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Objective: The aim of this study was to assess the clinical features and high resolution computed
tomography (HRCT) findings in smear-negative pulmonary tuberculosis (PTB) and to evaluate the
correlation between these parameters and the culture results.

Methods: We retrospectively studied 78 active smear-negative PTB patients. They were divided into two
groups according to their culture results. The HRCT findings and clinical features at the beginning of the
antituberculosis treatment were reviewed.

Results: The mean age was 22.48+3.18 years. Micronodules (87%), large nodules (63%) and centrilobular
nodules (62%) were the most common HRCT findings. HRCT findings were observed in the right upper
(72%), left upper (56%), right lower (32%), and left lower lobes (29%). Cough (37%) and chest pain (32%)
were the most frequent symptoms at presentation.

Conclusions: There were no significant differences in the HRCT findings and clinical features between

the two groups. Thus, in cases of smear-negative and culture-negative PTB, the patient with compatible

clinical and radiological features should be considered for tuberculosis treatment.

Keywords: Smear; culture; negative; tuberculosis (TB); high resolution computed tomography (HRCT)

Submitted Oct 19, 2013. Accepted for publication Mar 26, 2014.

doi: 10.3978/j.iss1.2072-1439.2014.03.41

View this article at: http://dx.doi.org/10.3978/j.issn.2072-1439.2014.03 .41

Introduction

Tuberculosis (TB) is one the most common causes of
death from an infectious disease worldwide, after Human
Immunodeficiency Virus (HIV) infection, with an
estimated 8.7 million new cases of TB in 2011 (1). Turkey
is categorized as a low endemicity TB region according
to the World Health Organization (2). Nearly one-half to
one-third of the pulmonary tuberculosis (PTB) cases are
smear-negative, and approximately 1.9 million new PTB
cases were found to be smear-negative in 2011 (1). Smear
negativity in PTB is a common clinical problem leading
to serious delays in the establishment of a diagnosis. A
significant proportion of the patients treated for smear-
negative PTB never have bacteriological confirmation,
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even with improved culture methods. Therefore, most
cases of smear-negative PTB are diagnosed on the basis of
the clinical presentation, radiological findings and other
laboratory tests. It is an important decision whether to treat
a patient when the microbiological data does not support
the clinical suspicion. Thus, we decided to examine the
clinical features and high resolution computed tomography
(HRCT) findings of smear-negative P'TB patients at the
beginning of antituberculosis treatment and to compare the
findings of smear-negative, culture-positive PTB patients
with smear-negative and culture-negative PT'B patients.

Materials and methods

This was a retrospective cohort study conducted at the
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Pulmonary Department of Gulhane Military Medical
Academy Haydarpasa Training Hospital. It was approved
by the Ethics Review Board of our institution. Data of
patients who were diagnosed with smear-negative PTB
between January 2007 and December 2010 were reviewed.
All the patients had at least three negative sputum smear
reports for acid-fast bacillus (AFB) and/or two negative
gastric lavage and/or bronchoalveolar lavage AFB reports.
Mycobacterial cultures of all the specimens were performed
on both Lowenstein-Jensen solid medium and in the
BACTEC MGIT 960 liquid culture system (Becton,
Dickinson Microbiology System, Sparks, Shannon,
Ireland). A Gram stain and microorganism identification
was performed in all the samples according to standard
protocols to exclude pulmonary infections other than PTB.
Initially all of the patients were treated with a single course
of broad-spectrum antibiotics (excluding antituberculosis
drugs and fluoroquinolones) in order to exclude pulmonary
infections. Antituberculosis treatment was started if the
radiologic findings and clinical parameters were consistent
with active PTB. HRCTS were performed at the beginning
of the treatment and at the third month of the treatment
for follow-up. The patients who had negative cultures had
a thorough follow-up clinical and radiological evaluation
at the third month of therapy to determine whether
there had been a response that could be attributed to the
antituberculosis treatment.

The treatment was stopped in the patients who did
not have radiological and clinical improvement by the
third month. In these cases the radiological lesions were
considered to be inactive or sequelae.

