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Abstract

Objective: To assess the diagnostic value of the XpertV
R
MTB/RIF (GeneXpert) assay for tra-

cheobronchial tuberculosis (TBTB) using bronchial washing fluid (BWF).

Methods: This retrospective study enrolled patients suspected of having TBTB and patients with

non-TB pulmonary disease as controls. BWF were used to undertake acid-fast bacillus (AFB)

smears, the GeneXpert assay and the Lӧwenstein–Jensen (LJ) culture method. The sensitivity,

specificity, positive predictive value (PPV) and negative predictive value (NPV) were compared

among BWF AFB smears, BWF GeneXpert and the BWF LJ culture method.

Results: A total of 130 patients with TBTB and 102 patients with non-TB pulmonary disease

were enrolled in the study. Sputum AFB smears were positive in 62 of 130 patients (47.7%) with

TBTB. Using the clinical diagnosis of TBTB as the gold standard, the sensitivity, specificity, PPV and

NPV of the three methods using BWF were as follows: 93.1%, 99.0%, 99.2% and 91.8% for BWF

GeneXpert; 73.1%, 100.0%, 100.0% and 74.5% for BWF LJ cultures; 53.8%, 99.0%, 98.6% and

62.7% for BWF AFB smears. The diagnostic yield of BWF GeneXpert was significantly higher

compared with BWF cultures for type III and IV TBTB.

Conclusion: The XpertV
R

MTB/RIF assay using BWF exhibited higher sensitivity than

bacteriological diagnostic methods and was particularly useful for the early diagnosis of smear-

negative TBTB.
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Introduction

Tuberculosis (TB) remains a major health
concern though its prevalence has been
reduced dramatically.1 Tracheobronchial
tuberculosis (TBTB) is a special clinical
type of TB, which is caused by infection
of the tracheobronchial tree by
Mycobacterium tuberculosis (MTB).2 The
incidence of TBTB is 6–54% in pulmonary
TB patients3 and 5–10% in TBTB patients
without tuberculous foci on the lungs.2

TBTB is likely to be misdiagnosed as lung
cancer, pneumonia and asthma due to few
specific symptoms and bronchoscopic find-
ings.3–5 The delayed diagnosis of TBTB
could lead to bronchial stenosis and severe
complications.6 Therefore, an early, fast
diagnosis of TBTB and a reasonable anti-
TB treatment are essential to reduce the
incidence and spread of TB.

The sputum MTB test is an important
method for diagnosing pulmonary TB.
Although acid-fast staining is cheap and
fast, its positivity rate in sputum is 0–
53.3% for TBTB.3,7–10 Furthermore, the
results of a negative sputum acid-fast bacil-
lus (AFB) smear do not exclude TBTB.
Molecular biology techniques for MTB
testing that can increase the early diagnosis
rate of TBTB are faster and more sensitive
than conventional bacteriological examina-
tions.11 Bronchoscopy is an important pro-
cedure in the diagnosis of TBTB, in which
specimens are collected from the lesion in
the lower respiratory tract and submitted
for molecular biology detection of MTB.
The XpertVR MTB/RIF (GeneXpert;
Cepheid, Sunnyvale, CA USA) assay is a
fully automated real-time semi-nested poly-
merase chain reaction (PCR) system.12,13

Several studies have evaluated the diagnos-

tic performance of this assay in the diagno-

sis of pulmonary TB with lower respiratory

tract specimens.14,15 However, there are

limited data on the utility of GeneXpert

for bronchial washing fluid (BWF) in the

diagnosis of TBTB.16–18 Therefore, the

GeneXpert assay was performed using

BWF to assess the efficacy of this method

in diagnosing TBTB in a country with a

high incidence of TB.

Patients and methods

Patient enrolment

This retrospective study enrolled consecu-

tive patients suspected of having TBTB at

the National Clinical Centre of TB, Beijing

Chest Hospital, Beijing, China between

March 2016 and May 2017. Patients were

identified by searching the inpatient case

registration system using the following

diagnostic terms: tuberculosis of bronchus,

tuberculosis of trachea, tracheobronchial

tuberculosis and tuberculosis of bronchial

mucosa. TBTB was defined as the presence

of visible lesions at the tracheobronchial

level affected by MTB to the segmental

bronchus, with positive histological evidence

from a bronchial biopsy or a positive AFB

smear in sputum, BWF and bronchial brush-

ing fluid (BBF), according to the Guidelines

on the Diagnosis and Treatment of

Tracheobronchial Tuberculosis (Trial).2

The control group had bronchoscopic

lesions but the final diagnosis was non-TB

pulmonary disease. The BWF examination

was undertaken using the GeneXpert assay,

AFB staining and mycobacteria culture.
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Two researchers (Y.S. & Q.L.) inputted the
data from all of the study participants.

