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Background: The purpose of this study was to determine the optimal puncture site of computed
tomography (CT)-guided transthoracic needle aspiration biopsy for the diagnosis of tuberculosis (TB) by the
comparison of clinical and radiological characteristics of TB patients stratified to different histopathological
results.

Methods: We retrospectively analysed the data of clinically diagnosed TB patients with negative laboratory
results between July 2016 and June 2018. Biopsy specimens were obtained from patients for Ziehl-Neelsen
(Z-N) staining and TB-DNA.

Results: For the 356 TB patients, the positive rate of TB-DNA was 70.9%, which was significantly higher
than that of Z-N staining (46.4%, P<0.001). The positive rate of lesions from upper lobe (76.4%, 155/203)
was significantly higher than that from lower lobe (63.1%, 89/141, P=0.008). The mean of ACT density for
positive histologic group (12.84+6.81 HU) was lower than that for negative histologic group (28.32+9.82 HU,
P<0.001). ROC curve analysis revealed that a density-based cut-off value of 20.5 HU should be set as the
cut-off values for determining the optimal puncture site.

Conclusions: Our data demonstrates that the molecular diagnostics has superiority over Z-N staining for
detecting MTB from lung aspirates. The lung biopsies from upper lobe were more likely to yield positive
histologic results than those from lower lobe. In addition, the enhancement of 20.5 HU by CT scans
should be set as the cut-off values for determining the optimal puncture site that would facilitate an efficient
diagnosis of pulmonary TB.
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Introduction people died from this disease globally in 2017 (2). China
has the world’s third largest TB epidemic, accounting for
approximate 9% of global TB burden (2). Despite the great

effort over decades in fighting against TB, the emergence of

Tuberculosis (TB), caused by Mycobacterium tuberculosis
complex (MTBC), remains one of the deadliest infectious

diseases worldwide (1). According to the estimation by
World Health Organization (WHO), approximately
10.0 million new cases of TB occurred, and 1.6 million
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multidrug-resistant TB poses a major challenge for future
TB control in this country (3).
Diagnosis of TB usually relies on clinical presentation,
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radiological findings and laboratory examinations (4).
Detection of MTB by smear microscopy and mycobacterial
culture has stagnated at around 50% of the total of new
cases (5) which means that nearly half of TB patients
are diagnosed without the positive bacterial results from
laboratory examination. As an alternative, diagnosis
decisions have to rely on other laboratory-based indicators,
such as tuberculin skin test and blood-based interferon-y
release assay (6). Unfortunately, all these latter methods are
non-specific for active TB patients, which inevitably results
in the misdiagnosis of TB among individuals with suspected
TB (6). In view of the foregoing, there is an urgent need to
develop more feasible methods aiming at detecting M'TB
in clinical samples from the TB patients without laboratory
bacteria evidence.

Computed tomography (CT)-guided biopsy is a well-
established technique for the diagnosis of pulmonary lesions
(7,8). Although this technique has been widely used for
identifying patients with known or suspected lung cancer (8),
the usefulness of technique for patients with suspected
TB is poorly understood due to its invasive measures. In
addition, the fact that multiple ill-defined nodules observed
in the lungs of TB patients is considered as another
challenge for clinicians to determine the optimal puncture
site among heterogeneous radiologic manifestations (9).
Thus, the purpose of this study was to retrospectively
assess the diagnostic yield of CT-guided transthoracic
needle aspiration biopsy for the diagnosis of TB without
laboratory bacteria evidence. We also aimed to determine
the optimal puncture site by the comparison of radiological
characteristics of TB patients stratified to different
histopathological results.

Methods
Patients

We retrospectively analysed the data of clinically diagnosed
TB patients with negative smear microscopy, mycobacterial
culture and GeneXpert results between July 2016 and
June 2018. The clinically diagnosed TB patients met the
following criteria: (I) clinical TB symptoms; (II) clinical-
radiologic picture highly suggestive of TB; (III) satisfactory
response to anti-TB treatment (10). Prior to lung biopsy,
all lesions were scanned using routine CT performed at
a thickness of 5.0 mm. The demographic information
was retrieved from the clinical chart records of patients,
including age gender, smoking status, comorbidity,
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laboratory examinations, and response to treatment. None
of these patients were on anti-TB treatment before lung
biopsy.

