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Abstract
We evaluated the utility of the “QuantiFERON®-TB Gold in tube” (QuantiFERON®) test that uses
TB-specific antigens for the diagnosis of latent infection in such individuals. We also examined the
correlation between the IFN-γ response to these antigens and the exposure risk to TB by evaluating
antigen-specific IFN-γ release in comparison with IFN-γ release in response to PPD in three groups;
medical students, nurses in a TB hospital, and TB patients. All nurses and TB patients responded to
PPD whereas 79.2 % (p=0.04) and 52 % (p<0.0001) responded to QuantiFERON®, respectively. In
the medical students, only 10.4 % responded to QuantiFERON® while 85.2 % were positive to PPD
(p < 0.0001). There was also a significant correlation between the levels of IFN-γ production and the
duration of employment in the group of nurses at the TB hospital suggesting on-going exposure in
this high risk group. Thus these results demonstrate that Mycobacterium tuberculosis-specific IFN-
γ release assay accurately discriminates low and high risk healthy subjects and might therefore be a
useful diagnostic tool for the diagnosis of latent infection in BCG-vaccinated individuals.
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Introduction
Tuberculosis (TB) remains a global public health problem with an estimated 3 million deaths
and 8 million new cases yearly (Dye et al., 1999; Corbett et al., 2003). Most individuals infected
with Mycobacterium tuberculosis (M. tuberculosis) control the bacilli and develop
asymptomatic latent infection, a reservoir currently estimated to be one-third of the total human
population. Latently-infected individuals face a lifetime risk of reactivation with symptomatic
TB disease depending upon their immune status (American Thoracic Society, 2000; WHO,
2005). There is a dramatic increase in the risk of developing reactivation TB in HIV-coinfected
individuals and in patients receiving anti-TNF antibody based therapies for, among other
indications, rheumatoid arthritis (Odhiambo et al., 1999; Winthrop, 2006). As HIV infection
and the use of anti-TNF antibody therapeutics have become increasingly common, there is an
urgent need for more efficient ways of diagnosing latent TB (Lawn et al., 2005; Aziz et al.,
2005).

The Tuberculin Skin Test (TST) has long been used as a gold standard for the diagnosis of
latent tuberculosis (American Thoracic Society, 2000). The TST is a measure of a delayed-
type hypersensitivity response to purified protein derivative (PPD). PPD is a mixture of
mycobacterial antigens, some of which are shared between non-tuberculous mycobacteria
(NTM) and Mycobacterium bovis BCG vaccine strains (Anderson et al., 2000; Lee et al.,
2002). As a result, the TST is not adequate for the diagnosis of latent TB in populations with
high BCG coverage and/or high-levels of NTM exposure (Anderson et al., 2000; Mazurek et
al., 2001; Ewer et al., 2003; Pai et al., 2004). The sensitivity also may be low in individuals
with decreased immune function (i.e., AIDS and other immunosuppressive conditions,
advanced tuberculosis, malnutrition) (Liebeschuetz et al., 2004). To increase the specificity of
such tests two M. tuberculosis specific antigens, Early Secretory Antigenic Target 6 (ESAT-6)
and Culture Filtrate Protein 10 (CFP-10) have been employed. These proteins, encoded within
the region of difference 1 (RD1) of the M. tuberculosis genome, are specific to M.
tuberculosis and are not present in PPD, as they are obviously not encoded by BCG vaccine
strains. In addition immunoreactive orthologs are not expressed in most NTM species
(Sorensen et al., 1995; Harboe et al., 1996; Anderson et al., 2000). Several studies have reported
that RD1-based (ESAT-6 and/or CFP-10) IFN-γ assays have higher specificity than TST, and
are less influenced by previous BCG vaccination (Ravn et al., 1999; Arend et al., 2000; Brock
et al., 2001; Mori et al., 2004; Pai et ai., 2004). Newer generation test kits using these two
individual antigens have already been developed and reports of their utility are now beginning
to emerge (Pai et ai., 2004; Ferrara et al., 2005; Kang et al., 2005). More recently, an enhanced
and simplified QuantiFERON® assay has been developed using a mixture of overlapping
peptides representing ESAT-6, CFP-10, and a portion of the TB antigen TB7.7 in order to
enhance the sensitivity of the assay.

