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Background: Early tuberculosis (TB) diagnostic is one of the critical steps to TB control. GeneXpert 
MTB/RIF has been widely proven for a prompt TB diagnosis. The use of GeneXpert MTB/RIF assay with 
transbronchial lung cryobiopsy samples may increase diagnostic accuracy. We aim to assess the diagnostic of 
TB with GeneXpert MTB/RIF assay with transbronchial lung cryobiopsy. 
Methods: Patients with suspected diagnosis of TB and negative smear microscopies, with TB culture and 
GeneXpert MTB/RIF assay with transbronchial lung cryobiopsy were included in this cross-sectional study. 
Participants were enrolled from 2016 to 2018 at National Institute of Respiratory Diseases, Mexico.
Results: We included 54 patients (77.8% males) aged 30 to 65 years. The sensitivity of the GeneXpert 
MTB/RIF assay with transbronchial lung cryobiopsy was 81.3% (95% CI, 62.1–100%), with a specificity of 
100% (95% CI, 100–100%) and a negative predictive value of 92.7% (95% CI, 84.7–100%). Twenty-two 
patients of the total population have HIV, the sensitivity of the test in these patients was 87.5% (95% CI, 
64.6–100%). Also, 28 patients with a peripheral localized lesion which had a solid pattern were identified 
(51.9%). The sensitivity in patients with peripheral localized lesions was 88.9% (68.4–100%).
Conclusions: The GeneXpert MTB/RIF assay with transbronchial lung cryobiopsy test is as efficient 
as broncho alveolar lavage for TB diagnosis. Transbronchial lung cryobiopsy increases a major diagnostic 
opportunity when the nature of illness is malignant. Transbronchial lung cryobiopsy is efficient in HIV 
patients, especially in patients with peripheral localized lesion. 
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Introduction

Tuberculosis (TB) continues to be one of the most 
contagious diseases with one of the highest mortality rates. 
TB is caused by the Mycobacterium tuberculosis (MTB) 
bacteria. Early TB diagnostic is one of the critical steps 
to TB control and the sputum smears microscopy for acid 
fast bacilli alcohol resistance continues to be an important 

starting step for the diagnosis. However, its sensitivity could 
vary from 20% to 80% based on the mycobacteria load, 
as well as the trained employees who perform the test and 
the fact that the microscopy does not distinguish between a 
MTB and other mycobacteria species. 

The culture of mycobacteria is the conventionally gold 
standard for the diagnosis; its sensitivity and specificity is of 
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80% and 99% respectively, however, the results could take 
weeks to be confirmed (1-6). 

GeneXpert® MTB/RIF (Cepheid, Sunnyvale, CA, EE. 
UU.) is a total authorized Nucleic Acid Amplification Test 
(NNAT), which has been widely proven in multiple studies 
and has been approved by the WHO since 2010, for a 
prompt TB diagnosis on sputum and other non-respiratory 
samples. This allows the diagnosis to be performed within 
a few hours. It even detects low genomics MTB copies in 
different samples and could identify mutations related with 
rifampin, as well (7-13). 

Confirming the diagnosis poses a clinical challenge for 
patients who are suspected to have clinical TB but cannot 
sputum; among those patients are those infected with 
HIV. These patients normally have negative microscopies. 
There are few studies regarding the use of GeneXpert® in 
Broncho Alveolar Lavage samples (BAL) (14-18) and even 
less studies with Lung Biopsy or Mediastinal Nodes samples 
(19-22), this is due to the fact that the procedure requires 
expert staff to perform the analysis. The test is performed 
in specialized or reference centers. Even when the latest 
has proven to increase the diagnostic performance. There is 
evidence over GeneXpert® studies on different respiratory 
samples of patients infected with HIV, as well, where the 
performance has been proven (19,22,23). 

The purpose of the instant study is to evaluate the 
GeneXpert® MTB/RIF test in transbronchial lung 
cryobiopsy (TLCB). 

