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ABSTRACT

Despite global efforts to eliminate tuberculosis, the disease remains of huge global pub-
lic health problem. Prompt and accurate diagnosis of pulmonary tuberculosis is essen-
tial to ensure appropriate therapy. Chest radiography, sputum smear microscopy, myco-
bacterial culture, and nucleic acid amplification test are essential diagnostic elements,
and appropriate use of recently introduced molecular tests and chest computed tomo-
graphy could improve the accuracy of early diagnosis.
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INTRODUCTION

Tuberculosis (TB) continues to be one of the greatest challenges to global health. In 2015, 10.4
million people were estimated to have developed TB and 1.4 million died of the disease [1]. Of
these 10.4 million new cases, 56% were men, 34% were women, and 10% were children. Peo-
ple with human immunodeficiency virus (HIV) accounted for 1.2 million (11%) of all new TB
cases, and although the number of TB associated deaths fell by 22% between 2000 and 2015,
TB remained one of the top 10 causes of death worldwide in 2015.

TB cases of 40,847 were notified in South Korea in 2015, and an annual incidence of TB is 80
per 100,000 of the population, which is much higher than its reported incidences in Japan (17
per 100,000) and the USA (3.2 per 100,000) [1]. Among high-income countries, South Korea stands
out in terms of its TB burden, despite its astonishing rate of economic development [2].

Prompt diagnosis of TB is essential for community public infection control and for ensuring
the appropriate therapy. Mycobacterium tuberculosis culture from specimen is the cornerstone
of diagnosis, but mycobacterial culture take considerable time (2 to 6 weeks) to produce results
[3]. Acid-fast staining of sputum samples from patients with suspected pulmonary TB, confers
cost and time benefits, but its diagnostic sensitivity and specificity are poor [4]. To overcome
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the shortcomings of mycobacterial culture and acid-fast stain-
ing, several new molecular and non-molecular assays have
been introduced for early TB detection. Chest radiography is
useful for the diagnosis of pulmonary TB, but not specific,
and chest computed tomography (CT) imaging can also be
helpful, especially in inconclusive cases.

In this review, we summarize the current concept of TB man-
ifestation and recent technical advances in the diagnosis, and
provide an overview of Korean experience regarding the di-
agnosis of pulmonary TB.

DEVELOPMENT OF TUBERCULOSIS

Development of infection

M. tuberculosis is transmitted from person to person by drop-
let nuclei containing the organism and spread mainly by cough-
ing. In most cases, the initial infection is clinically silent be-
cause host immunity adequately limits further multiplication
of bacilli [5].

However, in about 5% of infected individuals, immunity
against tuberculous bacilli is inadequate and clinically active
disease develops within 1 year of infection, a condition known
as progressive primary TB [6]. Risk factors for progressive pri-
mary disease include immunosuppression (especially HIV in-
fection), extremes of age, or a large inoculation of mycobac-
teria. However, in most infected individuals, TB remains clin-
ically and microbiologically latent for many years. This con-
dition, known as latent TB infection, may be detectable only
by a positive tuberculin skin test or interferon y release assay
result, or by the presence of radiologically identifiable calcifi-
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cation at the site of primary lung infection or in regional lymph
nodes [7]. In approximately 5% of those with a latent TB in-
fection, endogenous reactivation of the infection or reinfec-
tion by new strains develops many years after initial infection
[8]. Conditions such as suppression of cellular immunity by
HIV infection, tumor necrosis factor-a inhibitors, glucocorti-
coids, organ or hematologic transplantation, and end-stage
renal disease increase the risk of postprimary TB develop-
ment [9].