CT acquisition

All CT scans were carried out with a 64-multidetector
GE Healthcare CT860 HD scanner (GE Healthcare,
Milwaukee, Wisconsin). The parameters used were: 250 mA;
120 kV; and inspiratory volumetric acquisition from lung
apex to base with 5 mm contiguous slices. The images were
obtained with lung window (window width: 1,500 HU;
window level, =500 HU), and mediastinal window (window
width, 350 HU, window level, 40 HU).

For the targeted lesion, a contrast-enhanced CT scan of
the chest was performed as previously described. Images were
obtained with a lung window (window width: 1,500 HU;
window level, =500 HU), and mediastinal window (window
width: 350 HU, window level, 40 HU) when the patient
was placed in the supine position at full end-inspiration
status. The scans were acquired from 5 mm above target
lesion to 5 mm below targeted lesion with a slice thickness
of 2.5 mm. All images were reviewed on picture archiving
and communication system by two radiologists with >5
years of image interpretation experience. The discordant
results were rechecked by the third experienced radiologist.
The maximum diameters of lesions were measured on lung
window; and the densities in lesions were calculated as the
mean value of three measured densities on mediastinal
window.

CT interpretation

The targeted lesions were divided into 4 categories on
the basis of CT images: consolidation (defined as dense
opacification without forming mass), nodule (round shaped
opacity <3 cm in diameter, regardless of margin), mass
(>3 cm in diameter ) and cavity (presence of air within
pulmonary consolidation, a mass, or a nodule) (11).

Biopsy procedures

All biopsy procedures were performed under conventional
CT guidance by an experienced radiologist as previously
reported (8,12). Briefly, the patients were placed in the
prone, supine or lateral position depending on the location
of lesion. After the administration of a local anesthetic,
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all biopsies were conducted with a coaxial needle system
consisting of a 17-gauge coaxial introducer needle (Argon
Medical Devices, Plano, Texas), and an 18-gauge automated
cutting biopsy needle (Argon Medical Devices, Plano,
"Texas). The introducer needle was firstly positioned during
a single breath-hold into the proximal aspect of the lesion.
Then the biopsy needle was inserted coaxially into the
guiding canula to obtain the fresh tissue specimen. In
addition, specimens were immediately fixed by immersion
in 10% formalin solution and were sent to the pathologist
for examination.

Histopathology examinations

The formalin-fixed specimens were embedded into a
paraffin block for pathological diagnostics. The block was
firstly trimmed at 15-30 pm, followed by preparation of
4 ym of ribbons for staining. One to four ribbons were
strained with hematoxylin and eosin; the second one to four
ribbons were obtained for Ziehl-Neelsen (Z-N) staining. In
addition, ten ribbons were transferred in 1.5 mL Eppendorf
tube for DNA extraction according the manufacturer’s
instructions (13). The crude genomic DNA was used as
template for real-time PCR analysis with commercial kit
(TB-DNA, DAAN Gene, Guangzhou, China). The real-
time PCR cut-off value was set at a cycle threshold (Ct)
value of 35.

Statistical analysis

Statistical analysis performed with logistic regression
analyses confirmed the factors contributing to the positive
results by laboratory method. In addition, patients were
stratified using the results of CT-guided transthoracic
needle aspiration biopsy. Medians of value of adding
unenhanced CT to contrast-enhanced CT (ACT density)
were compared using Wilcoxon rank-sum tests. We
also used receiver operating characteristic (ROC) curve
analysis to determine the cut-off value of ACT density
producing the most potent performance for the detection
of MTB from biopsy tissue. The difference was declared as
significant if P value was less than 0.05.

This study was approved by the Ethics Committee of
Beijing Chest Hospital, Capital Medical University (Y]S-
2019008). All these patients experienced CT-guided
lung biopsied after the acquisition of written informed
consent. The study was conducted in accordance with the
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Declaration of Helsinki.

Results
Diagnostic accuracy

We retrospectively analysed 356 TB patients who
underwent CT-guided lung biopsies between July 2016
and June 2018. Of these 356 patients, 258 (72.5%) were
male. None of them were seropositive for HIV, and the
most frequent comorbidity was diabetes (39/256, 11.0%).
In addition, all patients had no previous anti-TB treatment
history. Based on examinations with lung biopsies, 169
had positive results by Z-N staining, yielding a positive
rate of 46.4% (169/356). For TB-DNA, the additional
89 patients were identified as TB cases, demonstrating an
overall positive rate of 70.9% (258/356). Statistical analysis
revealed that the positive rate of TB-DNA was significantly
higher than that of Z-N staining (P<0.001) (Figure I).