Methods

This is a diagnostic test. An observational, retrospective, 
analytical study that includes data collected between 
June 2016 and August 2018 from the Interventional 
Pulmonology Unit. Patients were considered eligible if they 
were over 18 years of age with suspected pulmonary TB 
diagnosis and negative smear microscopies. Bronchoscopy 
with TLCB samples was performed on those patients, and 
samples were sent simultaneously for analysis of both TB 
bacterial culture and at GeneXpert® MTB/RIF. The study 
was approved (C13-19) by the ethics committee of the 
National Institute of Respiratory Diseases, Ismael Cosío 
Villegas (INER).

To identify the type of lesion, helical chest computed 
tomography (Chest CT) was performed. The lung 
tomographic patterns were differentiated by peripheral 
localized lesion and diffuse parenchymal lung lesion. A 

diffuse parenchymal lung lesion is analyzed by TLCB. It 
is performed using a technique known as bronchoscopy 
cryobiopsy sampling taken from the most affected 
area (24,25). The TLCB was performed under radial 
endobronchial ultrasound (R-EBUS) at the peripheral 
localized lesion. Each and all of the procedures were 
executed with a STORZ Num, 12- or 14-mm rigid 
bronchoscope guided by Fluoroscopy. Moreover, the rest of 
the procedures were performed or supervised by an expert 
interventional pulmonologist.

Samples were sent to be cultured in liquid (BACTEC 
MGIT 960) and solid (Löwenstein–Jensen) media, the 
species were identified using the line probe assay (HAIN) 
test. For drug susceptibility testing in MTB, The BACTEC 
MGIT 960 SIRE kit was used. Samples were also sent for 
GeneXpert® MTB/RIF testing.

The culture was considered as the gold standard to 
obtain the real prevalence TB rates, as well as to assess the 
GeneXpert® MTB/RIF; the TB calculated prevalence was 
obtained by identification through GeneXpert® MTB/RIF 
cases on TLCB or the BAL.

The GeneXpert® MTB/RIF results were reviewed by 
TLCB and BAL samples and compared with culture results 
of each corresponding sample; giving as a result an accurate 
diagnosis and performance.

Statistical analysis

A descriptive statistic was used for the study population 
characteristics. Categorical variables were reported 
as absolute and relative frequencies (percentages) and 
continuous variables were reported as mean (± SD) or 
median (interpercentile ranges) according to distribution. 
The sensitivity, specificity, and the negative and positive 
predictive values, with a 95% confidence interval were 
reviewed. To identify the differences among patients, with 
or without a TB diagnosis, the t-Student or Mann-Whitney 
tests were used for the independent samples, based on the 
data distribution. The results were stratified on patients 
with HIV or without it. Based on the tomographic image 
(diffuse or localized lesion), the results were compared 
throughout the χ2 or Fisher’s exact test; the Kappa index was 
calculated as well, in order to know the GeneXpert® MTB/
RIF consistency in TLCB and BAL at the abovementioned 
strata. Statistical significance was established for the P<0.05 
values. The Statistical analysis was carried out with IBM 
SPSS V.23 software. To evaluate the GeneXpert® MTB/RIF 
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test the Win Epi calculator was utilized.

Results

Baseline characteristics 

Study population: 54 patients that met the selection criteria 
were selected, from which 39 patients had also given 
samples in BAL even when only 28 of those patients had 
TB cultivated samples and GeneXpert® MTB/RIF and in 
BAL (Figure 1).

From the total population assessed 77.8% (42 were 
male), with a mean (± SD) age of 47.8±17.6 years old. The 
patients average age with TB was 42.6±16.3 years old. The 
most frequent shown symptoms before the performance of 
bronchoscopy were: cough (64.8%), dyspnoea (55.6%) and 
weight loss (35.2%). The cough frequency was statistically 
greater in the TB patients’ group compared with those 
patients that were not diagnosed [21 (55.3%) vs. 14 (87.5%), 
P=0.03]. About 42.2% of patients had a background of 
previous antibiotics use. Being clarithromycin the most 
frequently used. From the total study population 40.7% [22] 
had a HIV infection diagnosis (Table 1).

Localized injuries were shown at 57.4% [31] of patients 
according to Chest CT image characteristics with a solid 
pattern on 51.9%, bronchus sign was shown at 87.1% of 
those localized injuries. The median diameter of the lesions 
was 35.8 (27–49.9) mm; the diameter was bigger in the 
TB patients’ group (44.6±15). The diffuse parenchymal 
lung lesions frequency was 42.6% [23] and the main lesion 
pattern was consolidated in 18.5% of patients (Table 1).