Current concept of the disease manifestation

Patients who develop disease after initial exposure are con-
sidered to have primary TB, whereas patients who develop
disease as a result of reactivation of a remote infection are
considered to have postprimary or reactivated TB. Tradition-
ally, it was believed that the clinical, pathologic, and radio-
logic manifestations of postprimary TB from remote infec-
tion were quite different from those of primary TB from re-
cent infection. However, several studies based on DNA fin-
gerprinting suggest that the radiographic features are often
similar in patients who have primary disease and those who
have postprimary TB[10]. In addition, imaging study revealed
that the most common radiographic findings in primary pul-
monary TB by recent infection in previously healthy adoles-
cents were consolidation, nodules, and cavities in the upper
lung, which were thought to be typical radiographic findings
of pulmonary TB reactivation by remote infection [11]. Time
from acquisition of infection to development of clinical dis-
ease does not reliably predict the radiographic appearance
of TB. The only independent predictor of radiographic ap-
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Fig. 1. Traditional and current concepts of tuberculosis (TB) development. The manifestation of pulmonary TB depends on host immunity

rather than on time elapsed after initial infection.
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pearance is integrity of host immune response [12]. Immuno-
competent patients tend to show parenchymal granuloma-
tous inflammation with slowly progressive nodularity and
cavitation, whereas immunocompromised patients have a
tendency to develop lymphadenopathy, lower lobe paren-
chymal consolidation, miliary dissemination, and pleural ef-
fusion. These observations suggest that the radiographic pre-
sentations of primary and postprimary pulmonary TB depend
on host immunity against M. tuberculosis rather than time
elapsed after initial infection (Fig. 1).

DIAGNOSIS OF TUBERCULOSIS

Sputum smear microscopy

Direct sputum smear microscopy and mycobacterial culture
are the most widely used methods for diagnosing pulmonary
TB [3]. Korean guidelines recommend multiple sputum sam-
ples should be taken (at least two and possibly three) [13].
Conventional light microscopy of Ziehl-Neelsen stained smears
and fluorescence microscopy are commonly used to diag-
nose TB, but the sensitivity of smear microscopy is low. On
the other hand, fluorescence microscopy is more sensitive
than Ziehl-Neelsen staining and takes less time, but has high
associated maintenance costs [4]. Recently, light emitting di-
odes microscopy was introduced and reported to be more
sensitive than conventional methods, and the World Health
Organization (WHO) has endorsed its use in as an alternative
to conventional Ziehl-Neelsen staining [14]. Besides the prob-
lem of low sensitivity, sputum smear microscopy is limited
by its inability to differentiate M. tuberculosis and nontuber-
culous mycobacteria (NTM). Because the prevalence of NTM
lung disease is increasing in many countries including South
Korea [15-18], clinicians should be aware of the possibility of
NTM as well as M. tuberculosis when confronted with posi-
tive acid-fast staining results.

Mycobacterial culture

Culture of M. tuberculosis is used to confirm a diagnosis of
TB and is also needed for drug susceptibility testing (DST) [3].
Mycobacterial culture is much more sensitive than sputum
smear, but mycobacterial culture on solid medium requires 4
to 8 weeks for interpretation. Korean researchers have report-
ed when solid culture medium is used, median time from ini-
tiation of anti-TB treatment to receipt of mycobacterial cul-
ture results by clinicians was 37 days and that median time
from treatment initiation to confirmation of DST by request-
ing clinicians was as much as 80.5 days [19]. This observation

https://doi.org/10.23838/pfm.2017.00114

indicates clinicians received DST results more than 2 months
after initiating treatment.

Mycobacterial culture on liquid medium is significantly fast-
er (10 to 14 days) than that on solid medium. Automatic de-
tection tools, such as the Bactec Mycobacterial Growth Indi-
cator Tube 960 (MGIT 960, Becton-Dickinson, Sparks, MD, USA)
or BacT/ALERT (bioMérieux S.A., Marcy U’Etoile, France) have
been used, but they need a stable electricity supply, techni-
cal support, and expensive reagents. Cross-contamination of
M. tuberculosis by NTM or other bacteria is another potential
problem. Contamination rates by other bacteria have been
reported to be as high as 30% [20]. Current Korean guidelines
recommend that all specimens be cultured on both solid and
liquid media to enhance test sensitivity [13].