The results of the univariate analysis to identify risk
factors for negative diagnostic results are shown in Table 1.
Patients aged <25 years (85.9%, 61/71) were more likely to
have positive histologic results compared with those aged
>65 years (62.3%, 38/61, P=0.002). In addition, the location
of aspiration site seemed to be associated with the detection
results. As summarized in Tible 1, the positive rate of lesions
from upper lobe (76.4%, 155/203) was significantly higher
than that from lower lobe (63.1%, 89/141, P=0.008). In
contrast, sex, comorbidity, smoking status and the CT
interpretation of aspiration site had no effect on the positive
rate of histologic results (P>0.05).

Correlation between enbancement of CT density and
bistologic finding

We further analysed the correlation between enhancement of
CT density and histologic finding. Two representative CT-
guided lung biopsy cases are shown in Figure 2. For Patient
1, the conventional and contrast-enhanced CT densities
of lesion were both 14 HU. In contrast, the CT density
of lesion from Patient 2 was increased from 36 to 65 HU
for contrast-enhanced evaluation.

To identify the cut-off value of ACT density, the
patients were divided into a positive histological group and
a negative histological group according to the histologic
findings. The mean of ACT density were 12.84+6.81 and
28.32+9.82 HU for positive and negative histologic group,
respectively (Figure 3). Statistical difference was observed
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Figure 1 Comparison of Z-N staining and TB-DNA method for
detecting M'TB from lung biopsy. *, statistical difference is significant.

in the enhancement density between two groups (P<0.001).
The ACT densities were studied in a ROC curve stratified
to different histological findings. Figure 4 shows an area
under the curve (AUC) of 0.896 (95% CI: 0.854 to 0.938;
P<0.001). When setting a cut-off value of 20.5 HU, a
sensitivity of 80.2% and a specificity of 89.1% were found.
The AUC in the ROC curve was significantly different
from 0.5, indicating that the ACT density has the capability
to predict the positive rate in CT-guided lung biopsy
specimens.

Discussion

The CT-guided biopsy is a supplementary method for
detection of MTB in culture-negative TB patients (14,15).
In this retrospective analysis of CT-guided lung biopsies of
356 clinically diagnosed TB patients, our data demonstrated
that TB-DNA exbibits more excellent sensitivity than
Z-N staining for detecting MTB from lung aspirates.
Our results are comparable with studies performed on
other tissue aspirates (16,17). In a recent study on lymph
node aspirates from 22 patients (17), a PCR positivity
of 82% was reported on the basis of the amplification of
IS6110 insertion sequence compared with a positivity of
39% by Z-N staining. Therefore, our study and those of
others suggest that the molecular diagnostic could make a
considerable benefit in the diagnosis of pulmonary TB that
are missed by conventional procedures. In addition to the
superior sensitivity, another obvious advantage of molecular
diagnostic is that it can distinguish between MTB and
NTM, which will especially produce useful histological
interpretations in the settings with high prevalence of
NTM. In view of these advantages, molecular diagnostic
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with superiority over Z-N staining should be integrated
into a clinical decision to improve the detection of tubercle
bacilli from multiple aspirations.

With respect to age groups, positive histological results
were less frequently seen in older patients. A recent
comparative study in Tanzania has demonstrated that
elderly patients are more likely to have paucibacillary
T'B, which is mainly due to the failure to produce good-
quality of sputum in this population (18). Although the
poor quality of sputum sample may be an important
contributor for the low detection rate of MTB among the
elderly, it could not explain our observation on the basis
of CT-guided biopsy in view of intrinsic characteristics of
pathological specimens. Strong evidence has revealed that
immunodeficient individuals infected with MTB tend to
develop paucibacillary disease, such as HIV infection and
childhood TB (19,20). We therefore hypothesize that the
immunosuppression status in the elderly may be associated
with a low bacterial load in the lung biopsy specimens.
Further experiments are urgently needed to elucidate the
correlation between immunosuppression and multiplication
of M'TB in the lesions.