The aim of this study was to compare the usefulness of this enhanced IFN-γ based assay with
PPD-stimulation for the diagnosis of latent TB infection in Korea where BCG vaccination is
mandatory.

Materials and Methods
Study subjects

There were three cohorts of study participants. Group A included 48 healthy students of a
medical school in Busan and was considered to be a “low-risk group”. They consisted of 32
males and 16 females (mean age 23.7 ± 0.2 years). All of them had a scar on the shoulder
indicating that they had been BCG-vaccinated. Group B included 25 nurses who have been
working for the past 1 to 27 years (mean 12.6 ± 1.6 years) at the National Masan TB Hospital
(NMTH) in Masan, South Korea. All were female (mean age 36.5 ± 1.5 years) and one of them
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did not have a BCG scar. These nurses have regular daily contact with TB patients in the
hospital (ca 5 hours a day). We therefore considered this a “high-risk group”. The total length
of their employment at the hospital was distributed as follows; less than 1 year : 2 persons, 1
– 5 years : 4 persons, 6 – 10 years : 3 persons, 11 – 15 years : 6 persons, 16 – 20 years : 7
persons, more than 20 years : 3 persons. Group C included 25 active pulmonary TB patients
(23 males and 2 females, mean age 43.6 ± 2.5 years) who showed positive results in sputum
AFB smear and culture and had TB lesions by radiological examination. They include 7 newly
diagnosed, 11 relapsed, and 7 incurable cases. These patients had been admitted to NMTH and
had received anti-tuberculosis drugs for less than 1 week at the time of blood collection. This
study was approved by a local IRB committee at NMTH and informed written consent was
obtained from each participant.

IFN-γ assays
Two methods for measuring antigen-specific IFN-γ release were used in this study. First,
diluted whole blood (1/10) was incubated with PPD (Statensserum institute; Copenhagen, DK)
and IFN-γ was measured from the supernatants. This in vitro whole blood IFN-γ response to
PPD correlates well with TST (Black et al., 2001). Briefly, diluted whole blood was incubated
with PPD at the final concentration of 10 µg/ml in a 5 % CO2 atmosphere at 37 °C for 5 days.
The supernatants were harvested and stored at − 70 °C until use for the measurement of IFN-
γ by ELISA with OptEIA mAb set (BD Pharmingen, LA, California). The detection limit of
the assay was 31 pg/ml and a positive response was defined as ≥ 62 pg/ml, twice the detection
limit. Second, the “QuantiFERON®-TB Gold in tube” test kit (Cellestis Ltd, Victoria,
Australia) was performed according to the manufacturer’s instructions. Blood was directly
collected in two 1 ml heparin containing tubes. One tube contained only heparin as negative
control and the second tube contained overlapping peptides representing the entire sequences
of CFP-10 and ESAT-6, and another peptide representing a portion of TB7.7. The tubes were
incubated for 20 – 24 hrs according to the manufacturer’s recommendation. After incubation,
plasma was removed and frozen until used for ELISA. The IFN-γ values were calculated by
subtracting the value of negative control and the cut-off value was 0.35 IU/ml according to the
manufacturer’s instruction.

Statistical analysis
The comparison of response rates between the two assay methods in each group was analyzed
using the two-sided Fisher’s exact test (GraphPad PRISM, version 4.0). The differences of
IFN-γ response levels among groups were analyzed using one way analysis of variance
(ANOVA) and a nonparametric Mann-Whitney tests. Statistical significance was accepted
when the P value was less than 0.05.

Results
Whole blood response to PPD in BCG-vaccinated healthy subjects and TB patients

Whole blood IFN-γ production in response to PPD was measured in three cohorts of volunteers
with very different risk of having latent or active tuberculosis. Group A was composed of
healthy normal medical students. Both because of their age and their lack of clinical experience
we considered this group to be at relatively “low-risk” for TB exposure. All of these volunteers
had a BCG scar and, as expected, stimulation of their whole blood with PPD identified 85.2
% of Group A as producing significant amounts of IFN-γ in response to PPD (≥ 62 pg/ml)
(Figure 1 and Table 1).