All the patients completed the six months course of
antituberculosis therapy. No other etiology was defined.
The patients were divided into two groups according to
their culture results: smear-negative culture-positive and
smear-negative culture-negative. All the patients were newly
diagnosed smear-negative PTB cases without a previous
history of TB. The standard 6-month antituberculosis
treatment consisting of a 2-month initial phase of
rifampicin, isoniazid, pyrazinamide and ethambutol, and
a 4-month maintenance phase of rifampicin and isoniazid
was given to the patients via directly observed treatment
(DOTS).

Two radiologists, who were blinded to the culture and
clinical results, evaluated the initial HRCT and interpreted
the findings. If there was any disagreement between them,
their final consensus report was recorded. The HRCT
images were analyzed retrospectively for the morphology,
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number and lobar distribution of pulmonary lesions. The
HRCT was performed using the Aquilion One dynamic
volume CT (Toshiba, Japan) scanner, according to the Hi Rez
Chest HCT (0.5 mm) imaging protocol: 0.5 s rotation time,
pitch; fast, 120 kV, sure exposure standard mA, 0.5 mm x64
scan slice thickness. The descriptive terms used to interpret
the HRCT findings are as follows (3): micronodule (discrete,
small, round, focal opacity less than 3 mm), large nodule
(rounded or irregular opacity, well or poorly defined,
measuring 3 mm to 3 cm in diameter), centrilobular nodule,
tree-in-bud pattern, cavity, ground glass opacity, calcified
nodule, consolidation, mass (>3 cm), interlobular septal
thickening, bronchial wall thickening, bronchiectasis,
emphysema, mediastinal lymphadenopathy (LAP, >10 mm),
bulla, hilar LAP, calcified LAP and pleural thickening.

Number Cruncher Statistical Systems software (NCSS,
East Kaysville, Utah, USA) was used for the statistical
analysis in this study. The data are expressed as the means =
standard deviation (SD) for continuous data such as age. An
independent #-test was used to compare differences between
the groups for the continuous data. Pearson’s chi-square test
and Fisher’s exact test were used to compare the distribution
of the categorical data between the groups. Odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated.
A P value <0.05 was considered statistically significant.

Results

There were a total of 85 patients. Seven patients were
excluded from the study as they did not have radiological
and clinical improvement after three months of the
treatment, leaving 78 patients. There were 50 culture-
positive patients (Group 1) and 28 culture-negative patients
(Group 2). The patients (n=7) who had both a positive
AFB culture and a histopathological diagnosis (caseation
granulomatous inflammation) with surgical biopsy or
transbronchial lung biopsy were also included in Group 1.
No patients in our study population were HIV positive.

The mean patient-age was 22.48+3.18 years (range,
20-36 years). All the patients were male because the
study was performed in a military hospital. There was no
statistically significant difference in the mean age between
the two groups (P=0.793).

Cough was the most frequent symptom, being present
in 37% of the patients, followed by chest pain in 32%,
expectoration in 18%, hemoptysis in 10%, fever in 9% and
weight loss in 8% of the patients. There were no statistically
significant differences in symptoms between the two groups
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Table 1 Comparison of clinical and laboratory parameters

Caliskan et al. Smear-negative pulmonary tuberculosis

N [%]
P OR (95% Cl)
Group | [50] Group Il [28]
Clinical parameters
Mean age (years) 22.41+£3.39 22.61+2.83 0.793
Cough 17 [34] 12 [43] 0.437 0.69 (0.27-1.78)
Chest pain 16 [32] 9[32] 0.990 0.99 (0.37-2.68)
Expectoration 10 [20] 4[14] 0.528 1.50 (0.42-5.32)
Hemoptysis 5[10] 3 [11] 0.921 1.44 (0.26-7.98)
Fever 5[10] 2[7] 0.672 0.93 (0.20-4.20)
Weight loss 48] 2[7] 0.892 1.13 (0.19-6.60)
Laboratory parameters
WBC (billion cells/L) 8.22+2.61 7.85+2.47 0.548
ESR (mm/hr) 14.72+18.17 12.48+17.99 0.606

Data presented as no. [%], Mean +/- SD. OR, odds ratio; Cl, confidence interval; WBC, white blood cell; ESR, erythrocyte

sedimentation rate.

(P>0.05).

