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Abstract
BACKGROUND: Pulmonary tuberculosis is an active chronic infection of the lungs. It is still a public health problem 
globally caused by the Mycobacterium tuberculosis Complex (MTBC). These species are difficult to determine only 
by conventional tests. The clinical manifestations are almost similar between the strains and cause diagnosis delays. 
Prolonged and intolerable MTBC therapy inhibits infection control.

AIM: This study aims to evaluate the usefulness of bronchoscopy in diagnosing the MTBC species infection.

METHODS: This study recruited patients with difficulty expectorating sputum. Pulmonary tuberculosis was diagnosed 
with the Xpert MTB/RIF assay. This study assessed sputum Acid Fast Bacilli (AFB) staining, chest X-rays with active 
pulmonary tuberculosis, characteristics of Bronchoalveolar lavage (BAL), and bronchoscopic findings based on the 
Chung classification. The BAL of polymerase chain reaction analysis using RD9 and TbD1 primers to determine 
MTBC species.

RESULTS: Out of the 30 cases, M. tuberculosis and Mycobacterium bovis 24 (80.0%) and 6 (20.0%) were identified 
in BAL fluid. There were 12 cases (40.0%) with AFB sputum test, and 25 (83.3%) of the Xpert MTB/RIF detected 
tuberculosis cases. All chest X-rays showed infiltrated and 22 (73.3%) pulmonary ectasis. There was a significant 
difference in MTBC species between sputum and BAL fluid (p < 0.05). The ulcerative type of bronchoscopy findings 
was significantly different in MTBC species (p < 0.05) and there was no macroscopic BAL fluid difference (p > 0.05).

CONCLUSIONS: Bronchoscopy is a specimen collection technique that is beneficial in determining the diagnosis 
of MTBC. Analysis of BAL with molecular methods contributes to identifying MTBC species quickly and accurately.
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Introduction

Mycobacterium tuberculosis (MTB) is one 
of the M. tuberculosis Complex (MTBC) species that 
causes pulmonary tuberculosis in humans, killing over 
one million people each year [1], and the leading cause 
of death from infectious diseases globally in 2019. 
A quarter of the population is infected with 10 million 
tuberculosis (TB) cases and 1.2 million TB deaths each 
year. In addition, extrapulmonary TB infection occurs 
in more than 15% of any tissue in the body, causing 
TB challenging to diagnose and treat [2]. Indonesia 
is the number two country that contributes the most 
global TB incidence [3]. Due to the slow progress of 
TB elimination, it is estimated that the world will not 
be able to contain TB as a public health threat by 
2035. Contributing factors include difficulty finding TB 
in children, all TB patients, TB drug resistance, TB 
prevention, and resources for TB, including research 
and other operational costs globally [3]. Furthermore, 

there is a gap between tuberculosis cases, cure 
rates, and success rates of treatment in Indonesia [4]. 
Therefore, a lot of research is required to improve the 
diagnosis and treatment of pulmonary TB based on 
identifying the MTB [5].

M. tuberculosis and M. bovis are members of the 
MTBC. Many clinical and microbiological studies have 
shown that MTBC species differ in virulence, clinical 
manifestations, and disease severity. MTBC grows 
more slowly and causes less severe tuberculosis. Due 
to its slow growth on culture assays, mycobacterium 
africanum (MAF) has low bacterial virulence, such as 
low ESAT-6 immunogenicity, and was associated with 
disease severity during infection [6]. De Jong et al., in 
2010, showed that lower body mass index and moderate 
lung damage were associated with West African MAF 
Type 2. MAF isolates showed 2.52 times less sputum 
smear-positive than MTB, indicating that the lung 
damage of MTBC is lower than MTB infection [7]. It was 
challenging to determine the differences between these 
two species based on the clinical symptom. However, 
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both mycobacteria showed similar symptoms, such as 
weight loss, anorexia, and fever [8].

MTBC has a higher content of complex 
lipids and long-chain mycolic acids; Therefore, it 
requires several laboratory techniques, such as direct 
staining of specimens, microorganism culture, and 
molecular detection [9]. The World Health Organization 
recommended MTB identification using a liquid culture 
system in various countries. Unfortunately, this method 
takes more than 1 month [10]. The GeneXpert MTB/RIF 
(Xpert) assay is a rapid molecular test for diagnosing 
pulmonary TB and allows the simultaneous detection 
of MTBC [11]. However, the MTBC has multiple copies 
of IS6110 and IS1081 between strains, affecting the 
detection threshold. The variation in copy number 
between strains is highly dependent on the geographic 
location of the host. It suggested that MTBC generally 
could not be detected using the Xpert assay [12].