The following criteria were used to clas-
sify patients: (i) TBTB case, the patient had
a positive AFB smear or mycobacteria cul-
ture (of sputum, BWF or BBF; species iden-
tified as non-tuberculous mycobacteria
were excluded) or positive histological evi-
denceþ visible lesions; (ii) clinically diag-
nosed TBTB, the patient presented with
clinical manifestations or a treatment
response typical of TBTB, and had typical
tracheobronchial lesions under the bron-
choscope, but lacked bacteriological or
pathological evidence.2 For the clinically
diagnosed TBTB after anti-TB treatment,
the clinical symptoms were relieved, the
lung image and the pathological changes
were improved under the bronchoscope;
(iii) newly diagnosed TBTB, patients that
had not received anti-TB treatment;
(iv) recurrent patients, those that had been
successfully treated for pulmonary TB more
than 1 year previously. Patients without
positive bacteriological or pathological evi-
dence of TB, or without a response after
anti-TB treatment, but with a response to
antibiotics, and those patients that pre-
sented with other pathological findings,
were diagnosed with non-TB pulmonary
diseases and assigned to the control
group. Demographic characteristics, includ-
ing age and sex, were collected from the
medical records.

This study was approved by the Ethics
Committee of Beijing Chest Hospital (no.
2018[60]). Informed consent was not
required from the participants due to the
retrospective design of this study. All data
and information on the participants were
fully anonymized.

Bronchoscopy procedures and
microbiological examination

Morning sputum samples (3–5 ml) were col-
lected from each patient enrolled in the

present study. Immunofluorescence staining
was performed and the smears were
observed under a fluorescence microscope
(ZEISS Primo Star iLED; Carl Zeiss
Microscopy GmbH, Jena, Germany) as
described previously.19 All patients in this
study were examined by bronchoscopy
(OlympusVR BF-P60 bronchoscope or
OlympusVR BF-XT40 fibreoptic broncho-
scope; Olympus, Tokyo, Japan). After the
bronchoscope reached the lesion, flushing
was performed using 10–20ml of sterile
saline solution. Then, 6–12ml of the BWF
was collected and placed into a sterile con-
tainer. Bronchial brushing of the lesion or
the corresponding pulmonary segment was
performed. The bronchoscope was with-
drawn and AFB smears were prepared.
BWF samples were used to undertake
AFB smears, the GeneXpert assay and the
Lӧwenstein–Jensen (LJ) culture method.
Testing procedures, the preparation of
AFB smears with bronchial brushings and
BWF and interpretation of results were as
described previously.19

For mycobacteria culture, all BWF
specimens were cultured in LJ medium
(Yinke, Zhuhai, China) according to a stan-
dard protocol.20 The tubes were incubated
at 37 �C and monitored for mycobacterial
growth for 8 weeks. A positive result
referred to a positive culture result and the
strain was identified as Mycobacterium
tuberculosis complex. Positive strains were
further submitted for drug susceptibility
testing and species identification using a
microtitre assay (Yinke). The GeneXpert
assay was performed according to the man-
ufacturer’s instructions (Cepheid) as fol-
lows. BWF (1ml) was placed into a sterile
tube with a screw cap and 2ml of process-
ing fluid was added. The tube was oscillated
on a vortex mixer for 10 sec and left at
room temperature for 15min to achieve
complete liquefaction. Then, 2ml of
the liquefied specimen was added to the
GeneXpert cartridge and loaded into the

Song et al. 3



instrument. The result was interpreted
based on the cycle threshold (Ct) value of
the probe. A Ct value �38 for the internal
control reference gene was considered a
positive result.

Clinical classification of TBTB

Based on the Guidelines on the Diagnosis
and Treatment of Tracheobronchial
Tuberculosis (Trial),2 TBTB was divided
into the following subtypes: type I, inflam-
matory infiltration; type II, ulcerative necro-
sis; type III, proliferation of granulation
tissues; type IV, cicatricial stenosis; type V,
wall softening; type VI, lymphatic fistula.