The clinical and laboratory data are presented in 7able 1.
There were no statistically significant differences in the
laboratory parameters between the two groups (P>0.05).
The most common HRCT findings were micronodules
(87%), large nodules (63%), and centrilobular nodules
(62%). The radiological data are presented in Table 2. Again,
there were no significant differences in the radiological
findings between the groups. The localization of the
radiological lesions was also evaluated. Radiological lesions
were observed in the right (72%) and left (56%) upper
lobes most frequently (7uble 3). There were no significant
differences in the distribution of lesions between the two
groups (P>0.05).

Discussion

The early diagnosis of PTB is critical for TB control.
Patients with active smear-negative P'T'B are also capable
of transmitting the infection (4). However, the diagnosis
of a patient with smear-negative PTB is difficult and
often delayed. In medical practice, only 68% of PTB are
culture-confirmed, but the clinical features and HRCT
findings of smear-negative and culture-negative PTB are
not well known. Presently the most important criteria for
establishing a presumptive diagnosis of smear negative
PTB are based on clinical findings, radiographic signs,
risk factors or a combination of these. In our study, we
investigated the use of the clinical features and HRCT
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findings to differentiate smear-negative culture-positive
PTB from smear-negative and culture-negative disease.
Cough was the most common symptom reported in both
groups. Other symptoms were chest pain, expectoration,
hemoptysis, fever and weight loss; Nakashi er 4/. also
reported that cough was seen in 83% of patients as the most
common symptom in smear-negative PTB (5). Chest pain
is a symptom for PTB and is related to pleural involvement.
This symptom was the second most common complaint in
both groups. Interestingly, Tozkoparan et /. found chest
pain to be the most common symptom (38%) for smear-
negative PTB and emphasized the significantly high
existence of chest pain in active smear-negative PTB (6).
Other related symptoms in our patients were expectoration,
hemoptysis, fever and weight loss. Our results showed
that smear-negative culture-positive PTB cannot be
discriminated from smear-negative and culture-negative
PT'B based on clinical symptoms and laboratory parameters.
The chest radiograph as a tool for the diagnosis of
active PTB is sensitive but limited by poor specificity (7).
HRCT may identify a finding of PTB not seen on a chest
radiograph (8). HRCT is usually recommended when the
radiographic findings are normal or inconclusive, and PTB
is suspected clinically, for the confirmation of diagnosis
and determination of activity. Investigators have tried to
design HRCT diagnostic criteria to rank the risk of P'TB
in patients with suspected PTB (5), and others have created
an active PTB prediction model based on HRCT findings
to differentiate smear-positive active PTB from other
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Table 2 Patient HRCT findings
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HRCT findings N [%] OR (95% Cl)
All [78] Group 1 [50] Group 2 [28]

Micronodules 68 [87] 43 [86] 25 [89] 0.677 0.73 (0.18-3.11)
Large nodules 49 [63] 33 [66] 16 [57] 0.437 1.45 (0.56-3.76)
Centrilobular nodules 48 [62] 33 [66] 15 [54] 0.279 1.68 (0.65-4.33)
TIB pattern 32 [41] 24 [48] 8[29] 0.094 2.30 (0.85-6.21)
BWT 28 [36] 18 [36] 10 [36] 0.980 1.01 (0.38-2.65)
Bronchiectasis 25 [32] 14 [28] 11 [39] 0.306 0.60 (0.22-1.59)
Mediastinal LAP 23 [29] 14 [28] 9[32] 0.700 0.82 (0.30-2.24)
Consolidation 22 [28] 15 [30] 7 [25] 0.638 1.28 (0.45-3.66)
Calcified nodule 22 [28] 11 [22] 11 [39] 0.104 0.43 (0.15-1.19)
Ground glass opacity 20 [26] 13 [26] 7 [25] 0.923 1.05 (0.37-3.05)
Cavity 20 [26] 11 [22] 9[32] 0.325 0.59 (0.22-1.68)
Hilar LAP 16 [21] 11 [22] 5[18] 0.664 1.30 (0.40-4.20)
Pleural thickening 16 [21] 9[18] 7 [25] 0.463 0.66 (0.21-2.02)
Calcified LAP 12 [15] 7[14] 5[18] 0.651 0.74 (0.21-2.62)
IST 10 [13] 8 [16] 2[7] 0.262 2.47 (0.49-12.57)
Mass 9[12] 7 [14] 2[7] 0.363 2.11 (0.41-10.97)
Emphysema 5 [6] 48] 1[4] 0.444 2.34 (0.25-22.1)
Bulla 3 [4] 2 [4] 1[4] 0.925 1.12 (0.90-12.9)