DSTs that use automated liquid culture system for first line
drugs are also available. The Bactec MGIT 960 has been vali-
dated to provide susceptibility results for streptomycin, iso-
niazid, rifampicin, and ethambutol (SIRE) kit and pyrazin-
amide (PZA) kit. Sensitivity and specificity of this system for
detecting rifampin resistance were 99% to 100% and 97% to
100%, respectively, and those for isoniazid resistance were
95% to 100% and 100%, respectively. Median turnaround
time for the SIRE kit was 5.5 to 8.3 days and for the PZA kit
was 5 to 8.2 days [21]. The BacT/ALERT system also provides
drug susceptibility results for the same drugs. Its sensitivity
and specificity for detecting rifampin resistance were report-
ed to be 99% to 100% and 92% to 100%, respectively, and
those for isoniazid resistance were 100% and 88% to 100%,
respectively. Median turnaround times for the SIRE and PZA
kits were 5to 8.2 and 5 to 7.4 days, respectively [21].

Microscopic-observation drug-susceptibility assay
The microscopic-observation drug-susceptibility (MODS) as-
say is an accurate, inexpensive, liquid culture-based diagnos-
tic test that has been endorsed by the WHO for the rapid screen-
ing of patients suspected of having multidrug-resistant (MDR)-
TB [22]. This assay is based on M. tuberculosis culture in Mid-
dlebrook 7H9 liquid broth in four-well columns in a 24-micro-
titer well plate. The first two wells are drug-free, the third
well contains 100 pL isoniazid at a concentration of 0.1 or 0.4
pg/mL, and the fourth well contains rifampicin at 1 ug/mL.
Plates are incubated at 37°C and examined using an inverted
light microscope at 340 magnification daily from days 4 to
21, and weekly thereafter until day 40. Positive MODS cul-
tures are defined by the presence of characteristic cord for-
mation when growth is detected [23].

For rifampicin resistance, pooled estimates for the MODS
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assay were 98.0% for sensitivity and 99.4% (range, 95.7% to
99.9%) for specificity. For isoniazid resistance with a 0.1 ug/mL
cutoff, pooled sensitivity was 97.7% (range, 94.4% to 99.1%)
and pooled specificity was 95.8% (range, 88.1% to 98.6%), but
with a 0.4 pug/mL cutoff, sensitivity was decreased to 90.0%
(range, 84.5% to 93.7%) and specificity was increased to 98.6%
(range, 96.9% to 99.4%). Mean turnaround time was 9.9 days
(95% confidence interval, 4.1 to 15.8 days) [24].

Although the MODS assay is inexpensive and provides ac-
curate results, it has not been used widely in South Korea be-
cause the procedure involved is labor-intensive.

Molecular methods

Nucleic acid amplification testing

Nucleic acid amplification tests (NAATs) are based on molec-
ular techniques and are used to detect M. tuberculosis by de-
tecting and amplifying its RNA or DNA. Of the NAATSs described,
polymerase chain reaction (PCR) is most commonly used.
NAATSs for the diagnosis of TB are performed using commer-
cial kits as well as “in-house” test protocols developed in a
non-commercial laboratory. The pooled sensitivity of com-

mercial NAATs, based on the results of 125 studies, was 85%
(range, 36% to 100%) and their pooled specificity was 97%
(range, 54% to 100%) [25]. The diagnostic accuracies of PCR
tests for smear negative pulmonary TB are also acceptable
with reported overall sensitivity and specificity of 72% and
0.96%, respectively [26]. NAATs are also valuable because
they can differentiate M. tuberculosis from NTM in specimen
with a positive acid-fast staining.

