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The incidence of tuberculosis (TB) in the Republic of Korea remains high when compared to the incidence in other
Organization for Economic Cooperation and Development (OECD) countries. The prompt diagnosis and effective treatment
of latent TB infection (LTBI) are very important in terms of controlling the burden of TB. The tuberculin skin test (TST)
has long been the "gold standard" assay for the diagnosis of LTBI. However, it can show false positive results due to
Bacille Calmette-Guérin (BCG) vaccination and infection with many environmental nontuberculous mycobacteria (NTM).
The interferon gamma release assay (IGRA) using Mycobacterium tuberculosis (MTB)-specific antigens, was developed
for the detection of LTBI. The QuantiFERON-TB Gold In-Tube assay is one of the most commonly used forms of the
IGRA. In order to compare the diagnostic efficacy of the TST and IGRA in relation to LTBI among BCG-vaccinated
healthy donors, whole blood samples were collected from 51 participants, and the results of the TST and IGRA were
compared. Of the 51 cases, 18 cases (35.3%) were positive and 33 cases (64.7%) were negative when using the TST,
while four cases (7.8%) were positive and 47 cases (92.2%) negative when using the IGRA. There was no correlation
between the size of the induration in the TST and the IFN-y protein level. In conclusion, the TST showed higher cross-
reactivity among the BCG-vaccinated healthy participants, therefore, the IGRA might be the most suitable assay for the
rapid screening of LTBI in BCG-vaccinated healthy population, or for TB contact investigation.
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Contact investigation

Although the Republic of Korea has accomplished signifi-
cant economic growth in recent decades and Koreans now
generally enjoy a high standard of living, the country still
has a high tuberculosis (TB) burden when compared to other
Organization for Economic Cooperation and Development
(OECD) member countries. Further, while the incidence of
TB in the Republic of Korea declined from 100.8 per

100,000 people in 2011 to 76.8 per 100,000 people in 2016,
the prevalence of latent TB infection (LTBI) among the
elderly population is still estimated to be high (Kim and
Yim, 2015; Kim and Kim, 2018).

Rapid diagnostic tests and the effective treatment of LTBI
are very important in terms of reducing and controlling the
burden of TB (Comstock et al., 1974; Hong et al., 2012). In
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particular, the accurate diagnosis of LTBI in individuals who
face the highest risk of developing the active disease is
essential (Recheldi, 2006). The tuberculin skin test (TST)
has long been the "gold standard" assay for the diagnosis of
LTBI (Pouchot et al., 1997; Kim et al., 2013). The TST
detects a cutaneous delayed-type hypersensitivity response
to the mycobacterial purified protein derivative (PPD), which
contains over 200 Mycobacterium tuberculosis (MTB) pro-
teins. Therefore, it shows cross-reactivity with the Bacille
Calmette-Guérin (BCG) vaccination, as well as infection or
contact with many environmental nontuberculous myco-
bacteria (NTM), since the PPD shares some major antigens
with the BCG and several NTM (Comstock et al., 1974).

A recently introduced alternative immunodiagnostic
method for the detection of LTBI is the interferon gamma
(IFN-y) release assay (IGRA) (Lalvani et al., 2001). The
IGRA investigates the presence of MTB infection by de-
tecting the ex vivo release of IFN-y by the immune cells
following stimulation with MTB-specific antigens, for ex-
ample, early secretory antigenic target 6 (ESAT-6) and cul-
ture filtrate protein 10 (CFP-10). These antigens are MTB-
specific, since they are absent in all BCG strains and the
major environmental NTM (Harboe et al., 1996; Mahairas et
al., 1996; Shah et al., 2012), and they are also strong targets
of the T-cells in MTB infection. The various available forms
of IGRAs have shown significant potential to reduce false-
positive results, particularly among low-risk BCG-vaccinated
populations. However, the IGRAs have also been known to
exhibit only limited sensitivity for immunocompromised
individuals and young children. Furthermore, the IGRAs
cannot differentiate between the active TB disease and LTBI
(Mandalakas et al., 2008; Kim et al., 2014).

Therefore, the present study aimed to compare the diag-
nostic efficacy of the TST and the IGRA in relation to the
diagnosis of LTBI among BCG-vaccinated healthy donors.
In order to accomplish this, whole blood samples from a
total of 51 participants were collected, and the results of the
TST and IGRA were compared.

From November 2010 to March 2013, a prospective
clinical study was conducted. All participants provided writ-
ten informed consent, and the study was approved by the

Institutional Ethics Committee (approval number 4-2010-

0527). The healthy (non-TB) group was comprised of healthy
adults who were free of active TB symptoms and who did
not have any contact with active pulmonary TB patients.
Potential participants in both the LTBI and healthy (non-
TB) control groups were excluded if they showed clinical
symptoms or demonstrated an abnormality on chest X-rays.

The TST was performed by means of the intradermal
injection of two tuberculin units of purified protein derivative
(PPD, RT23; Statens Serum Institute, Copenhagen, Denmark)
according to the Mantoux method. The TST induration was
measured following the injection for 48 to 72 h. The cut-off
value for positivity was 10 mm.