The Bronchoscopy diagnostic performance in the study 
population was 90.7%, in BAL 51.3% and 87% in TLCB. 

Among the diagnosis obtained by BAL and TLCB, 
51.9% had benign infectious disease origins, 24.1% were 
benign, non-infectious, while 14.8% were from malignant 
origins (Table 2).

Results of Xpert on TLCB 

From all the 54 patients, 29.6% (Gold Standard) TB 
real prevalence was obtained by TLCB, while 24.1% 
of TB calculated prevalence was obtained by TLCB 
(GeneXpert®MTB/RIF). In the group of patients, with and 
without HIV infection, the real TB prevalence was 36.4% 
and 25.0%, respectively. It was shown that in patients with 
and without HIV infection, the real TB prevalence showing 

localized lesions was 40.0% and 26.9% respectively (Figure 1).
At the GeneXpert® MTB/RIF test in TLCB were 

identified 13 patients out of 16 were identified with TB 
by culture. The sensitivity test was 81.3% (95% CI, 62.1–
100%), the specificity 100% (95% CI, 100–100%) and a 
predictive negative value of 92.7% (95% CI, 84.7–100%). 
The sensitivity in HIV patients was 87.5% (95% CI, 64.6–
100%) and the specificity 100% (95% CI, 100–100%). 

Based on the kind of lesion, it shows that the test 
sensitivity in patients with localized injuries was 88.9% (95% 
CI, 68.4–100%), the specificity 100% (95% CI, 100–100%) 
and the negative predictive value 95.7% (95% CI, 87.3 to 
100%). At diffuse parenchymal lung lesion the sensitivity 
and specificity values were 71.4% (95% CI, 38–100%) and 
100% (95% CI, 100–100%), respectively (Table 3).

Results of Xpert BAL 

The TB real prevalence in BAL as well as in TLCB was 
39.3%, while the calculated prevalence in BAL and TLCB 
was 28.6% and 32.1%, respectively. Within the HIV 
population the real prevalence of TB was 43.8%, whereas 
the calculated prevalence of TB in BAL and TLCB was 
31.3% and 37.5%, respectively. With respect to patients 
with diffuse parenchymal lung lesion by Chest CT, the 
TB prevalence by BAL and TLCB was 21.4% and 28.6%, 
respectively (Figure 1).

Comparison of the Xpert between BAL and TLCB

The sensitivity and specificity of GeneXpert® MTB/RIF 
at BAL was 72.7% (95% CI, 46.4 to 99) and 100% (95% 
CI, 100–100%), respectively, and the Kappa index between 
the BAL and the TLCBs was 0.92 (P<0.001). In HIV 
patients, the sensitivity and specificity was 71.4% (95% CI, 
38–100%) and 100% (95% CI, 100–100%), respectively, 
and the Kappa Index between the BAL and the TLCBs was 
0.86 (P=0.001). On the other hand, in patients without HIV 
with peripheral localized lesions, The Kappa index obtained 
among BAL and TLCB of 1.0, at (P<0.001 and P=0.005, 
respectively). While in patients with diffuse parenchymal 
lung lesion showed a sensitivity and specificity in BAL of 
60% (95% CI, 17.1–100%) and 100% (95% CI, 100–100%) 
respectively; and, the sensitivity and specificity in TLCB 
was 80% (95% CI, 44.9–100%) and 100% (95% CI, 100–
100%), respectively (Table 4).
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Figure 1 Flow diagram.

Table 1 General characteristics of patients

Variable All patients, n=54 Patients without TB, n=38 Patients with TB, n=16 P

Age, yr, mean ± SD 47.8 ±17.6 50±17.9 42.6±16.3 0.15

Male, % [n] 77.8 [42] 84.2 [32] 62.5 [10] 0.15

Smoking, % [n] 50.0 [27] 52.6 [20] 43.8 [7] 0.77

Tobacco index (cigars/year) 7.6 (1.85–14.25) 8 (2.5–14.75) 3.4 (0.6–20.8)

Smoke wood exposure, % [n] 5.6 [3] 5.3 [2] 6.3 [1] 0.63

Symptoms, % [n]

