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Background: Endobronchial ultrasoundYguided transbronchial needle
aspiration (EBUS-TBNA) is a diagnostic method for tuberculosis (TB).
This study was conducted to determine the efficiency of polymerase chain
reaction (PCR) testing for detecting TB lymphadenitis in samples
obtained by EBUS-TBNA.
Materials and Methods: A total of 93 consecutive patients with
hilar/mediastinal lymphadenopathies and diagnosed with granulomatous
diseases through histopathological evaluation were included in the study.
The specimens provided by EBUS-TBNA were evaluated through path-
ological, microbiological, and molecular tests.
Results: Eighty-nine (95.7%) of the 93 patients had histopathologi-
cally granulomatous diseases by EBUS-TBNA. Tuberculosis was diag-
nosed in 27 (30.3%) patients and sarcoidosis was diagnosed in 62 (69.7%)
patients. Four (4.3%) patients were diagnosed through mediastinoscopy.
Endobronchial ultrasoundYguided transbronchial needle aspiration had an
overall diagnostic efficiency in TB of 96.9%, a sensitivity of 90.9%, and a
specificity of 100%.Mycobacterium tuberculosis PCR was positive in 17
of the 30 patients. The sensitivity of PCR was 56.7%, the specificity was
100%, and the general efficiency of the test was 96.4%.
Conclusions: As a result, the use of M. tuberculosis PCR in the
EBUS-TBNA specimens provides a rapid and an accurate diagnosis of
TB. Therefore, we recommend the use of M. tuberculosis PCR in the
EBUS-TBNA specimens as a rapid diagnostic method for mediastinal
lymphadenopathies in patients with suspected TB.
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The differential diagnosis of granulomatous lung diseases can
be challenging in the clinical settings. In developing countries,

the most common cause of granulomatous diseases is tuberculosis
(TB). Tuberculosis is caused by the bacteria Mycobacterium
tuberculosis, which primarily affects the lungs but can also
extend to the extrapulmonary systems or organs. Tuberculosis
lymphadenitis is the most common type of extrapulmonary TB.

Tuberculosis causes 30% to 52% of all lymphadenopathies
(LAPs) in developing countries and 1.6% in developed

countries. In addition, in Turkey, extrapulmonary TB accounts
for 30.6% of all TB cases.1,2 Furthermore, mediastinal tuber-
culous LAPs constitute 4.3% of all extrapulmonary TB cases.3

Conventional bronchoscopic specimens (bronchial lavage and/or
transbronchial needle aspiration [TBNA] and/or sputum exami-
nations) generally do not provide enough information for the di-
agnosis of isolated mediastinal LAPs. A definitive diagnosis of
TB lymphadenitis depends on the detection of TB bacilli by
culture and/or identification of a granulomatous reaction with
caseification necrosis at the pathological specimens of the lymph
node. Some patients with mediastinal LAP in our country cannot
have an exact TB diagnosis, but they were given empirical TB
treatment. New diagnostic methods such as endobronchial
ultrasoundYguided TBNA (EBUS-TBNA) will decrease the
ratio of redundant TB treatment. Endobronchial ultrasoundY
guided TBNA provides tissue specimens from mediastinal LAPs
in real time. In addition, EBUS-TBNA ensures safe sampling of
LAPs as little as 5 mm without causing vascular damage.4

Polymerase chain reaction (PCR) for TB is faster than culture
but is not as sensitive as culture. Culture tests remain as the crite-
rion standard test for the definitive diagnosis ofM. tuberculosis but
take several weeks to get the results and demand specialized ma-
terials to support the virulent microbacteria in the culture. As a
result, clinicians tried to find faster molecular tests, and the use of
PCR for detecting ofM. tuberculosiswas introduced.5 These tests
are less time-consuming than the other methods. Rapid diagnosis
can expedite the delivery of TB treatment.

The aim of this study was to determine the ability of
M. tuberculosis PCR tests to make differential diagnosis between
TB and sarcoidosis as well as other granulomatous diseases.
Mediastinal tuberculous LAPs are difficult for the pathologists
to discriminate caseification or noncaseification. A microbi-
ological rapid result such as M. tuberculosis PCR tests would
be useful for this evaluation; hence, this study was planned to
determine the diagnostic value of TB PCR tests in the material
taken by EBUS-TBNA.