Data presented as no. [%]. HRCT, High resolution computerized tomography; OR, odds ratio; Cl, confidence interval; LAP,
lymphadenopathy; TIB, tree-in-bud; IST, interlobular septal thickening; BWT, bronchial wall thickening.

Table 3 Anatomic distribution of involved lobes with radiologic lesions

N [%]
P OR (95% ClI)
Group 1 [50] Group 2 [28]
Right upper lobe 35 [70] 21 [75] 0.638 0.78 (0.27-2.21)
Left upper lobe 30 [60] 14 [50] 0.393 1.50 (0.59-3.81)
Right lower lobe 17 [34] 8 [28] 0.622 1.29 (0.47-3.52)
Left lower lobe 17 [34] 6 [21] 0.243 1.89 (0.64-5.54)
Right middle lobe 9[18] 7 [25] 0.463 0.66 (0.21-2.01)

Data presented as no. [%]. OR, odds ratio; Cl, confidence interval.

pulmonary infections (9). There are several studies about
HRCT findings of smear-negative PTB and the role of
HRCT in predicting the activity of PTB (6,8,10), but no
previous studies have revealed the relationship between the
HRCT findings and the AFB culture results. We found that
micronodules, large nodules and centrilobular nodules were
the most common HRCT findings in our study in both
groups. The HRCT findings of smear-negative PTB were
compared with previous studies in Table 4.

Micronodules were the most common HRCT finding
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of smear-negative PTB in our study. The four most
common HRCT findings are presented in Figure 1. HRCT
enables the creation of a differential diagnosis of diffuse
micronodular lung disease by showing the distribution
of micronodules in and around the secondary pulmonary
lobule (13,14). HRCT findings of centrilobular nodules
or a predominant distribution of the micronodules in the
secondary lobule may help to distinguish bronchogenic
spread from miliary PTB (15). We found that the presence
of micronodules tended to be higher in Group 2, although
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Table 4 Comparison of HRCT findings with previous studies

HRCT findings Our study Nakanishi Lee JJ Yeh JJ Hatipoglu Tozkoparan Lai FM
(n:78) etal. (5) (n:47) etal (11) (n:52) etal. (9) (n:84) etal (10)(n:32) etal (6) (n:52) etal (12)(n:14)
Micronodules 87 - 100 - - 71° -
Large nodules 63 85 88? - 69° - -
CNs 62 86 - 51.2 91 73 93
TIB pattern 41 45 87 53.6 71 - 57
BWT 36 - - 82.1 44 - -
Bronchiectasis 32 21 29 - 56 63 64
Mediastinal LAP 29 - - - - 15 64
Consolidation 28 9 73 85.7 44 54 -
Calcified nodule 28 - - - - 37 -
Cavity 26 26 73 60.7 50 33 64
GGO 26 - 6 88.1 38 10 -
Pleural Thickening 21 = 54 = 63 = 36
IST 13 49 - 65.5 34 - 71
Mass 12 15 42 - - - -
Emphysema 6 = = = 44 6 =
Bulla 4 = 2 - - - -

Data presented as %. HRCT, high resolution computed tomography; CNs, centrilobular nodules; TIB, tree-in-bud; IST, interlobular septal
thickening; BWT, bronchial wall thickening; GGO, ground glass opacity. %, Large nodules are defined as nodules in the study; °, Large
nodules and micronodules are defined as nodules in the study; °, Micronodules and large nodules are defined as nodules in the studly.

