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Background: Diagnostic methods for pulmonary tuberculosis (TB) have recently advanced. The aim of this study was to
evaluate the changes in TB diagnostic tests that prompted the initiation of anti-TB treatment over time in South Korea, an
industrialized country with an intermediate TB burden.

Methods: Patients diagnosed with pulmonary TB in the first halves of 2005 and 2013 at a tertiary referral hospital were
included. Diagnostic methods that prompted the initiation of anti-TB treatment were compared between the 2 groups of
patients.

Results: A greater proportion of patients were diagnosed with pulmonary TB using bronchoscopy in 2013 than in 2005
(26.7% vs. 6.6%, respectively; p<0.001), while the proportion of patients clinically diagnosed with pulmonary TB was
lower in 2013 than in 2005 (24.7% vs. 49.0%, respectively; p<0.001). Additionally, more patients started anti-TB treatment
based on positive polymerase chain reaction (PCR) results for Mycobacterium tuberculosis DNA in 2013 than in 2005
(47.3% vs. 7.9%, respectively; p<0.001).

Conclusion: The initiation of treatment for pulmonary TB in South Korea has become more frequently based on PCR
and the use of bronchoscopic specimens.
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Introduction

The worldwide disease burden of tuberculosis (TB) is con-
siderable, with newly reported cases in 2012 estimated at 8.6
million'. The incidence, prevalence and mortality rates of TB
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in South Korea are the highest of all Organization for Eco-
nomic Co-operation and Development (OECD) nations” with
36,089 patients (71.4 per 100,000 population) in 2013°. Early
and accurate detection of pulmonary TB is important for the
timely initiation of treatment, and prevention of TB transmis-
sion’. Diagnostic methods for pulmonary TB have evolved
over time, commensurate with the increasing availability of
molecular diagnostic methods, as well as the introduction of
procedures such as bronchoscopy.

Acid-fast staining, of sputum in patients with suspected pul-
monary TB, confers cost and processing time benefits, but has
low diagnostic sensitivity and specificity’. Mycobacterial cul-
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ture on solid medium has good sensitivity and specificity, but
is not facilitative for early diagnosis due to its protracted pro-
cessing time’. To overcome the disadvantages of traditional
diagnostic methods, mycobacterial culture on liquid medium
with a reduced incubation period of between 2 and 3 weeks’,
and nucleic acid amplification methods, including the Xpert
MTB/RIF assay, have been introduced”.

The aim of this study was to evaluate changes in TB diag-
nostic testing (which have prompted the initiation of anti-TB
treatment) in South Korea, a high-income country in which
the TB burden is intermediate.

Materials and Methods

1. Inclusion criteria and data collection

Patients diagnosed with pulmonary TB in the first 6 months
(i.e, between January 1 and June 30) of 2005 or 2013, at Seoul
National University Hospital (a university-affiliated tertiary
referral hospital in South Korea) were included in this study.
The study protocol was approved by the Institutional Review
Board of Seoul National University Hospital.

2. Review of clinical findings and laboratory tests

We retrospectively reviewed the demographic and clinical
characteristics of patients, including age, gender, and body
mass index (BMI). In addition, we checked for the presence of
previous TB, malignancy, diabetes mellitus, immunosuppres-
sive drug therapy, solid organ transplantation, chronic kidney
disease, chronic liver disease, and Hepatocyte growth fac-
tor, human immunodeficiency virus infection. The results of
histopathological examinations and microbiological studies,
including acid-fast bacilli (AFB) staining, mycobacterial cul-
tures, and drug susceptibility tests, were also reviewed. Chest
radiographs were reviewed for the presence of cavities, and to
assess the extent of involvement.

3. Classification of diagnostic methods

The diagnostic methods applied to the two TB patient co-
horts were compared. Diagnostic methods that prompted
anti-TB medication initiation were classified into the following
four groups:

1) Sputum-based diagnosis

— Positive staining for AFB

- Negative AFB but positive polymerase chain reaction
(PCR) for Mycobacterium tuberculosis (MTB)

- Negative AFB but positive culture of MTB
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2) Bronchoscopic specimen-based diagnosis
- Positive staining for AFB

- Negative AFB but positive PCR for MTB

- Negative AFB but positive culture of MTB

3) Pathological diagnosis

- Presence of caseating granulomas or positive AFB stain-
ing, or positive PCR for MTB DNA, or growth of MTB
from tissue

4) Clinical diagnosis
- Physical findings (i.e., cough, generally of 2-3-week dura-
tion, lymphadenopathy, fevers, night sweats, weight loss)
and radiographic features consistent with pulmonary TB
Patients were additionally classified based on the type of
specimen from which MTB was cultured.

