for RT-PCR ITS and/or rpoB sequencing), 38 (12.6%) were 

genotyped as M. tuberculosis Beijing while the all the 168 non-Beijing M. tuberculosis isolates were identified as 

M. tuberculosis lineage 4 (Euro-American) (Table 1). Noteworthy, the prevalence of the Beijing genotype varied 

from 9.52% in 2014, 10.71% in 2010, 11.11% in 2015, 14.7% in 2008, 22.44% in 2017, and 23.33% in 2016. 

Statistical analyses indicated a linear correlation between the incidence of tuberculosis and the prevalence of the 

Beijing family isolates with a coefficient of linear regression R of 0.08 with a 95% confidence interval (-1.77, 1.94) 

and a nonsignificant p-value (P=0.91); meaning that an increase in the incidence of 10/105 inhabitants corresponds 

to an increase in prevalence of 0.8% (Fig. 4). 

 
Table 1: Summary of PCR and PCR-sequencing results 

Year Real-time PCR ITS rpoB sequencing results Positive RT-PCR Beijing 

(%) Sample # Positive Negative Average Ct Positive Negative 

2008 68 66 2 31.02 59 9 10 (14.7) 

2009 66 63 3 24.18 33 33 0 (0) 

2010 28 27 1 30.61 12 16 3 (10.71) 

2014 21 21 0 25.28 6 15 2 (9.52) 

2015 40 39 1 24.71 33 7 5 (11.11) 

2016 30 30 0 19.42 17 13 7 (23.33) 

2017 49 49 0 22.09 42 7 11 (22.44) 

Total 302 295 7 25.33 202 100 38 (12.58) 

 

 

Fig. 4: Correlation between 

M. tuberculosis Beijing 

incidence and increases of 

infection. 

 

 

4. DISCUSSION 
Pulmonary tuberculosis remains a healthcare problem in Tunisia, where the epidemiological situation is 

globally contrasted with decreasing mortality but an increasing incidence of 24/105 inhabitants per year in 2002 to 

38/105 inhabitants per year in 2016 (Ahmed et al. 2017; World Bank Group Data 2018). In order to gain an 

understanding of this situation in Tunisia, previous studies investigating the identification and resistance of isolates 

have been conducted at the regional scale, including eight studies conducted in North Tunisia (Chevrel-Dellagi et 

al. 1993; Hermans et al. 1995; Karboul et al. 2008; Namouchi et al. 2008; Soudani et al. 2010; Refai et al 2015; 

Meftahi et al. 2016; Dekhil et al. 2016), two studies in the South (Smaoui et al. 2015; Siala et al. 2017) and only 

two in Central Tunisia (Kahla et al. 2011; Ben Kahla et al. 2011). Therefore, we performed a retrospective study in 

https://doi.org/10.47278/journal.abr/2024.024
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the Center Tunisia region.  

Here, all the 302 cultures established from patients suspected of having pulmonary tuberculosis in Central 

Tunisia were subjected to a polyphasic molecular approach of identification. The data reported here were 

authenticated by incorporating both negative and positive controls in every PCR-based experiment, and the fact that 

the identification of mycobacteria within the M. tuberculosis complex was made by two different methods, which 

yielded identical results. As for isolates identified in the M. tuberculosis complex, we found the ETRD system to be 

efficient in identification at the species level, as previously reported (Djelouadji et al. 2008; Coitinho et al. 2012). 

This approach yielded M. tuberculosis sensu stricto in most isolates, whereas four isolates were identified as M. 

bovis BCG. Three isolates were made in 2017 from three immunocompromised children who developed BCGitis 

following BCG vaccination at birth, and the interpretation of a fourth isolate made in 2008 was not possible due to a 

lack of clinical information.  

While majority of M. tuberculosis isolates were genotyped as lineage 4, the prevalent lineage currently reported 

in Tunisia (Stucki et al. 2016), we also identified a stepwise increase in the prevalence of the Beijing family of M. 

tuberculosis, which correlates with the increasing incidence of pulmonary tuberculosis in Tunisia. The origin of this 

phenomenon warrants further study. 

 

5. CONCLUSION AND PERSPECTIVES 
The herein report of four non-tuberculous mycobacteria from the respiratory tract specimens collected from 

Tunisian patients suspected of pulmonary tuberculosis underscores the necessity of accurate identification of 

mycobacterial isolates to help in the medical management of such patients appropriately. Moreover, data herein 

reported suggest that the unique epidemiology of pulmonary tuberculosis in central Tunisia and Tunisia at large is 

driven by the emergence of the Beijing family of M. tuberculosis in the country. 
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