MATERIALS AND METHODS
Patients who were investigated for hilar/mediastinal LAPs

between January 2009 and December 2012 at the Ankara Ataturk
Training and Research Hospital were included in the study ret-
rospectively. Written informed consent for EBUS-TBNA was
obtained from all patients. The study was approved by the local
institutional ethics committee (2011-09-88).

The tests were conducted to collect clinical information
about the following: blood cell count, biochemical and coagu-
lation parameters, serology of human immunodeficiency virus
(HIV), serum calcium, 24-hour urine calcium, and serum
angiotensin-converting enzyme. A tuberculin skin test (TST)
was also conducted in all patients. The patients with a platelet
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count of less than 20,000/mm3 and/or an international normal-
ized ratio of more than 1.3 were excluded from the study. ATST
reaction of greater than or equal to 15 mm was considered as
positive in patients who had received BCG vaccination, whereas
a reaction of greater than or equal to 10 mm was considered as
positive in those who had not received the vaccination.

Sputum examination for acid-fast bacilli (AFB) using the
Ehrlich-Ziehl-Neelsen (EZN) staining technique and PCR was
performed 3 times in all patients who could expectorate sputum.
Fiber-optic bronchoscopy and bronchial lavage were performed
in all patients before endobronchial ultrasound. Endobronchial
ultrasoundYguided TBNA was performed in those with negative
PCR and pathological results for bronchial lavage. Thorax com-
puted tomographic (CT) scan was performed in all patients, and
the availability of the lymph nodes for endobronchial ultrasound
sampling was evaluated. The locations of the mediastinal and hilar
lymph nodes were determined (Fig. 1A). The patients with iso-
lated mediastinal lesions of granulomatous diseases without pa-
renchymal lung abnormalities were identified and included in the
study. The patients with lung cancer and those with other paren-
chymal lung lesions were excluded from the study.

Themediastinal/hilar lymph nodeswere sampled via 7.5-MHz
(BF-UC160F-OL8; Olympus Medical Systems, Tokyo, Japan)
convex probe EBUS-TBNA in real time under local anesthesia and
conscious sedation using Dormicum and/or propofol. During this
procedure, a 22-gauge aspirating needle with a syringe model
Olympus NA-201SX-4022 was used. Doppler imaging was
performed to avoid damage to vascular structures. The sampling
was attempted at least 3 times (Fig. 1B). A portion of the sample
inside the needle was spread onto glass slides and dried at room
temperature for EZN staining and cytologic examination. Another
portion of the preparation was put in a mixture of alcohol and
formaldehyde. In addition, another portion was put in formalde-
hyde to form cell blocks and another portion in saline before being
placed in formaldehyde was sent for culture in Löwenstein-Jensen
(LJ) medium. The rest of the material was placed in a saline so-
lution and sent to the molecular laboratory for PCR examination.

TB PCR Examination Methods
The tissue specimens were stored at 3-C to 8-C in a molec-

ular laboratory. They were transformed into paraffin tissue blocks,
and 4- to 7-KmYthick sections were obtained. They were then
deparaffinized with octane, placed in Eppendorfs, and washed
with alcohol. Mycobacterium tuberculosis DNA isolation was
performed using a QIAamp DNA (QIAGEN, Belgium) com-
mercial mini kit. The isolated DNA samples were PCR amplified
in real time using a Cornett device and an Artus M. tuberculosis
RGPCR kit (QIAGEN). In this study, negative controls were used
along with both internal and external positive controls.6