The Xpert MTB/RIF assay
The Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA) is a
rapid, automated, and cartridge-based NAAT that can detect
TB along with rifampicin resistance directly from sputum with-
in 2 hours of collection [27]. In a recent study, the Xpert MTB/
RIF assay was found to have a sensitivity of 98.2% in sputum
smear-positive TB cases and of 72.5% in smear-negative TB
cases for the detection of M. tuberculosis [28]. Its sensitivity
and specificity for rifampicin resistance were 97.6% and 98.1%,
respectively.

A Korean study conducted in a clinical setting, reported a
sensitivity and specificity of 79.5% and 100.0%, respectively,

— ot -

Fig. 2. Pulmonary tuberculosis in a 42-year-old woman with typical radiographic findings. (A) Chest radiograph shows multiple small nodules
and patchy consolidation in right upper lung and both middle lung zones. (B, C) Computed tomography scans obtained at levels of trachea

and right middle lobar bronchus show cavitary nodules, lobular consolidation, centrilobular nodules and the tree-in-bud pattern in both
upper lobes and the superior segment of right lower lobe.
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for the Xpert MTB/RIF assay for a diagnosis of pulmonary TB.
For patients with smear positive pulmonary TB, the sensitivi-
ty of the Xpert MTB/RIF assay using sputum specimens was
88.9%, and its sensitivity for patients with smear negative TB
was 73.1%. The median turnaround time of the assay to the
report of results and to confirmation of results by physicians
in outpatient settings were 0 day (range, 0 to 1 day) and 6 days
(range, 3 to 7 days), respectively [29]. When using broncho-
scopic specimens from patients that could not expectorate
sputum, the sensitivity and specificity of the Xpert RIF/MTB
assay were 81.6% and 100%, respectively. The sensitivity of
this assay is much higher than that of acid fast bacilli smear
microscopy, which was reported to be only 13.2% [30].

&
¥

The Xpert MTB/RIF assay can also be used to detect rifamp-
in resistance. In a Korean study, the sensitivity and specificity
of the assay for detecting rifampin resistance were 100% and
98.7%, respectively, and its positive and negative predictive
values were 86.2% and 100%, respectively. Furthermore, the
positive predictive value of the Xpert MTB/RIF assay for MDR-
TB diagnosis was found to be 79.3% [31].

Line probe assay for diagnosis of drug resistance

Line probe assays (LPAs) provide rapid molecular means for
detecting M. tuberculosis and drug resistance. Although LPAs
are more complicated and require more time than the Xpert
MTB/RIF assay, they provide information on isoniazid and ri-

Fig. 3. Tuberculous lymphadenitis and pleurisy in a 28-year-old man with human immunodeficiency virus infection. (A) Chest radiograph
shows right hilar enlargement and right pleural effusion. (B, C, D) Serial chest computed tomography images demonstrate right paratracheal,
subcarinal, hilar, and peribronchial lymph nodes enlargement with central low attenuation and peripheral rim enhancement. Also note multi-
ple necrotic pleural nodules (arrows) with homogeneous pleural enhancement in the right anterior hemithorax.
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PRECISION AND FUTURE IEDICINE
The diagnosis of pulmonary tuberculosis

fampicin resistance by identifying mutations in the rpoB, katG,
and inhA genes. According to a recent meta-analysis, the pool-
ed sensitivity and specificity for rifampin resistance of LPAs
were 96.7% (range, 95.6% to 97.5%) and 98.8% (range, 98.2%
t0 99.2%) and for isoniazid resistance were 90.2% (range, 88.2%
t091.9%) and 99.2% (range, 98.7% to 99.5%) [32].