The achievement of highly qualified biological 
specimens is the key to successful diagnostic and 
therapeutic determination. Although sputum induction is 
frequently performed, it does not guarantee a high-volume 
or high-quality specimen [13]. Several studies reported 
the role of bronchoscopy with the bronchoalveolar lavage 
(BAL) technique in diagnosing pulmonary tuberculosis, 
and the polymerase chain reaction (PCR) method has 
high sensitivity and specificity results compared to other 
conventional methods such as sputum and culture testing 
[14], [15]. Bronchoscopy is frequently performed in 
patients with smear-negative or expectoration of sputum 
is difficult [13]. The Xpert MTB/RIF assay’s effectiveness 
with BAL specimens is similar to sputum-cultured MTB 
[16]. Analysis BAL with molecular method significantly 
improves the accuracy of diagnostic and is more valuable 
than the conventional method [17]. The BAL fluid is a 
specimen that can distinguish the types of MTBC species 
in the lower airway [18], [19]. Therefore, this study aims to 
evaluate the usefulness of bronchoscopy in recognizing 
MTBC species infection.

Methods

Study design and participants

This research was a cross-sectional study 
conducted in June-October 2017. The pulmonary TB 
patient undergoing diagnostic assessment at Dr.  Moh 
Soewandhie hospital, Surabaya, was invited to participate 
and was recruited with informed consent. In general, 
patients with insufficient sputum or difficulty expectorate 
the sputum. The protocol was approved by the Health 
Research Ethics Committee of Dr. Soetomo (No: 388/
PANKE/KKE/V/2017). The inclusion criteria were patients 
with active pulmonary TB who never received treatment 
between 18 and 60 years, and willing to participate in 

bronchoscopy. The exclusion criteria were patients with 
HIV, diabetes mellitus, abnormal kidney function, heart 
disease, systemic lupus erythematosus, rheumatoid 
arthritis, and non-TB pulmonary disease.

Diagnosis of pulmonary tuberculosis

Diagnosis of pulmonary TB based on Xpert 
MTB/RIF testing (Cepheid, Sunnyvale, CA, United 
States, 2016). This study also assessed sputum Acid 
Fast Bacilli (AFB) staining and chest X-rays with active 
pulmonary TB. The chest X-ray characteristics were 
analyzed based on the typical lesions in pulmonary 
TB [20]. Ziehl-Neelsen AFB staining methods and 
interpretation using the recommendations of the 
International Union Against Tuberculosis [21].

Bronchoscopy procedure

Before performing a bronchoscopy, the patient 
had a chest X-ray and lung function tests such as 
spirometry or blood gas analysis and must meet certain 
conditions such as cardiac risk index = 1, PO2 greater 
than 65  mmHg without oxygen supply, shortness of 
breath, hemoglobin more than 10 g/dl, and is classified in 
the Level I of the American Society of Anesthesiologists 
1. The patients were required to receive oral anesthesia 
with 5  ml lidocaine and 10% xylocaine spray on the 
oropharynx, laryngopharynx, and vocal cords, and had 
to fast for 5 h before the procedure to avoid irritation of 
the airways and reduce airway reactivity. Furthermore, 
they were anesthetized, and the trachea and segmental 
bronchi were assessed through a bronchoscope. Suction 
is performed to remove mucus or blood in the airway [22]. 
The area with tuberculous lesions was examined and 
assessed as bronchoscopic findings based on the Chung 
classification [23]. The area was rinsed with 10 ml of 0.9% 
NaCl, then sucked again. This action was repeated several 
times until the BAL fluid is approximately ± 50 mI [24].

Identification of Mycobacterium 
tuberculosis complex species

The BAL fluid was centrifuged at 
3000  rpm for 15–20  min, and the supernatant was 
transferred into another tube. The DNA extraction 
was conducted using DNeasy® blood and tissue 
kits (Ambion, Inc., Austin, TX, USA). To identify 
M. tuberculosis, the Beijing strain was used, and 
the primary target of RD9 (F: 5’-GTGTAGGTCAG 
CCCCATCC-3 ‘, I: 5-CAATGTTTGTTGCGCTGC-3’, 
R: 5’-GCTACCCTCGACCAAGTGTT-3 ‘). While, 
M.  bovis BCG strain was used as the primary target 
of TBD1 (F: 5’-AGTGACTGGCCTGGTCAAAC-3 ‘, 
R: 5’-GAGCTCTGTGCGACGTTATG-3’) [25]. PCR 
reactions were performed in Thermal Cycler PCR 
(BIO-RAD). The PCR assays condition were set up by 
denaturation (94°C, 30 s), annealing (56°C, 1 s), and 
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extension (72°C, 10 min) with 35 cycles. Sequencing 
analysis was performed by the BLAST program to 
determine the homology of the MTBC species.
Table 1: Patients characteristics
Characteristics n (%)
Gender