The detection of any of the following was accepted as mi-
crobiologically positive: AFB in EZN staining, TB bacilli repro-
duction, andM. tuberculosisDNA by PCR. A histopathologically
positive result was identified by a granulomatous reaction, which
included epithelioid histiocytes, Langerhans cells, and/or case-
ification necrosis (Fig. 1C). The pathological findings were clas-
sified into 5 and these are the following: granuloma with necrosis,
only granuloma, necrosis, nonspecific, and inadequate sample.
The following diagnoses were made histopathologically: PCR,
AFB, clinical findings, and clinical follow-up. The patients with
TBwere diagnosed with 2 definings, which are as follows: (1) TB:
granuloma with or without necrosis or necrosis only, positive for
AFB, or granulomawith necrosis; and (2) the presence of a positive
TST and/or a history of household contact with TB (Table 1). Tu-
berculosis was also considered in the differential diagnosis of
granulomatous reactionwithout caseification necrosis. Granuloma
without necrosis and microbiology test with negative findings
combined with typical bilateral hilar lymph nodes was suggestive
of sarcoidosis. A clinical diagnosis of sarcoidosis was confirmed
when the patients met the following criteria: stability or regression
during follow-up and demonstration of extrapulmonary manifes-
tations of sarcoidosis (uveitis, erythema nodosum, neurologic or
cardiac involvement).

The patients with mediastinal TB received TB treatment
for 6 months. One year after the diagnosis, their symptoms had
improved and CT indicated a reduction in the size of their
lymph nodes.

Analysis of TB PCR Performance
The sensitivity, specificity, and diagnostic accuracy of the

PCR test were studied. The results of the histopathological and
microbiological examinations as well as PCR correlated with
the clinical outcome, which is considered as the criterion standard.
Sensitivity is the ability of the test to identify correctly those who
have the disease from all individuals with the disease. Specificity
is the ability of the test to identify correctly those who do not
have the disease from all individuals free from the disease. Ac-
curacy was defined by the total number of true-positive and true-
negative tests divided by the total number of patients that were

FIGURE 1. A, A right paratracheal lymph node in a patient with TB by EBUS-TBNA. The lymph node was characterized as heterogeneous.
B, The thorax CT scan demonstrates a right paratracheal lymph node. C, Photomicrograph of smear showing caseification necrosis,
epithelioid histiocytes, and lymphocytes (hematoxylin-eosin, original magnification �400).

TABLE 1. Number of Cases and the Criteria of TB Diagnosis

Frequency %

Histopathology + PCR + AFB/culture 5 16.7
Histopathology + PCR + clinical findings 11 36.7
Histopathology + AFB 1 3.3
Histopathology + clinical findings 13 43.3
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calculated with the software package Statistical Package for the
Social Sciences version 17 (SPSS Inc, Chicago, IL). The W2 test
was done along with the P value to see the presence of associa-
tions or agreement. A P value of less than 0.05 was considered
statistically significant.

RESULTS
Ninety-three patients (62 women and 31 men) who under-

wentEBUS-TBNA for isolated hilar and/or mediastinal LAPs and
were diagnosed with granulomatous diseases were examined. The
mean (SD) age of the patients was 49.31 (13.9) (range, 23Y78)
years. There were no AFB-positive results in the sputum tests,
andall of the patients were HIV-negative. EBUS-TBNA and
mediastinoscopic biopsies were used for pathological diagnosis.

The use of EBUS-TBNA resulted in the diagnosis of histo-
pathological granulomatous diseases in 89 (95.7%) patients,
whereas the use of mediastinoscopy resulted in a diagnosis for
an additional 4 (4.3%) patients. After the clinical, radiologic, and
laboratory evaluations, 30 (32.3%) patients were diagnosedwith TB
and 63 (67.7%) patients were diagnosed with sarcoidosis (Fig. 2).

The specimens provided by EBUS-TBNAwere evaluated in
the pathological, microbiological, and molecular (M. tuberculosis
PCR) examinations, which led to 17 of the 30 patients being
positive for mediastinal TB LAPs (Table 2). The sensitivity of the
PCR test was 56.7%, whereas the specificity was 100%. Fur-
thermore, the general efficiency of the test was 96.4%. The AFB
and the M. tuberculosis culture were positive in only 6 patients.
The sensitivity of the culture test was 20%. The combined results
of the culture and PCR in the LAP specimens provided an even
better rate of TB detection of 60% (18/30 patients; Table 3).
Sixteen (53.3%) patients had a history of contact with TB; the

TST result was positive in 19 (63.3%) patients. Tuberculosis was
confirmed in 18 (17 PCR-positive patients and only 1 culture-
positive patient) patients by laboratory results, whereas the re-
maining 12 patients were diagnosed on the basis of just clinical
manifestation and histopathological results.