A recent LPA (Genotype MTBDRsl assay, Hain Lifescience
GmbH, Nehren, Germany) provides resistance profiles to 2nd
line anti-TB drugs. For version 1.0 of the Genotype MTBDRsl
assay, pooled sensitivity and specificity for fluoroquinolone
resistance were 85.6% (range, 79.2% to 90.4%) and 98.5%
(range, 95.7% to 99.5%) for M. tuberculosis colonies, and 86.2%
(range, 74.6% to 93.0%) and 98.6% (range, 96.9% to 99.4%)
for smear-positive specimens. In addition, pooled sensitivity
and specificity for resistance to 2nd line injectable drugs were
76.5% (range, 63.3% to 86.0%) and 99.1% (range, 97.3% to

Table 1. Characteristic CT findings of pulmonary TB

99.7%) for M. tuberculosis colonies, and 87.0% (range, 38.1%
t098.6%) and 99.5% (range, 93.6% to 100.0%) for smear-pos-
itive specimens [33].

Changes in diagnostic methods for tuberculosis in
practice

Back in the early 2000’s, TB treatment was started based on
clinical and radiographic suspicion in most South Korean pa-
tients. One Korean study reported that diagnosis of TB was
confirmed based on clinical and radiographic features in only
one-thirds of patients with presumptive TB [34].

However, diagnostic methods for TB that prompt the initia-
tion of TB treatment in practice have changed as new tests
have been introduced. Ahn et al. [35] reported a greater pro-
portion of patients were diagnosed with pulmonary TB using
NAAT, and that more patients were diagnosed using bron-

Site CT findings
Parenchyma
Active TB Centrilobular nodules, tree-in-buds pattern, patchy or lobular consolidation, cavity, CT galaxy sign”, lower lobe consolidation”

Tuberculoma Smoothly marginated nodule, no enhancement or ring like enhancement

Miliary TB 1-3 mm diameter nodule with random distribution, thickening of interlobular septa or intralobular interstitial lines
Lymph node Central areas of low attenuation with peripheral rim enhancement
Airway Circumferential wall thickening and luminal narrowing, with involvement of a long segment of the bronchi
Pleura Pleural effusion with smooth thickening of the visceral and parietal pleural surfaces

CT, computed tomography; TB, tuberculosis.

“Clusters of small nodules or the tree-in-bud pattern; "Considered as atypical findings and usually present in immunocompromised patients.

Fig. 4. Miliary tuberculosis in a 21-year-old woman. (A) Chest computed tomography scan obtained at level of right intermediate bronchus
shows multiple perifissural nodules and miliary nodules with random distribution in right lung. (B) Photomicrograph of a pathologic specimen
obtained by transbronchial lung biopsy discloses numerous granulomas (G) with random distribution (H&E stain, X40). PV, pulmonary vein.
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choscopic specimens in 2013 than in 2005. Consequently,
the proportion of patients clinically diagnosed with pulmo-
nary TB was lower in 2013 than in 2005 [35].

Imaging studies

Chest radiography

Chest radiographs play an important role in the screening
and diagnosis of pulmonary TB. The typical radiographic find-

ings of pulmonary TB in immunocompetent hosts consist of
focal or patchy heterogeneous consolidation involving the
apical and posterior segments of upper lobes and the superi-
or segments of lower lobes (Fig. 2) [36,37]. Another common
finding includes poorly defined nodules and linear opacities.
Single or multiple cavities are radiographically evident in 20%
to 45% of patients [36,37]. However, radiographs may be nor-
mal or show only mild or nonspecific findings in patients with

Fig. 5. Bronchial tuberculosis in a 26-year-old woman. (A) Chest radiograph shows left perihilar increased opacity and elevation of left hilum,
suggesting left upper lobe atelectasis. (B, C) Axial and coronal reformatted images of chest computed tomography scan show diffuse wall
thickening of left main bronchus with left upper lobe atelectasis. (D) Bronchoscopy demonstrates narrowing of the left main bronchus, which
was covered with whitish exudates.

https://doi.org/10.23838/pfm.2017.00114
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active disease. Actually, initial radiographic diagnoses of TB
are correct in only 49% of cases [38].

In immunocompromised hosts, pulmonary TB manifests as
miliary TB, hilar or mediastinal lymphadenopathy, and pleu-
ral effusion on chest radiographs (Fig. 3) [10]. Pleural effusion,
typically unilateral, occurs in 15% to 20% of patients [39]. Al-
though pleural effusion is usually associated with parenchy-
mal abnormalities, it may be the only radiological manifesta-
tion of TB.