Female 16 (53.3)
Male 14 (46.7)

Age (years)
18–20 4 (13.3)
21–40 16 (53.3)
41–50 6 (20.0)
> 50 4 (13.3)

AFB sputum
Negative 17 (56.7)
Positive 13 (43.3)

Chest X‑ray lesion
Nodul

Yes 19 (63.3)
No 11 (36.7)

Infiltrate or consolidation
Yes 30 (100)
No

Cavitas
Yes 4 (13.3)
No 26 (86.7)

Ectasis
Yes 22 (73.3)
No 8 (26.7)

Gene Xpert sputum
Positive 22 (73.3)
Negative 8 (26.7)

Species MTBC
M. tuberculosis 24 (80.0)
M. bovis 6 (20.0)

BAL fluid macroscopic
Clear 26 (86.7)
Reddish 2 (6.7)
Yellowish 2 (6.7)

Bronchoscopic findings
Hyperemic

Yes 17 (56.7)
No 13 (43.3)

Ulcerative
Yes 17 (56.7)
No 13 (43.3)

Fibrostenosis
Yes 4 (13.3)
No 26 (86.7)

Edema
Yes 13 (43.3)
No 17 (56.7)

M. tuberculosis: Mycobacterium tuberculosis, MTBC: M. tuberculosis complex, M. bovis: Mycobacterium 
bovis, AFB: Acid fast bacilli, BAL: Bronchoalveolar lavage.

Statistical analysis

A univariate analysis was used to assess 
the potential variables of patients characteristics, and 
Fisher test was used to determine the differences 
between MTBC species. p < 0.05 was considered 
statistically significant. All statistical calculations were 
performed using the Social Sciences 18.0 software 
(IBM Inc., Chicago, IL, USA).

Results

Characteristics patient

Out of the 30 new TB cases that participated, the 
majority of the patients were women (56.7%) (Table 1). 
There were 12 cases (40.0%) with AFB sputum positive, 
and the Xpert MTB/RIF detect 25 (83.3%) MTB cases and 
5 (16.7%) negative MTB cases. Identification of MTBC 
species by BAL fluid of PCR analysis showed 24 (80.0%) 
M. tuberculosis Beijing strain and 6  (20.0%) M. bovis 

BCG strain. All patients with infiltrated and 22  (73.3%) 
pulmonary ectasis based on Chest X-Rays imaging. The 
macroscopic of BAL fluid showed 26  (86.7%) clearly, 
2 (6.7%) cloudy, and 2 (6.7%) redness. The hyperemic 
and edema types were bronchoscopic findings that were 
detected frequently in 17 (56.7%).

Comparison of Mycobacterium 
tuberculosis complex infection

There was no significant difference in MTBC 
species between AFB sputum and BAL fluid. Among 
MTB detected by Xpert MTB/RIF sputum, there were 
significantly 16  (72.7%) M. tuberculosis Beijing strain 
and 6 (27.3%) M. bovis BCG strains based on BAL fluid 
of PCR analysis (p < 0.05) (Table 2).
Table 2: Comparison of Mycobacterium tuberculosis complex 
identification based on specimens
Variable BAL fluid p‑value

M. tuberculosis, n (%) M. bovis, n (%)
AFB sputum

Positive 11 (84.6) 2 (15.4) 0.580
Negative 13 (76.5) 4 (23.5)

Gene Xpert sputum
MTB detected 16 (72.7) 6 (27.3) 0.009
MTB not detected 8 (100) 0

M. tuberculosis: Mycobacterium tuberculosis, MTB: M. tuberculosis, M. bovis: Mycobacterium bovis, BAL: 
Bronchoalveolar lavage, AFB: Acid fast bacilli.