Statistical analyses

All statistical analyses were performed
using the SPSSVR statistical package, version
17.0 (SPSS Inc., Chicago, IL, USA) for
WindowsVR . The diagnostic sensitivity,

specificity, positive predictive value (PPV)
and negative predictive value (NPV) of the

three methods using samples of BWF were
determined. v2-test was used to compare

categorical data. A P-value <0.05 was con-
sidered statistically significant.

Results

A total of 282 patients suspected of having

TBTB were identified based on a search of
the inpatient case registration system

(Figure 1). Of these, 130 TBTB patients
were included in this analysis. Among

these 130 patients, 116 (89.2%) patients
were microbiologically confirmed, nine

(6.9%) patients were histologically con-
firmed, two (1.5%) patients were both

microbiologically and histologically con-
firmed and three (2.3%) patients were clin-

ically diagnosed with TBTB. All 130
patients had chest computed tomography

Figure 1. Flow diagram showing recruitment and analysis of patients with suspected tracheobronchial
tuberculosis (TB).
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and lung imaging changes. Among the 130
patients, 86 had stenosis or thickening of
the bronchus and 57 had local consolida-
tion or atelectasis. A total of 102 patients
with non-TB pulmonary diseases were
included and assigned to the control
group. Of these, one control patient had a
positive AFB smear using BWF and was
found to be infected with non-tuberculous
mycobacteria (NTM).

The demographic and clinical character-
istics were compared between the TBTB
and control groups (Table 1). The propor-
tion of female patients in the TBTB group
was significantly higher than that in the
non-TB control group (odds ratio 8.53;
95% confidence interval 4.58, 15.86;
P< 0.001). There was also a difference in
the age distribution between the TBTB
and control groups.

The diagnostic validity of BWF
GeneXpert, BWF LJ culture and BWF
AFB smears in the TBTB group are
shown in Table 2. The sensitivity of BWF
GeneXpert was significantly higher than
that of the other two methods (P< 0.001

for all comparisons). Sputum AFB smears
were positive in 62 of 130 patients (47.7%)
with TBTB and negative in 68 of 130
patients (52.3%) with TBTB. The diagnos-
tic yields of BWF GeneXpert and BWF LJ
culture in patients with TBTB stratified
according to a positive or negative sputum
AFB smear result are shown in Table 3. The
positive rates of BWF GeneXpert in either
sputum smear-positive or smear-negative
patients were higher than the BWF LJ cul-
ture method. The BWF LJ culture of 95
patients was positive and the rifampin
(RIF) drug susceptibility test was performed.
A total of nine patients were RIF-resistant.
This was consistent with the results of the
BWF GeneXpert rpoB gene detection,
which yielded a sensitivity of 100%.

In addition, in 130 patients with TBTB,
75 patients (57.7%) had positive BBF speci-
mens using the AFB smear method. There
was no significant difference when com-
pared with BWF AFB smear results (70 of
130; 53.8%).

The diagnostic yields of BWF
GeneXpert and BWF LJ culture in patients

Table 1. Demographic and clinical characteristics of patients with tracheobronchial tuberculosis (TBTB)
compared with control patients with non-TB pulmonary diseases.

Characteristics

TBTB group

n¼ 130

Control group

n¼ 102

Odds ratio

(95% confidence

interval)

Statistical

analysisa
Total cohort

n¼ 232

Sex

Male 20 (15.4) 62 (60.8) 1 – 82 (35.3)

Female 110 (84.6) 40 (39.2) 8.53 (4.58, 15.86) P< 0.001 150 (64.7)

Age, years

<25 23 (17.7) 7 (6.9) 4.45 (1.55, 12.74) P¼ 0.004 30 (12.9)

25–44 58 (44.6) 29 (28.4) 2.71 (1.25, 5.84) P¼ 0.01 87 (37.5)

45–64 32 (24.6) 43 (42.2) 1.01 (0.46, 2.19) NS 75 (32.3)

�65 17 (13.1) 23 (22.5) 1 – 40 (17.2)

HIV infected 0 (0.0) 0 (0.0)

Previous anti-TB

treatment TBTB

8 (6.2) –

Newly diagnosed TBTB 122 (93.8) –

Data presented as n of patients (%).
aCategorical data were compared using v2-test.
HIV, human immunodeficiency virus; NS, no significant between-group difference (P� 0.05).
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with TBTB stratified according their bron-
chial TBTB subtype are shown in Table 4.
There was no significant difference in diag-
nostic yield between these two methods for
type I and II TBTB. However, the diagnos-
tic yield of BWF GeneXpert was signifi-
cantly higher than that of BWF LJ culture
for types III and IV TBTB (P¼ 0.004 and
P¼ 0.002, respectively).