On EBUS-TBNA cytology, necrotizing granulomatous in-
flammation was exhibited in 53.3% (16/27 patients); necrosis
without granuloma, in 33.3% (10/27 patients); and necrosis only,
in 3.3% (1/27 patients). Necrotizing granulomatous inflammation
was shown in 6.7% (2/3 patients) through histologic evaluation of
the biopsy specimen, which yielded through mediastinoscopy,
and only granuloma was shown in 3.3% (1/3 patients). A total of
18 patients had a granuloma with necrosis; 11 patients were PCR
positive and 5 patients were AFB positive. A total of 11 patients
had a granuloma without necrosis, 5 of whom were AFB positive
(Table 4).

The PCR was false negative for the 13 patients with TB
LAPs. In these patients, the cultures were negative and TB was
diagnosed histopathologically and clinically.

Mediastinoscopy was required for diagnosing the remaining
4 patients when EBUS-TBNAwas not diagnostic; 3 patients had
TB and 1 patient had sarcoidosis. The sensitivity value of EBUS-
TBNA for the diagnosis of TB was 90.9%, the specificity was
100%, and the general efficiency of the test was 96.9%.

DISCUSSION
The aim of this study was to determine the ability of M. tu-

berculosis PCR tests to discriminate between TB and sarcoidosis
as well as granulomatous diseases. Of the patients, 30 (32.3%)
were diagnosed with TB. Mediastinal LAPswere identified as TB
positive in 17 patients using M. tuberculosis PCR, whereas the
results of the M. tuberculosis culture were negative in those 12
patients. These results indicate that a positive PCR helped to es-
tablish a definitive diagnosis in 17 patients whose differential di-
agnosis for TB or sarcoidosis could not be made by clinical or
pathological means. Therefore, M. tuberculosis PCR may con-
tribute to a faster TB diagnosis using EBUS-TBNA specimens.

Mediastinal LAPs are frequently observed in a range of
granulomatous diseases such as infections, TB, tularemia, fungal

FIGURE 2. Flow chart of patients with intrathoracic
granulomatous lymph nodes in whom EBUS-TBNA was applied.

TABLE 2. Number of Cases and the Criteria of TB Diagnosis

AFB Positive Culture Positive

PCR Negative 1 1
Positive 4 5

Total 5 6

TABLE 3. Polymerase Chain Reaction Was Compared Against
the Combination of Both the Conventional Methods

Frequency %

PCR 17/30 56.7
AFB 5/30 16.7
PCR + culture 17 + 6/30 60
Culture 6/30 20

TABLE 4. The Final Clinical Diagnosis for Cytologic Diagnosis
by EBUS-TBNA and Mediastinoscopy

Frequency %

EBUS-TBNA
Only granulomas 10 33.3
Necrosis + granulomas 16 53.3
Necrosis 1 3.3

Mediastinoscopy
Necrosis + granulomas 2 6.7
Only granulomas 1 3.3

Total 30 100
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infections (Histoplasma capsulatum, Coccidioides immitis, Cryp-
tococcus neoformans, and Blastomyces dermatitidis), vasculitis
(Wegener granulomatosis, Churg-Strauss syndrome), environ-
mental or occupational diseases (chronic berylliosis or hypersen-
sitivity pneumonitis), andmalignancies. The infectious etiology of
the mediastinal granuloma changes according to countries. For
example, fungal infections (especiallyH. capsulatum) are themain
cause of mediastinal granulomatous LAPs in America. However,
TB is the most common cause of mediastinal LAPs, especially in
immunocompromised patients, in developing countries.7 The di-
agnosis of tuberculous LAPs remains a challenge despite the
availability of various diagnostic tools. The conventional TBNA is
the diagnostic method generally recommended for granulo-
matous mediastinal LAPs that has proven to be useful for di-
agnosing TB. However, it is a blind technique, has low sensitivity,
and can only access certain lymph node stations in the mediasti-
num. The diagnostic value of this method is poor when compared
with EBUS-TBNA. On the other hand, EBUS-TBNA is consid-
ered to be a safer and more sensitive procedure than the conven-
tional TBNA.8