Dyspnea 55.6 [30] 57.9 [22] 50 [8] 0.77

Cough 64.8 [35] 55.3 [21] 87.5 [14] 0.03

Weight loss 35.2 [19] 34.2 [13] 37.5 [6] 0.82

Fever 22.2 [12] 15.8 [6] 37.5 [6] 0.15

Hemoptysis 7.4 [4] 10.5 [4] 0 0.31

Table 1 (continued)

TLCB
n=54

BAL
n=39

n=11n=28

BAL + TLCB
Both with GeneXpert® 

MTB/RIF + TB
Culture

TLCB
n=28

PR: 39.3%(11)
PC: 32.1%(9)

TBLC
GeneXpert® MTB/RIF + 

TB Culture
n=54 

RP=29.6%(16) 
CP=24.1%(13)

BAL
n=28

PR: 39.3%(11)
PC: 28.6%(8)

VIH +
n=28

VIH +
n=28

Type of
Images
n=28

Type of
Images
n=28

Type of
Images
n=54

PLL
nv=31 

RP=29.0%(9) 
CP=25.8%(8)

DPL
n=23 

RP=30.4%(7) 
CP=21.7%(5)

Type of
Images

PLL
n=5

RP: 40% (2)
CP: 40% (2)

DPL
n=17

RP: 35.3% (6)
CP: 29.4% (5)

PLL
n=26

RP: 26.9% (7)
CP: 23.1% (6)

DPL
n=6 

No positive 
diagnosis

Type of sample TLCB: Transbronchial Lung 

Cryobiopsy BAL: Bronchoalveolar lavage

Type of Image DPL: Diffuse parenchymal lung lesion 

PLL: Pheripheral localized lung lesion

Type of tuberculosis prevalence CP: Calculated 

prevalence (with GeneXpert® MTB/RIF) RP: Real 

prevalence (MTB Culture like gold standard)

Type of
Images

n=22 
RP=36.4%(8) 
CP=31.8%(7)

n=32 
RP=25.0%(8) 
CP=18.8%(6)

n=16
RP: 43.8% (7)
CP: 31.3% (5)

n=12
RP: 33.3% (4)
CP: 25.0% (3)

PLL
n=14

RP: 42.9 (6)
CP: 35.7% (5)

DPL
n=14

RP: 35.7 (5)
CP: 21.4% (3)

n=16
RP: 43.8% (7)
CP: 37.5% (6)

n=12
RP: 33.3% (4)
CP: 25.0% (3)

PLL
n=14

RP: 42.9 (6)
CP: 35.7% (5)

DPL
n=14

RP: 35.7 (5)
CP: 28.6% (4)

VIH +
n=54

Patients with 
suspected 

diagnosis of 
tuberculosis 

n=54

Yes Yes YesNo No No

Yes No
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Table 1 (continued)

Variable All patients, n=54 Patients without TB, n=38 Patients with TB, n=16 P

Antibiotic, % [n] 46.3 [25] 44.7 [17] 50.0 [8] 0.49

Clarithromycin 24.0 [6] 13.2 [5] 6.3 [1]

Antituberculosis treatment 8.0 [2] 0 12.5 [2]

Characteristics of the lesion identified by tomographic image

Pheripheral localized lesion, % [n] 57.4 [31] 57.9 [22] 56.3 [9] 0.91

Type of pattern, % [n] 0.35

Solid 51.9 [28] 52.6 [20] 50.0 [8]

Mix 3.7 [2] 0 12.5 [2]

Subsolid 1.9 [1] 2.6 [1] 0

Bronchus sign, % [n] 50.0 [27] 47.4 [18] 56.3 [9] 0.45

Diameter (mm) 35.8 (27–49.9) 35.2 (25.3–38.3) 44.6±15 0.18

Diffuse parenchymal lung lesion, % [n] 42.6 [23] 42.1 [16] 43.8 [7] 0.91

Type of pattern, % [n]

Consolidation 18.5 [10] 23.7 [9] 6.3 [1] 0.28

Micronodules 13.0 [7] 10.5 [4] 18.8 [3]

Ground glass 7.4 [4] 5.3 [2] 12.5 [2]

Cavitated disease 3.7 [2] 2.6 [1] 6.3 [1]