Computed tomography

CT is more sensitive than chest radiography for the detection
and characterization of subtle parenchymal disease and me-
diastinal lymphadenopathy. With CT, a diagnosis of pulmo-
nary TB is correct in 91% of patients and TB is correctly ex-
cluded in 76% of patients [40]. CT is particularly helpful in the
detection of small foci of cavitation in areas of confluent pneu-
monia and in areas of dense nodularity and scarring [40,41].
For example, in one study of 41 patients with active TB, CT
depicted cavities in 58%, whereas chest radiographs showed
cavities in only 22% [42]. CT is also useful for determining
disease activity. In one study of 146 TB patients, 80% with ac-
tive disease and 89% with inactive disease were correctly dif-
ferentiated by high-resolution CT [40]. In addition, CT plays
an important role in the detection of pleural or mediastinal
complications and in the management of TB by demonstrat-
ing sites of cavitation and the extent of active disease [12].

Table 1 summarizes the characteristic CT findings of paren-
chymal, lymph node, airway, and pleural TB (Figs. 2-6) [12,
41,43-47].

New imaging modalities

CT has many advantages for detecting TB lesions and for de-
termining disease activity, but both radiation dose and cost
of CT limit its diagnostic use. New imaging modalities, such
as, dual-energy subtraction digital radiography (DES-DR) and
digital tomosynthesis (DTS) have better diagnostic perfor-
mances than chest radiography, particularly for the detec-
tion of cavity and centrilobular nodules, and reduce radia-
tion hazards associated with repeated CT examinations (Fig.
7). In a comparative study on the diagnostic performances of
DES-DR, DTS, and DR, DTS performed better than DES-DR
and DR at detecting cavitation (sensitivities of DTS, DES-DR,
and DR were 100%, 90.3%, and 67.7%, respectively) and nod-
ules (sensitivities were 98.4%, 90.2%, and 82%, respectively)
[48].

DIAGNOSTIC ALGORITHMS FOR PULMO-
NARY TUBERCULOSIS

Patients suspected of having TB should be referred for medi-
cal evaluation. Chest radiographs and multiple sputum sam-
ples, for smear microscopy and culture, should be obtained
as initial diagnostic steps [13]. In some cases, chest CT scan

Fig. 6. Tuberculous pleurisy in a 16-year-old girl. (A) Chest radiograph shows left pleural effusion. (B) Chest computed tomography scan
obtained at level of left atrium demonstrates left pleural effusion with homogeneous parietal pleural enhancement (arrow). Note the mass-
like consolidation in the left lower lobe (arrowhead), suggestive of tuberculous pneumonia.
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Fig. 7. Multi-drug resistant pulmonary tuberculosis in a 75-year-old man. (A) Chest radiograph shows traction bronchiectasis in the left lung
with apical pleural thickening. (B) Chest digital tomosynthesis demonstrate a clearly visible cavitary lesion within the same lesion seen on
the chest radiograph (arrows).

aids the identification of a TB lesion or another disease. NAAT
can rapidly confirm a TB diagnosis and distinguish M. tuber-
culosis from non-tuberculous mycobacteria. In particular, the
Xpert MTB/RIF assay could provide a rapid diagnosis and de-
termine the presence of rifampicin resistance within 2 hours.

Mycobacterial culture on both solid and liquid media should
be performed to confirm diagnoses and to determine drug
susceptibilities, and the line-probe assay is useful for detect-
ing resistance to 1st and 2nd line anti-TB drugs in patients
with a high risk of drug resistance.

CONCLUSION

TB remains a global health concern. Accurate and rapid diag-
nosis of TB and the determination of drug resistance using
bacterial, molecular, and radiographic evaluations are criti-
cal for adequate treatment and for protecting communities.
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