Computed tomographyYguided biopsy, mediastinoscopy,
and video-assisted thoracoscopic surgery are the other methods
that can be used to collect samples from the mediastinal lymph
nodes. However, CT-guided biopsy is associated with a high
risk for pneumothorax and surgical methods require anesthetic
equipment and hospitalization. As an alternative method, the
use of EBUS-TBNA is increasing. It has generally been used
for mediastinal staging in lung cancer. Although studies have
reported the use of EBUS-TBNA for the identification of sar-
coidosis in patients with granulomatosis, there is limited evi-
dence about its use in patients with TB.9,10

Ça?layan et al.11 demonstrated that the diagnostic accuracy
of EBUS-TBNA was 84.2% in TB and 83.3% in granuloma in
a study involving 72 patients. In the study of Ça?layan et al.11

with EBUS-TBNA among the 72 patients, 35 were diagnosed
with sarcoidosis and 16 were diagnosed with tuberculous lymph-
adenitis. This result is similar to that of our study. In another
study of 321 patients, Cetinkaya et al.12 reported that the diag-
nostic rate of EBUS-TBNAwas 79% for TB. In the current study,
EBUS-TBNA established the histopathological diagnosis of gran-
ulomatous diseases in 89 (95.7%) patients. This is in accordance
with Navani et al.,13 who documented the diagnosis of TB in 146
(94%) patients by EBUS-TBNA. Further, 86% of these patients
were diagnosed histopathologically, whereas 47% of these patients
were diagnosed microbiologically. Polymerase chain reaction ex-
amination was not used for diagnostic purposes in these studies.
Instead, the diagnosis of TBwas based on the clinical findings, the
EZN staining, and the results of the LJ cultures.

The quality of pathological specimens is very important for
the diagnosis of granulomatous diseases. A definitive diagnosis
in TB lymphadenitis obtained from the lymph nodes can be made
through histopathological examination, detection of AFB by EZN
staining, or demonstration of positive TB cultures. The sensi-
tivity and specificity of these methods for diagnosing TB LAPs
have not been firmly established yet. The presence of granu-
loma with/without caseification necrosis in pathology cannot
be considered an exact finding for TB. In addition, granuloma
with/without caseification necrosis is not always found in smears
from TB LAPs. Thus, radiologic, histopathological, and bacteri-
ologic evaluation should be performed in such patients.5

The conventional EZN technique, which involves direct
application of the stain on smears for AFB, is widely used and
plays a key role in diagnosis. However, it has low sensitivity,
ranging from 20% to 43%, because of the low number of my-
cobacterial cells present in the LAP specimens. In EZN staining,

to detect AFB in tissue or fluid, at least 104 to 106 bacilli per
milliliter must be present (in culture, at least 101-102 bacilli per
milliliter) and 4 to 8 weeks are required. Traditionally, culturing
has been recommended as the most appropriate criterion standard.
A definite diagnosis of mycobacterial lymphadenitis is made by
recovery of the bacterium from the LAP material. However, this
is not always possible.14,15 Löwenstein-Jensen cultures are less
sensitive for growing mycobacteria from the clinical specimens
as compared with the liquid culture systems.16 However, most of
the laboratories in Turkey still routinely use LJ culture and not
the liquid culture systems. This might explain why only 6 (20%)
patients had positive results using EZN staining and LJ cultures in
the current study.

Because the control of TB is important, fast and reliable
diagnostic methods are needed. Molecular methods provide the
speed and accuracy required. The sensitivity and specificity of
PCR are high, and they may be able to detect as few as 2 bacilli
in a sample. When the clinician is in need of evidence, this will
provide a more dependable evidence, especially to end the di-
lemma of whether to begin the TB treatment.17 Similar to our
results, Hanif et al.18 demonstrated that PCR had a high speci-
ficity. The sensitivity in that study, however, was lower than what
was reported here. Using higher quality material could potentially
improve the sensitivity. This has been demonstrated by Derese
et al.,19 who reported a PCR sensitivity of 61% to 78% in samples
obtained by needle aspiration from the cervical lymph node.