Patients with HIV infection, % [n] 40.7 [22] 36.8 [14] 50.0 [8] 0.55

Lymphocytes (cells/µL) 650 (325–1,450) 700 (300–1,525) 450 (325–1,325) 0.11

CD4 cell count (cells/µL) 106 (29–210) 68 (22.3–197.5) 201 (36–264) 0.2

CD4 cell count % [n]

>500 [State 1] 0 0 0

200–499 [State 2] 36.8 [7] 21.4 [3] 50 [4] 0.33

<200 [State 3] 63.2 [12] 64.3 [9] 37.5 [3]

Viral load

Indetectable, % [n] 13.63 [3] 21.4 [3] 0 –

Detectable (copies/mL) 247,289.50 (590.25–345,000) 252,620 (638.5–845,836.5) 241,959 (40–255,338) 0.45

Data is presented as % [n] or mean (± SD) or median (P25–P75). *, anti-TB: isoniazide, rifampicin, pyrazinamide, ethambutol.

Five complications during the procedures were 
encountered, mainly moderate bleeding. Bleeding was 
controlled by adrenaline administration (Table 5). 

Discussion

The Bronchoscopy diagnostic performance in our study 
population was of 90.7%, while the performance in BAL 

and TLCB was 51.3% and 87%, respectively; which is 
similar with Sánchez-Cabral et al. published paper (19). The 
latter obtained a Bronchoscopy diagnostic performance of 
92.2%, whereas the performance in BAL and TLCB was 
39.8% and 75.7%, respectively. However, our population 
sample consisted of patients with a high clinical suspicion of 
TB, while at Sánchez-Cabral et al. (19) population sample, 
patients had a treatment of non-interstitial pulmonary 
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Table 2 Final diagnosis

Diagnostic groups Disease
BAL (n=39) TLCB (n=54) Total

n % n % n %

Benign Infectious Mycobacterium tuberculosis 12/12 100 16/16 100 16 51.9

Pneumocystis jirovecii 3/5 60 5/5 100 5

Streptococcus pneumoniae 1/1 100 1/1 100 1

Aspergillus flavus 1/1 100 0/1 – 1

Staphylococcus aureus 0/1 – 1/1 100 1

Klebsiella pneumoniae 0/1 – 1/1 100 1

Mycobacterium avium complex 1/1 100 1/1 100 1

Moraxella catarrhalis 1/1 100 1/1 100 1

Paracoccidioides brasilensis 1/1 100 0/1 – 1

Benign, non-infectious Pneumonia 0/6 – 6/6 100 6 24.1

Anthracosis 0/2 – 3/3 100 3

Granulomatous disease 0/1 – 2/2 100 2

Interstitial lung disease 0/1 – 1/1 100 1

Calcified nodules 0/1 – 1/1 100 1

Malignant Adenocarcinoma 0/1 – 6/6 100 6 14.8

Melanoma – – 1/1 100 1

Poorly differentiated carcinoma – – 1/1 100 1

No diagnostics* 0/3 – 0/5 – 5 9.3

Diagnostic yield 20/39 51.3 47/54 87.0 49/54 90.7

*, three patients had diagnosis by surgical biopsy, biopsy guided by ultrasound and cervical biopsy, respectively (carcinoma, metastasic 
adenocarcinoma and linfoma Hodking). BAL, bronchoalveolar lavage; TLCB, transbronchial lung cryobiopsy. 

disease.
The majority of images in this population sample showed 

localized lesions which corresponded to the early stages of 
the disease. This is consistent since none of samples from 
TB diagnosed patients, showed, either by culture or by 
GeneXpert® MTB/RIF, any resistance to rifampicin. Those 
patents were new TB cases, which clinical file, did not allow 
sputum samples. They were patients without previous or 
recent treatment, being a protection factor for rifampicin 
resistance (1). While some of the diffuse parenchymal lung 
lesions were due mainly to a consolidation, that in addition 
to the localized injuries, were diagnosed as pneumonia with 
an identified etiologic agent or due to its histology in 33% 
of our population.

The TLCB results in HIV patients, with localized 
lesions, had a greater TB prevalence than those without 

HIV. Localized injuries had a major TB prevalence among 
patients without HIV. There was a higher TB prevalence 
among HIV patients with diffuse parenchymal lung lesion 
than in patients without HIV with the same tomographic 
pattern.