Discussion

In this current study, all patients with

TBTB were diagnosed by lung imaging,

sputum bacteriology, clinical symptoms,

serum immunology and differential diagno-

sis to exclude lung tumours, pneumonia and

other diseases, and they were all followed

up after treatment. TBTB is considered an

Table 2. Diagnostic validity of bronchial washing fluid (BWF) XpertV
R
MTB/RIF (GeneXpert), BWF

Lӧwenstein–Jensen (LJ) culture and BWF acid-fact bacilli (AFB) smears in patients with tracheobronchial
tuberculosis (TBTB).

Gold standard Methods

Sensitivity

(95% CI)

Specificity

(95% CI)

PPV

(95% CI)

NPV

(95% CI)

BWF LJ culture BWF GeneXpert 100.0% (95/95) 81.0% (111/137) 78.5% 100.0%

(95.2, 100.0) (73.2, 87.0) (69.9, 85.2) (95.8, 100.0)

BWF AFB smear 70.5% (67/95) 97.8% (134/137) 95.7% 82.7%

(60.2, 79.2) (93.2, 99.4) (87.2, 98.9) (75.8, 88.0)

Clinical diagnosisa BWF GeneXpert 93.1% (121/130) 99.0% (101/102) 99.2% 91.8%

(86.9, 96.6) (93.9, 99.9) (94.9-100) (84.6, 96.0)

BWF AFB smear 53.8% (70/130) 99.0% (101/102) 98.6% 62.7%

(44.9, 62.6) (93.9, 100.0) (91.4, 99.9) (54.7, 70.1)

BWF LJ culture 73.1% (95/130) 100.0% (102/102) 100.0% 74.5%

(64.5, 80.3) (95.5, 100.0) (95.2, 100.0) (66.6, 81.0)

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
aClinical diagnosis includes definite TBTB cases and clinically diagnosed TBTB.

When LJ culture was set as the gold standard: v2-test¼ 32.84, P< 0.001, AFB smear sensitivity versus GeneXpert

sensitivity.

When clinical diagnosis was set as the gold standard: v2-test¼ 51.31, P< 0.001, AFB smear sensitivity versus GeneXpert

sensitivity; v2-test¼ 10.37, P¼ 0.002, AFB smear sensitivity versus LJ culture sensitivity; v2-test¼ 18.19, P< 0.001, LJ

culture sensitivity versus GeneXpert sensitivity.

Table 3. Diagnostic yields of bronchial washing fluid (BWF) XpertV
R
MTB/RIF (GeneXpert) and BWF

Lӧwenstein–Jensen (LJ) culture in patients with tracheobronchial tuberculosis (TBTB) stratified according to
their sputum acid-fact bacilli (AFB) smear results (positive and negative).

TBTB subgroups

Diagnostic yield, %

v2 Statistical analysisBWF GeneXpert BWF LJ culture

Sputum AFB smear positive, n¼ 62 100.0 (62/62) 87.1 (54/62) – P¼ 0.006a

Sputum AFB smear negative, n¼ 68 86.8 (59/68) 60.3 (41/68) 12.24 P< 0.001

aFisher exact probability method.
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important complication associated with
pulmonary TB.6There is an urgent need to
develop a sensitive and rapid diagnostic

tool for TBTB. The sputum AFB smear is
a commonly used method, but the positivity
rates fluctuate considerably (0–53.3%).3,7–10

In the present study, the rate of sputum
AFB smear positivity was 47.7%, which
was consistent with existing reports.3 The
reasons for low positive rates in the bacte-
riological testing of sputum include insuffi-
cient bronchial drainage, proximal
granulation tissues enveloping the mucus,
lesions undergoing natural recovery and
bronchial fibrosis.3

It has been reported that the range
of positive rates of BWF AFB smears is
10–85% in TBTB and the range of positive
rates of pathological biopsies is 30–84%.8,10

Both ranges are higher than that of the

sputum smear. In the present study, the
positive rate of BWF AFB smears (53.8%)
was higher than that of sputum smears
(47.7%), but lower than that of BWF LJ
cultures (73.1%). The bacteriological test-
ing of BWF is easier and safer than biopsies
and has a lower risk of complications.
However, the positive rate of bacteriologi-
cal testing could be affected by the type of
local lesion. The positivity rate is usually
higher in active lesions, such as ulcers and
caseous necrosis, but lower in cicatricial
lesions.10In addition, BWF LJ cultures

usually take 6–8 weeks and this could
easily lead to delayed diagnosis.