4. Statistical analysis

Group comparisons of demographic characteristics, labora-
tory results, and radiographic findings were performed using
Pearson’s chi-square test or Fisher exact test for categorical
variables, and Student’s t test for continuous variables. To elu-
cidate changes in diagnostic tools, Pearson’s chi-square test or
Fisher exact test was applied. A value of p<0.05 was taken to
indicate statistical significance. All analyses were performed
using the SPSS version 21 (IBM Corp., Armonk, NY, USA).

Results

1. Demographic and clinical characteristics of patients

During the first 6 months of 2005 and 2013, 150 and 151
patients, respectively, were diagnosed and treated for pulmo-
nary TB at Seoul National University Hospital. The median
age of TB patients in the 2005 group was 52 years; 88 of these
patients (58%) were male. The median age of TB patients in
the 2013 group was 53 years, of whom 91 (61%) were male.
There were no group differences in BMI, past treatment of
TB, or radiographic characteristics. However, malignancy was
more common in the 2013 cohort compared with the 2005
cohort (16.7% vs. 2.6%, p<0.001) (Table 1).

2. Diagnostic methods prompting use of anti-TB
medication

Of the 151 TB patients diagnosed in 2005, 47 (31.1%) were
initially diagnosed based on their sputum study results: 10
(6.6%) others were diagnosed based on their bronchoscopic
specimens. Among them, eight patients submitted sputum for
AFB staining and mycobacterial culture. In 20 patients (13.2%),
anti-TB treatment was initiated based on pathological diagno-
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Table 1. Demographic and clinical characteristics of patients in 2005 and 2013
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Characteristic 2005 (n=151) 2013 (n=150) p-value

Age, yr 53.11 (36-68) 53.27 (39-69) 0.943
Male 88 (58.2) 91 (60.7) 0.673
Body mass index, kg/m® 21.03 (19.6-22.8) 21.25(19.1-24,1) 0.626
Past treatment of tuberculosis 31 (20.5) 34 (22.7) 0.652
Comorbidities

On immunosuppressant 7 (4.6) 14 (9.3) 0.11

Malignancy 4(2.6) 25(16.7) <0.001

Diabetes 20 (13.2) 26 (17.3) 0.324

Chronic liver disease 7(4.6) 8(5.3) 0.781

Chronic kidney disease 6(4) 6(4) 0.991

HIV/AIDS 1(0) 0 1

Transplantation 0 1(0) 0.996
Radiologic findings

Presence of cavity 38(25.2) 41(27.3) 0.768

Bilateral lesions 57(37.7) 51(34) 0.470
Drug resistance 0.923

None 144 (95.4) 142 (94.6)

Non-MDR drug resistance 4(2.6) 4(2.7)

MDR (or XDR) 3(2) 4(27)

Values are presented as median (interquartile range) or number (%).

HIV: human immunodeficiency virus; AIDS: acquired immune deficiency syndrome; MDR: multidrug-resistant; XDR: extensively-drug

resistant.

sis; for the remaining 74 patients (49%), treatment was initi-
ated based on clinical diagnosis (Table 2). Among these 74
patients, 51 submitted their sputum but none of them showed
result for positive AFB staining.

Of the 150 patients in 2013, 59 (39%) were diagnosed
based on their sputum study results: 40 others (26.7%) were
diagnosed based on their bronchoscopic specimens. Among
them, 15 patients submitted sputum for AFB staining and my-
cobacterial culture. Fourteen patients (9.3%) were diagnosed
following pathologic examination; the remaining 37 (24.7%)
were diagnosed clinically (Table 2). Among these 37 patients,
25 submitted their sputum but none of them showed positive
AFB staining.