8 Y W T e

n
3

PO i o

Lilelal

=
<
“
=
-

—
Figure 1 Some HRCT patterns. (A) Large nodule; (B) Micronodule; (C) Tree-in-bud pattern; (D) Centrilobular nodule.
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there was no statistically significant difference between the
groups. Micronodules are known as acute inflammatory
lesions and are one of the radiological lesions showing
active PTB (11). Lee et al. found that micronodules were
present in all of the patients with newly diagnosed and
bacteriogically proven PTB and were the most common
HRCT finding seen in active PTB, as in our study (11).
Micronodules are most often seen in the acute early
stages of PTB and consist of solid caseous material within
or around the terminal or respiratory bronchioles (16).
Matsuoka et al. reported that computed tomography
findings do not reliably discriminate between smear-
negative patients and those with very few AFB excreting
smear-positive patients, and the frequency of micronodules
did not significantly differ among the four groups of smear-
negative and smear- positive PTB (17). We suggest that
micronodules appear to be a useful radiologic HRCT
finding for both smear negative culture-positive and smear-
negative culture-negative PTB.

Centrilobular lesions on HRCT are highly sensitive and
specific for active PTB (12). The presence of centrilobular
nodules tended to be higher in Group 1 in our study, but
there was no statistically significant difference between the
two groups. Tozkoparan er /. showed that centrilobular
nodules were the most common HRCT finding and were
significantly more common in active smear-negative P'TB (6).
Hatipoglu et 4l. also found that centrilobular lesions or
branching linear structures, with a tree-in-bud appearance
and macronodules were most commonly seen in cases of
active PTB (10). If there is a clinical suspicion, an HRCT
can be used to show centrilobular lesions, which are the
most common findings of early bronchogenic spread (10).
Yeh et al. reported that the absence of centrilobular nodules
(51.2%) is one of the five variables that are independent
risk factors predictive of smear-positive, active P'TB (9).
Kosaka et 4l. determined that the frequency of centrilobular
opacities did not differ between smear-negative and smear-
positive PTB (18). We found large nodules in 63% of the
patients with smear-negative PTB. Nakanishi ez 4/ found
that large nodules were seen in 85% of the patients with
smear-negative culture-positive PTB, and large nodules
were significantly associated with an increase in the risk for
PTB (5). The presence of large nodules in Group 1 tended
to be greater in our study, but there was no significant
difference between the two groups.

We found a tree-in-bud pattern in 48% of the patients
with smear-negative culture-positive PTB and in 29% of the
patients with smear-negative culture-negative PTB. Tree-
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in-bud patterns on CT were first used by Im ez al. for the
endobronchial spread of PTB (16). The tree-in-bud pattern
is thought to be a reliable criterion for active disease, but not
pathognomonic for active PTB. Raniga et 4/. reported that the
tree-in-bud pattern, suggestive of endobronchial spread, and
hence active disease, was the most common and characteristic
of the findings on HRCT (8). Although the smear-negative
culture-positive group more frequently tended to have the
tree-in-bud pattern, there was no significant difference in the
tree-in-bud pattern between the two groups.

The radiologic findings of PTB occur in the apical or
posterior segment of the upper lobes in the majority of
adult patients and in the superior segment of the lower
lobes in others (19). In our study, the HRCT findings were
observed mainly in the right and left upper lobes. There
was no significant difference in the lobar predominance
(upper lobe vs. middle or lower lobes) between the groups.
Okutan ez a4l. also reported similar localizations on HRCT
in those patients with smear-negative culture-negative PTB
requiring a histopathological examination (20).

The main limitation in this study was the lack of HIV
positive patients. Smear-negative PTB is more common
among HIV positive patients (21). The HRCT findings
of HIV positive patients with smear-negative PTB may be
different or atypical (21,22). Other medical conditions may
be misdiagnosed as smear-negative PTB and may complicate
the clinical diagnosis of PTB in HIV positive patients (23).
Reader experience is also another limitation in our study.

Conclusions

Significant differences were not observed in the HRCT
findings and clinical features of smear-negative culture-
positive and smear-negative culture-negative PTB patients.
We conclude that it is not possible to predict those patients
whose culture specimens will ultimately prove to be positive
among those patients with smear-negative PTB according
to their clinical features and HRCT findings. Additionally,
the HRCT and clinical features were suboptimal for
distinguishing smear-negative culture-positive PTB from
smear-negative culture-negative PTB in this study. Thus,
in cases of smear-negative and culture-negative PTB, the
patient with compatible clinical and radiological features
should be considered for tuberculosis treatment.
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