The antigen stimulation of the whole blood cells was per-
formed using commercial antigen tubes, namely the QFT-IT
test (Cellestis Ltd., Carnegie, Australia), according to the
manufacturer's instructions (Mori et al., 2004; Harada et al.,
2008). The whole blood samples were collected into three
QFT-IT collection tubes for the nil (negative control), MTB-
specific antigen stimulation, and T-cell mitogen stimulation
(positive control), respectively. The nil control tube contained
only the anticoagulant, namely lithium heparin, which is
used for detecting the basal level of immune response of
peripheral blood cells. The MTB-specific antigen tube con-
tained the anticoagulant and MTB-specific antigens, such
as ESAT-6, CFP-10, and TB7.7, which are used for detecting
the MTB-specific immune response. The T-cell mitogen
control tube contained the anticoagulant and T-cell mitogen
(phytohemagglutinin; PHA), which is used for detecting the
immune cell function as a positive control. Antigen stimu-
lation should be performed with in 3 h of the peripheral
blood collection. In this study, antigen stimulation was per-
formed for 24 h at 37C using the QFT-IT test (IFN-y
ELISA). Plasma was collected by means of centrifugation
at 2,000 X g for 5 min and then stored at -80°C until it was
assayed for the QFT-IT test. The IFN-y concentration in the
plasma samples obtained from each subject was determined
using the QFT-IT ELISA test according to the procedure
outlined in the product insert. The test results were inter-
preted using the QFT-IT ELISA software (version 2.43;
Cellestis Ltd., Victoria, Australia), and the cut-offs for diag-
nosis outlined in the manufacturer's instructions were used.

The mitogen stimulation served as an intrinsic control for
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Table 1. Comparison of IFN-y ELISA (QFT-IT) and tuberculin skin test (TST) results

IFN-y ELISA positive IFN-y ELISA negative Total
TST positive 0 18 18
TST negative 4 29 33
Total 4 47 51
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Fig. 1. Comparison of IFN-y protein level between TST positive 0.5 - v
and negative group of the TB intermediate burden country QA QA D Q
healthy donors after MTB specific antigens (ESAT-6, CFP-10, (oo“o Q@Q A A
TB7.7) stimulation for 24 h. Whole blood of study subjects (TST & & A >
positive and negative healthy donors) were treated with MTB spe- «é\ é\\ «(\ &@'\
cific antigens (ESAT-6, CFP-10, TB7.7) for 24 h. The IFN-y protein A <2

level was analyzed by ELISA and the median value of TST negative
group in healthy donor was slightly higher than TST positive group.

the blood sample quality. An IFN-y concentration of > 0.35
IU/mL (following the subtraction of the IFN-y concentration
of the nil control) after exposure to MTB antigens was
considered positive for the QFT-IT, while a concentration
of < 0.35 IU/ml was considered negative. If the IFN-y
response to the mitogen was > 0.5 IU/mL higher than that
of the nil control or > 8 IU/mL higher than that of the nil
control, the result was deemed to be indeterminate (Mori et
al., 2004).

Among the 51 samples, there were no double positives
according to either the TST or IFN-y ELISA, and 29 samples

yielded negative results in both examinations. Among the 18

Fig. 2. IFN-y protein levels according to the tuberculin skin
test (TST) results (sizes). In order to investigate the correlation
between the size of the induration in the TST and IFN-y protein
levels, healthy individuals were divided into four groups by the size
of the induration (0~5, 6~10, 11~15, and >15 mm). The median
value of IFN-y protein level was the highest in TST size 6~10 mm
and the median value of IFN-y protein was the lowest in TST size
over 15 mm.

TST-positive samples, all the samples (18 samples) yielded
negative results when using the IFN-y ELISA. Among the
33 TST-negative samples, four samples yielded positive
results when using the IFN-y ELISA. These results indicate
significant discordance between the TST and IFN-y ELISA
results of healthy individuals (Table 1). There are currently
only two commercialized LTBI diagnostic assays available,
namely the TST and IGRA. Therefore, further analysis is
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required to evaluate the accuracy and reliability of those
assays with alternative biomarkers such as TNF-a, CXCL9,
and CXCL11, which are highly specifically expressed in
MTB-specific antigen-stimulated whole blood samples of
active TB patients when compared to LTBI and normal
participants (Kim et al., 2015).

In order to investigate the plasma IFN-y protein levels in
response to the MTB-specific antigens (ESAT-6, CFP-10,
and TB7.7) in healthy controls (24 h stimulation), the plasma
IFN-y protein levels were detected using the IFN-y ELISA.
Among the TST-negative samples obtained from the healthy
control group, four samples yielded positive results when
using the IFN-y ELISA (QFT-IT) (MTB antigen-nil = >
0.35 IU/mL). The median value of the IFN-y protein levels
in the TST-negative samples was slightly higher than that
in the TST-positive samples (Fig. 1), although the difference
was not statistically significant.

Further, to investigate the correlation between the size of
the induration in the TST and the IFN-y protein levels, the
healthy individuals were divided into four groups according
to the size of the induration (0~5, 6~10, 11~15, and >15
mm). The median value of the IFN-y protein level in re-
sponse to the MTB-specific antigens (ESAT-6, CFP-10,
and TB7.7; 24 h stimulation) was the highest in the 6~11
mm group, while it was the lowest in the >15 mm group
(Fig. 2). These results indicate that there was no correlation
between the size of the induration in the TST and the IFN-y
protein level in healthy donors' samples when the samples
were stimulated with MTB-specific antigens.

In conclusion, the TST shows the higher cross-reactivity
among BCG-vaccinated healthy participants, while the size
of the induration in the TST does not exactly reveal the
IFN-y protein levels in BCG-vaccinated healthy individuals.
Therefore, the IGRA might be the most suitable assay for
the rapid screening of LTBI in a BCG-vaccinated healthy
population, or for prompt TB contact investigation. However,
further investigation using more clinical samples should be
undertaken in order to better determine the clinical usefulness

of the two assays.
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