Compared to the 2005 cohort, the proportion of TB patients
diagnosed using bronchoscopy increased in 2013 (6.6% vs.
26.7%, p<0.001), whereas the proportion of clinically diag-
nosed TB cases decreased (49.0% vs. 24.7%, p<0.001). In addi-
tion, more patients in 2013, vs. 2005, had PCR results confirm-
ing TB infection prior to treatment commencement (47.3% vs.
7.9%, p<0.002).
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3. Results of M.TB culture

In 2005, MTB was cultured from sputum in 91 patients
(60.3%); from bronchial washes in four patients (2.6%); and
from biopsy specimens in six patients (4%). In total, MTB was
cultured from 101 patients (66.9%) in whom anti-TB medi-
cations had been initiated. In 2013, MTB was cultured from
sputum in 70 patients (46.7%); from bronchial washing in 27
patients (18%); and from biopsy specimens in two patients
(13%). In total, MTB was cultured from 99 patients (66.0%) in
whom anti-TB medications were initiated (Table 3).

Although the proportion of TB patients in whom MTB was
cultured did not differ (p=0.870), MTB was cultured more
frequently from bronchoscopic specimens in 2013 compared
with 2005 (18.0% vs. 2.6%, p<0.001) (Table 3).

Discussion

In the present study, the diagnostic methods used for pul-
monary TB in the first 6 months of 2005 and 2013 were com-
pared. More TB patients were diagnosed using bronchoscopy
in 2013 compared with 2005. Additionally, more patients re-
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Table 2. Diagnostic methods for the initiation of anti-tuberculosis medication in 2005 and 2013

Diagnosis 2005 (n=151) 2013 (n=150)
Sputum-based diagnosis 47 (31.1) 59 (39)
Positive staining for acid-fast bacilli
Positive PCR for Mycobacterium tuberculosis 0 13
Negative PCR for M. tuberculosis 2 1
PCR not performed 32 14
Negative AFB but positive PCR for M. tuberculosis 3 20
Negative AFB but positive culture of M. tuberculosis 10 11
Bronchoscopic specimen-based diagnosis 10 (6.6) 40 (26.7)
Positive staining for AFB
Positive PCR for M. tuberculosis 2 6
Negative PCR for M. tuberculosis 0
PCR not performed 1 0
Negative AFB but positive PCR for M. tuberculosis 7 32
Negative AFB but positive culture of M. tuberculosis 0 2
Pathological diagnosis 20 (13.2) 14 (9.3)
Clinical diagnosis 74 (49) 37(24.7)
Values are presented as number (%).
PCR: polymerase chain reaction; AFB: acid-fast bacilli.
Table 3. Specimen types from which Mycobacterium tuberculosis was cultured in 2005 and 2013
Type 2005 (n=151) 2013 (n=150) p-value
Cultured from sputum 91 (60.3) 70 (46.7) 0.021
Cultured from bronchoscopic specimen 4(2.6) 27(18) <0.001
Cultured from biopsy 6(4) 2(13) 0.282
No growth 50 (33.1) 51 (34) 0.903

Values are presented as number (%).

ceived anti-TB treatments based upon the results of PCR, for
MTB DNA, in 2013. Conversely, the proportion of TB patients
clinically diagnosed without bacteriological confirmation de-
creased in 2013, compared with 2005.

The utility of nucleic acid amplification tests, including PCR,
is well-established: guidelines recommend using this method
in cases of suspected TB*. Due to its good sensitivity and ra-
pidity for detection of MTB and rifampin resistance in sputum
samples'™"" the Xpert MTB/RIF assay was endorsed by the
World Health Organization for the diagnosis of pulmonary TB.
The higher proportion of TB patients diagnosed using PCR
methods in 2013 reflects this trend.

Recent studies illustrate the benefits of bronchoscopy as
a diagnostic method in patients with possible pulmonary
TB'™". According to one of our recent studies, TB patients
diagnosed using bronchoscopy exhibit higher culture conver-
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sion rates at 2 months and reduced time to culture conversion
compared with other patients". In this context, increased use
of bronchoscopy to diagnose TB could have a positive impact
on prognosis and disease transmission.

Regarding the present study’s limitations, it is difficult to
generalize the results due to the use of data from a single-cen-
ter, in a developed country in which bronchoscopy and TB-
PCR are readily available. Second, we evaluated the diagnostic
methods only at two time points. Adopting more time points
could provide more precise information. Third, the different
methods for TB-PCR were used for 2005 and 2013 in our in-
stitution. This could affect the results of this study. Finally, the
difference in experience of bronchoscopists as well as labora-
tory technicians between 2005 and 2013 could have affected
the results of this study.

In conclusion, initiation of treatment for pulmonary TB in
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South Korea is more frequently based on PCR for MTB DNA
as well as bronchoscopic specimens gathered over time. Fur-
ther study regarding whether changes in diagnosis influence
treatment outcomes is required.
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