With respect to diagnosis obtained by BAL and TLCB 
within our population, 76.0% were benign in origin, 
among those, 68% had infectious origin. It is important to 
point out that the population had a high suspicion of TB. 
Regarding the diagnosis of benign noninfectious origin 
and those with malignant origin, all of those diagnosis 
were possible to reach by TLCB and none of them were 
reached by BAL. This is important due to the well-known 
discrepancies in diagnostics among those two different type 
of samples obtained by bronchoscopy, as it is described by 
Sánchez-Cabral et al. (20) A high percentage of our patients 
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Table 3 GeneXpert MTB/RIF assay in TLCB

Sample N
Diagnostic 
yield, %

Sensitivity, % 
(95% CI)

Specificity, % 
(95% CI)

Positive 
predictive value, 

% (95% CI)

Negative 
predictive value, 

% (95% CI)

Diagnostic 
accuracy

P

TLCB, global 22 24.1 81.3 (62.1 to 100) 100 (100 to 100) 100 (100 to 100) 92.7 (84.7 to 100) 81.3 (62.1 to 100) <0.001

Patients with HIV and no HIV infection

In no HIV patients 6/32 18.8 75 (45 to 100) 100 (100 to 100) 100 (100 to 100) 92.3 (82.1 to 100) 75 (45 to 100) <0.001

In HIV patients 7/22 31.8 87.5 (64.6 to 100) 100 (100 to 100) 100 (100 to 100) 93.3 (80.7 to 100) 87.5 (64.6 to 100) <0.001

With peripheral localized lesion

TLCB 8/31 25.8 88.9 (68.4 to 100) 100 (100 to 100) 100 (100 to 100) 95.7 (87.3 to 100) 88.9 (68.4 to 100) <0.001

In HIV patients 2/5 40.0 100 (100 to 100) 100 (100 to 100) 100 (100 to 100) 100 (100 to 100) 100 (100 to 100) 0.1

In no HIV patients 6/26 23.1 85.7 (59.8 to 100) 100 (100 to 100) 100 (100 to 100) 95 (85.4 to 100) 85.7 (59.8 to 100) <0.001

With diffuse parenchymal lung lesion

TLCB 5/23 21.7 71.4 (38 to 100) 100 (100 to 100) 100 (100 to 100) 88.9 (74.4 to 100) 71.4 (38 to 100) 0.001

In HIV patients 5/17 29.4 83.3 (53.5 to 100) 100 (100 to 100) 100 (100 to 100) 91.7 (76 to 100) 83.3 (53.5 to 100) 0.001

TLCB, transbronchial lung cryobiopsy. 

had localized lesions, with some a bronchus sign and a 
lesion with a diameter >2 cm, which together contributed to 
a better diagnostic performance in TLCB cases (26-29).

The INER is a national reference hospital for respiratory 
disease. Among those respiratory diseases TB is the most 
important. Our TB real prevalence on TLCB was of 29.6% 
(Gold standard), while the TB calculated prevalence at 
TLCB (GeneXpert® MTB/RIF) was 24.1%, similar to 
the TB prevalence published by Lu et al. (18) of 32.9%, 
however, Their study population was diagnosed not only 
by its microbiology, but different aspects were considered 
such as histology, clinical, images, and treatment response. 
If not, the microbiology would have reported a prevalence 
of 22.5%. similar to the TB prevalence reported by 
Rakotoarivelo et al. (30) who obtained a global prevalence 
of 32.8%, 31.7% with culture and 31.8% with GeneXpert 
31.8%. However, Madagascar it considered as a high 
TB prevalent country while Mexico is considered as a 
medium TB prevalent country. The latter shows a high 
concentration of TB Patients treated by the INER in 
Mexico and not by its prevalence as stated by WHO (1).  
The prevalence reported by Theron et al. was 29%, 
similar to their study performed in South Africa, which is 
considered a region with a high TB prevalence (23). In the 
study carried out by Sánchez-Cabral et al., and performed 
at the INER, the reported TB prevalence was 11.7%. 
However, the population suffered a general pulmonary 

pathology not interstitial (19). While in our study each and 
all the patients had a high TB suspicion. 