In addition, our study showed that the lung biopsies from
upper lobe were more likely to yield positive histologic
results than those from lower lobe. These results were
consistent with previous radiographic findings that the
pulmonary abnormalities are mainly located in the upper
lobes, while less frequently in the lower lobe (11). In the
former, the high concentration of oxygen in the upper
lung areas may be associated with increased virulence of
the bacilli, and enhanced multiplication of MTB (11,21).
Therefore, the upper lung lobes are the favoured niche of
survival for M'T'B, thereby resulting in the high positivity of
CT-guided biopsy. From a clinical and diagnostic viewpoint,
it is of great importance to be aware that the selection of
lesions located in the upper lung lobes will provide more
benefits for early diagnosis of pulmonary TB.

The use of contrast-enhanced CT scan has been proved
to be useful to discriminate malignant nodules from benign
ones (22). The enhancement on dynamic CT scans reflect
the vascularity in the lesions, and the enhancement of
less than 20 HU has been set as the cut-off values for the
differentiation of malignant and benign nodules (22). In
this study, our data demonstrated that a density-based cut-
off value of 20.5 HU can be applied to help the clinicians
to determine the optimal puncture site for patients with
suspected TB. Considering that caseation necrosis and
dystrophic calcification are the most common in almost all
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Table 1 Distribution of TB patients with different TB-DNA results detected from CT-guided transthoracic needle aspiration biopsy
No. of patients with different TB-DNA results, n (%)
Characteristics bositive Negative P value
Sex
Male 176 (71.3) 71 (28.3) Ref.
Female 82 (70.1) 35 (29.9) 0.819
Age group (years)
<25 61 (85.9) 10 (14.1) 0.002
25-44 77 (67.0) 38 (33.0) 0.536
45-64 82 (70.1) 35 (29.9) 0.293
>65 38 (62.3) 23 (37.7) Ref.
Smoking status
No 124 (68.1) 58 (31.9) Ref.
Yes 134 (73.6) 48 (26.4) 0.249
Comorbidity
No 225 (72.3) 86 (27.7) Ref.
Diabetes 25 (53.8) 14 (46.2) 0.283
Liver disease 5 (62.5) 3 (37.5) 0.540
Others 3(50.0) 3(50.0) 0.355
Location of aspiration site
Upper lobe 155 (76.4) 48 (23.6) 0.008
Middle lobe or lingula of left lung 14 (70.0) 6 (30.0) 0.549
Lower lobe 89 (63.1) 52 (36.9) Ref.
CT interpretation of aspiration site
Consolidation 76 (66.7) 38 (33.3) Ref.
Nodule 128 (71.5) 51 (28.5) 0.380
Mass 32 (78.0) 9 (22.0) 0.174
Cavity 22 (73.3) 8 (26.7) 0.486

pulmonary TB patients (23), the fact that the TB lesions
have a ACT density less of 20.5 HU reflects the insufficient
blood supply in these areas.

There were several obvious limitations in this study.
First, its retrospective nature and completion at a single
center makes the universal application of the findings in
the present study to different settings and populations
questionable. Further randomized controlled studies are
urgently needed to verify the reliability of our observation.
Second, the major complication associated with CT-
guided lung biopsy is an important concern that should
be taken into consideration. Although a recent meta-
analysis by Heerink and colleagues has revealed that
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major complication rate in this procedure is low (24), its
risk should be carefully weighed against the benefit of
potentially making a diagnosis of TB, especially for the
individuals at high-risk. Despite these limitations, this study
provides new insights for the integration of CT-guided lung
biopsy in the clinical practice of TB diagnosis.

Conclusions

In conclusion, our data demonstrates that the molecular
diagnostic has superiority over Z-N staining for detecting
MTB from lung aspirates. The lung biopsies from upper
lobe were more likely to yield positive histologic results
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CT density: 16 HU CT density: 16 HU
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Patient 1
CT density: 32 HU CT density: 65 HU
D
Patient 2

Conventional CT scan

Contrast-enhanced CT scan

Conventional CT-guided biopsy

Figure 2 Conventional CT, contrast-enhanced CT image for density analysis, and conventional CT-guided biopsy. (A,B,C) The images
from a 78-year-old man with no change in CT density in right upper lob diagnosed at CT scan; (D,E,F) the images from a 42-year-old man

with significant increase in CT density in left lower lob diagnosed at CT scan.
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Figure 3 ACT density analysis of targeted lesions in patients with
different histological results. Lesions with negative histological
results presented with significantly higher values in CT density

measurements [****, P<0.001 (extremely significant)].

than those from lower lobe. In addition, the enhancement
of 20.5 HU by CT scans should be set as the cut-off values
for determining the optimal puncture site that would
facilitate an efficient diagnosis of pulmonary TB.
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