Currently, the GeneXpert assay is an
excellent method for detecting MTB and is
highly suitable for the rapid diagnosis of
TBTB using BWF specimens. Specimens
used for the GeneXpert assay are less
likely to be contaminated when compared

with conventional cultures and other PCR
techniques.10 Furthermore, there is no need
for repeated sample disposal, which pre-
vents the loss of MTB in the specimens.
The GeneXpert assay can identify MTB
and NTM;21 and it can reduce the false-
positive risk of NTM in AFB smears or
mycobacteria culture for tuberculosis diag-
nosis. It has been reported that the sensitiv-
ity and specificity of GeneXpert are higher
than that of conventional smears and cul-
tures for tuberculosis diagnosis.22,23 In the

present study, the sensitivity of the BWF
GeneXpert was 93.1%, which was signifi-
cantly higher than that of the BWF LJ cul-
tures and BWF AFB smears (P< 0.001).
Sputum AFB smear-negative TBTB needs
to be differentiated from pneumonia and
lung cancer to avoid missed diagnoses and
misdiagnoses. In the present study, for 68
sputum AFB smear-negative TBTB
patients, the diagnostic yield of BWF
GeneXpert was 86.8%, which was signifi-
cantly higher than that for the BWF LJ
cultures (60.3%). According to the present

Table 4. Diagnostic yields of bronchial washing fluid (BWF) XpertV
R
MTB/RIF (GeneXpert) and BWF

Lӧwenstein–Jensen (LJ) culture in patients with tracheobronchial tuberculosis (TBTB) stratified according to
their bronchial TBTB subtype.

TBTB subtype

Diagnostic yield, %

v2 Statistical analysisBWF GeneXpert BWF LJ culture

I, n¼ 51 96.1 (49/51) 86.3 (44/51) 1.95 NSa

II, n¼ 18 100.0 (18/18) 100.0 (18/18) NSa

III, n¼ 35 91.4 (32/35) 62.9 (22/35) 8.012 P¼ 0.004

IV, n¼ 26 84.6 (22/26) 42.3 (11/26) 10.035 P¼ 0.002

aFisher exact probability method.

NS, not significant (P� 0.05).
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results, compared with conventional BWF
LJ cultures, the diagnostic yield of BWF
GeneXpert was significantly higher. The
result of the BWF GeneXpert rpoB gene
detection was highly consistent with the
RIF drug sensitivity test.22 Therefore, the
GeneXpert assay could be a rapid and accu-
rate ancillary tool for bacteriological testing
and could contribute to the early diagnosis
and treatment of TBTB.

All of the patients in this current study
were classified as having type I–IV
TBTB.2,24 Type IV TBTB is the healing
stage of the course of bronchial tuberculosis
with less bacterial load than types I–III.2,9

The diagnostic yield results of the present
study for GeneXpert were >90% for types I,
II and III TBTB. The GeneXpert assay
exhibited better sensitivity in the diagnosis
of MTB from BWF in patients with type
IV TBTB when a lower mycobacterial load
might be expected, than BWF cultures, which
is conducive to the diagnosis of TBTB.

This current study had several limita-
tions. First, it was a single-centre study
with a small sample size and a bronchosco-
py examination was not performed for all
patients suspected of having TBTB. This
might have affected the results. Secondly,
this study was a retrospective analysis of
clinical data and biopsies were only collect-
ed from some of the patients. The majority
of patients with TBTB had bacteriological
or pathological evidence, but a small
number of patients only had tracheoscopic
manifestations (such as scar stenosis),
which could only be used to achieve a clin-
ical diagnosis. Therefore, some cases could
only obtain a clinical diagnosis though the
treatment process. Nevertheless, the current
study has demonstrated the diagnostic
value of the GeneXpert assay for TBTB
based on the analysis of real clinical data.

In conclusion, this current study demon-
strated that the GeneXpert assay of BWF
could provide a faster and more sensitive
detection of MTB when compared with

conventional bacteriological tests, especial-

ly for sputum smear-negative patients or

patients who were negative for bacteriolog-

ical testing with BWF. The GeneXpert

assay was an appropriate complementary

tool to use with conventional culture meth-

ods, which could facilitate the early diagno-

sis and treatment of TBTB.
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