The real TB prevalence in the patients’ group, with and 
without HIV, was 36.4% and 25.0%, respectively, The TB/
HIV association was widely addressed (31).

It this study population, no statistically significant 
differences were observed with respect to the prevalence 
in either of the groups. This is probably due to the sample 
size. In addition, the TB real prevalence in localized 
lesions in patients with and without HIV infection was 
40.0% and 26.9%, respectively. This comparison in future 
studies requires a mayor sample scope. Nevertheless, in 
our study population, a pulmonary localized lesion in one 
of our patients with TB would allow us to increase the TB 
suspicions and to perform a guided MTB search in the 
lesion.

Our Study is different from others. In the other studies 
different respiratory samples were analyzed addressing the 
GeneXpert® MTB/RIF test at TLCB. However, due to 
the fact that within our population there was a subgroup 
with samples showed by BAL as well as by TLCB; the 
samples were analyzed simultaneously by culture and by 
GeneXpert® MTB/RIF sample. This analysis revealed the 
same TB real prevalence through BAL than by TLCB, 
but a higher calculated prevalence by TLCB than by BAL 
(non-significant P value); none of our patients with positive 
GeneXpert had a negative culture, unlike other authors that 
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had a negative result in culture and positive in GeneXpert 
(1,18,30). In the same vein, it was observed that within the 
HIV population the real TB prevalence was the same by 
BAL than by TLCB, while the TB calculated prevalence 
was greater in TLCB than in BAL (non-significant P value). 
Finally, patients with a diffuse parenchymal lung lesion in 
Chest CT, the calculated TB prevalence through TLCB 
was greater than in BAL (non-significant P value). Each 
and all of these differences were not statistically significant, 
probably due to the sample size.

With respect to the GeneXpert® MTB/RIF sensitivity 
and specificity by BAL was 72.7% (95% CI, 46.4–99%) 
and 100% (95% CI, 100–100%), respectively. Inferior to 
the sensibilities of GeneXpert® MTB/RIF at BAL reported 
by Lu et al, which were 84.5% (95% CI, 72.1–92.2%) (18) 
and those reported by To KW. et al. 90.0% (95% CI, 69.9–
97.2%) (16).

Even though there is no existent precedent regarding 
the sensitivity and specificity of the GeneXpert® MTB/RIF 
at the biopsy’s nor in TLCB. Sensitivity and a specificity 
was observed through TLCB’s was 81.3% and 100%, 
respectively, greater than those shown via BAL. On the 
other hand, in HIV patients the specificity and sensitivity 
was 87.5% and 100%, respectively. According to other type 
of lesions, patients with peripheral localized lesions showed 
a sensitivity, specificity and a negative predictive value of 
88.9%, 100% and 95.7% respectively. The sensitivity and 
specificity of the GeneXpert® MTB/RIF in TLCB, HIV 
patients and in patients with peripheral localized lesions 
are greater than those reported by different authors even 
in expectoration samples (12,16,23,30). In our study we 
encountered 9.3% complications, none of them showed 
pneumothorax, which is less than those reported by Ravaglia 
et al. (32). They reported 19.2% and 0.7% serious bleeding, 
compared to our population which showed moderate 
bleeding (7.4%), and none of them showed serious 

bleeding. The procedures’ safety in pulmonary cryobiopsies 
has been studied mainly in interstitial pulmonary diseases, 
even so, for in a pneumothorax case, it has been inferior to 
what has been reported and the bleeding is within the rates 
obtained in other series [4.9% (2.2–10.7%)] (19,33-35). It is 
important to point out that our proceedings were all guided 
by fluoroscopy and performed or supervised by highly 
trained staff.

Conclusions

Patients with a suspected TB diagnosis, with negative 
sputum smears, were subject to bronchoscopy, The 
GeneXpert test in TLCB is as efficient as in BAL. However, 
TLCB adds a major diagnostic opportunity when the nature 
of the illness is benign as well as malignant. Furthermore, 
through TLCB the totality of benign and malignant non 
infections diagnosis were obtained, while through BAL 
none of the diagnosis were obtained. Finally, TLCB has 
been proven to be safer when used by expert staff, and with 
a low complication percentage.
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