Obtaining cell blocks from the samples helps to diagnose
malignancies, facilitates the study of PCR, and provides cul-
tures for TB. The use of cell blocks in the current study helped
to improve the diagnosis.20

Polymerase chain reaction, which is a nucleic acid ampli-
fication method, is promising for an early and accurate diag-
nosis of TB. Ersöz et al.21 performed fine-needle aspiration in
peripheral LAPs in 63 patients, resulting in the determination of
a granulomatous reaction in 51.6% (n = 32) of the patients with
no indication of AFB when EZN staining was conducted. Poly-
merase chain reaction was used in 23 patients whowere suspected
of having TB, and 82.6% (n = 19) had positive results. Another
study reported that the diagnostic rate of fine-needle aspiration
was 68.0% in 25 patients. The microbiological results were pos-
itive in 8 (32.0%) patients, whereas the PCR results were positive
in 24 (96.0%) patients.22 Amin et al.14 demonstrated that the use
of PCR resulted in 46.5% with positive results in patients with
AFB-negative extrapulmonary TB. Pahwa et al.23 also reported
that the PCR tests resulted in positive findings for 81.8% in
granuloma only, 57.1% in granuloma with necrosis, and 10.0% in
necrosis only. In the current study, the PCR returned positive re-
sults for 53.3% of the patients with granuloma with necrosis,
33.3% of the patients with granuloma without necrosis, and a
lower rate of 3.3% in those with necrosis, which is similar to the
results by Pahwa et al.23

To our knowledge, this is the first study to investigate the
use of PCR in EBUS-TBNA samples other than a case study of
2 patients with HIV that reported positive results with the use
of PCR in mediastinal LAPs.24 Song et al.25 investigated a
similar method in 24 patients using esophageal ultrasoundY
guided TBNA and detected granulomas in 16 (66.7%) patients.
In addition, they reported 3 AFB-positive patients using EZN
staining, 5 (20.8%) patients with positive LJ cultures, and 5
(20.8%) other patients with positive PCR results. Berzosa et al.26

reported positive TB cultures in 16 (80.0%) patients and positive
PCR in only 1 (5.0%) of the 20 patients who had undergone
esophageal ultrasoundYguided TBNA because of suspected TB.
The use of EBUS-TBNA in yet another study resulted in the di-
agnosis of TB in 20.0% of the patients.27
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In this study, the positive PCR results helped to establish a
definitive diagnosis in 17 patients whose differential diagnosis
for TB or sarcoidosis could not be made by clinical and path-
ological means, and comparing LJ cultures with PCR results
have demonstrated higher sensitivities for the latter. Therefore,
PCR testing was responsible for an improvement in TB diag-
nosis from 20% to 56.7% when compared with AFB smear and
culture methods performed on LAP specimens. In addition, the
combined results of culture and PCR in LAP specimens pro-
vided an even better rate of TB detection of 60% (18/30 pa-
tients). As a result, surgical procedures were not required, an
early diagnosis could be made, and timely treatment could be
initiated. After TB treatment, significant improvement was ob-
served in mediastinal LAPs at the 12-month follow-up. Al-
though the therapeutic response is a very important gauge of the
true disease status, we found a complete correlation between the
PCR and the clinical diagnosis in all of the 17 patients. The
difficulties in the microbiological diagnosis of mediastinal TB
LAPs or the nonavailability of a criterion standard has made the
researchers to use various combinations of criteria or parameters
such as a combined reference standard in the evaluation of the
diagnostic tests. In the current study, the histopathological and
microbiological examinations as well as PCR have to be used
and the results need to be carefully correlated with the clinical
outcome of disease.28

As a conclusion, this is the first study to demonstrate the
feasibility and high diagnostic yield of PCR in EBUS-TBNA
specimens when investigating hilar/mediastinal LAPs in pa-
tients who have TB. Polymerase chain reaction has a potentially
important role in improving the diagnostic accuracy of medi-
astinal LAPs. Hence, EBUS-TBNA sampling for EZN staining,
culture, and PCR tests should be performed for the diagnosis of
mediastinal TB. A combination of conventional techniques and
PCR must be applied for the rapid and early diagnosis of me-
diastinal TB to achieve maximum sensitivity.
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