Bronchoscopic findings in Mycobacterium 
tuberculosis complex infection

Bronchoscopic with fibrostenosis type lesion was 
only detected in M. tuberculosis strain Beijing infection. 
Bronchoscopy with ulcerative-type lesions is mainly seen 
in M. tuberculosis strain Beijing infection. There was a 
significant difference between MTBC infection in the 
ulcerative type lesion (p < 0.05) (Table 3 and Figure 1).

Discussion

AFB sputum staining may not always reveal the 
specific causative pathogens. Similarly, sputum culture 
does not always grow bacteria and it takes a long time 
to get a specific agent. However, this can automatically 
slow down the diagnosis of pulmonary TB [15]. 
Table 3: Bronchoscopic findings in Mycobacterium tuberculosis 
complex species infection
Bronchoscopic findings M. tuberculosis complex species p‑value

M. tuberculosis, n (%) M. bovis, n (%)
Hyperemic

Yes 12 (70.60) 5 (29.40) 0.196
No 12 (92.30) 1 (7.70)

Ulcerative
Yes 14 (82.40) 3 (17.60) 0.01
No 10 (76.90) 3 (23.10)

Fibrostenosis
Yes 4 (100.00) 0 0.557
No 20 (76.90) 6 (23.10)

Edema
Yes 11 (84.60) 2 (15.40) 0.672
No 13 (76.50) 4 (23.50)

M. tuberculosis: Mycobacterium tuberculosis, M. bovis: Mycobacterium bovis.
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This study showed that MTBC species were detected 
in all patients with pulmonary tuberculosis based on 
BAL fluid from the PCR analysis (Table 1). In contrast, 
the Xpert MTB/RIF sputum test showed that only 
22 (73.3%) MTB were detected. High-quality specimens 
can be obtained by bronchoscopy technique in patients 
who cannot cough up sputum or patients with negative 
sputum results. Two main bronchoscopy techniques 
achieve high-quality specimens: BAL and bronchial 
washing [15]. Therefore, bronchoscopy using BAL 
fluid of PCR analysis is very useful in determining the 
pathogen that causes the disease specifically and 
accurately. In addition, BAL fluids not only improve 
the ability of bacteriological detection for diagnosis 
but can increase the precision of effective treatment 
through MTBC species identification and drug 
resistance testing [26], [27], [28].

The evaluation of bronchoscopic findings was 
performed based on Chung’s classification and different 
types of bronchoscopy occurred in 30  patients. The 
initial microscopic type was submucosal lymphocytic 
infiltration which was also common in non-specific 
bronchitis [23]. The formation of submucosal tubercles 
is a development of the previous type and will appear 
in bronchoscopy as a granular type and an edematous-
hyperemic type. The ulceration type occurs in erosion 
on the mucosal surface and develops into a small lump 
that leads to hyperplastic activity. It is known as a type 
of fibrostenosis [29]. Furthermore, this study showed 
that hyperemic, edema, ulcerative, and fibrostenosis 
types were mostly presented in M. tuberculosis strain 
Beijing than M. bovis strain BCG infection (Table  3). 
This may be due to differences in virulence between 
MTBC species and M. tuberculosis Beijing strain 
has high virulence such as the ability to induce lung 
parenchymal severe damage with extensive necrotizing 
pneumonia [30],  [31]. An in vitro study showed that 
there are differences in the ability to induce pulmonary 
cell death and to release various cellular components 
as harmful signals in macrophages infected by the 
M tuberculosis Beijing strain [32].

An additional test was required to improve the 
diagnostic value of bronchoscopy, and the intervention 
achieved the diagnostic value of 1.5%–33.8% by 
performing the PCR method or cytological analysis of 
BAL fluid [33]. Furthermore, bronchoscopy also improves 

the diagnostic value (26%–68%) after performing 
additional diagnostic test such as microbiological 
culture and histopathological analysis [34]. Similar to 
others, this study assumes that bronchoscopy with PCR 
analysis is a very useful tool in diagnosing pulmonary 
tuberculosis, malignancy, hemoptysis, and history of 
excessive smoking, especially when taking samples 
for specific diagnosis such as BAL fluids, biopsy, and 
cytology [35].

Conclusion

Bronchoscopy with BAL is a collection of high-
quality specimens and can provide visualization of the 
airways to identify mucosal lesions. In addition, BAL 
analysis with molecular methods contributes to the 
rapid and accurate identification of MTBC species, 
therefore contributing to definitively diagnosing MTBC 
infection. The ulcerative type of bronchoscopic finding 
was observed in the M. tuberculosis Beijing strain 
infection.
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Figure 1. Bronchoscopic lesion findings
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