Group B was composed of 25 nurses who had been working at the National Masan TB Hospital
(NMTH) in Masan, South Korea. NMTH is the largest public tertiary care facility in South
Korea specifically for TB patients. These nurses have had daily contact with tuberculosis
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patients for the duration of their employment (mean 12.6 ± 1.6 years, range 1 to 27) we therefore
considered them to have been at high risk for exposure and latent TB. Group C consisted of
25 active pulmonary TB patients (23 males and 2 females, mean age 43.6 ± 2.5 years) who
were both smear and culture positive and had radiologic and clinical evidence of disease.
Stimulation of whole blood from volunteers in either of these two high-risk groups with PPD
showed that all of them produced significant amounts of IFN-γ in response to PPD (≥62 pg/
ml) (Figure 1 and Table 1).

A more stringent cut-off for discriminating these groups did not improve the situation as similar
results were obtained using a cut-off of 300 pg/ml (100 % of both Group B and Group C
responded along with 81.5 % of Group A) Although no difference was observed between Group
A and Group B, the level of IFN γ detected following stimulation of the TB patient group
(Group C) was significantly higher than that in medical students (Group A)(p = 0.0001) and
in nurses (Group B)(p = 0.0001) (Figure 1).

IFN-γ assay by “QuantiFERON®” test kit in BCG-vaccinated healthy subjects and TB patients
To assess whether the M. tuberculosis specific antigens would discriminate between these
groups more accurately we performed whole blood stimulation using the same samples and
the QuantiFERON® test kit. The results of the antigen-specific IFN-γ values assessed by the
QuantiFERON® test kit are shown in Figure 2 and Table 1. About 80 % of Group C were
positive (≥ 0.35 IU/ml) in this assay, significantly less (p = 0.04) than the response rate to PPD
stimulation. In nurses who have been at high risk of M. tuberculosis infection (Group B), the
positivity rate was 52 % when tested by the in tube method compared to PPD response which
was 100 % (Figure 2 and Table 1). In the low-risk group (Group A), only 10.4 % were positive.
The IFN-γ levels were highest in Group C (15.5 ± 4.5 IU/ml), followed by Group B (11.7 ±
5.5 IU/ml) and Group A (1.3 ± 0.9 IU/ml). Highly significant differences were found between
Group C and Group A (p = 0.0002) and Group B and Group A (p = 0.01) but no difference
was observed between Group B and Group C (Figure 2).

Correlation of the duration of exposure to M. tuberculosis and the level of IFN-γ responses
in high-risk group

Because the magnitude of the IFN-γ response in the NMTH nursing staff had a large range of
values that overlapped Group A and Group C, we re-evaluated the magnitude of the response
in terms of the length of time that each nurse had worked at the hospital. The duration of their
employment at the hospital should reflect the period of their exposure to bacilli, and may be
related to the degree of IFN-γ response. A significant positive correlation (r = 0.424, p = 0.035)
was found using the data from the QuantiFERON® test but not the data from PPD stimulation
(Figure 3).

Discussion
In this study, we were successful in discriminating latent infection from BCG vaccination in
three cohorts at varying risk for TB exposure using an IFN-γ assay kit based on the M.
tuberculosis specific antigens. TST is also likely to be a good indicator of latent infection in a
population of BCG-unvaccinated subjects but is confounded by BCG vaccination (Brock et
al., 2004). In the present study, we demonstrated that QuantiFERON® test kit clearly
differentiated the BCG-vaccinated healthy individuals at low risk of exposure from TB patients
in contrast to the results obtained using only PPD. The most recent generation of this test kit,
known as “QuantiFERON®-TB Gold in tube” used in this study is the third-generation of
QuantiFERON®-TB assay kit. The first-generation (QuantiFERON®-TB) is a whole-blood
assay measuring IFN-γ response to PPD as the stimulating antigen, while the second generation
(QuantiFERON®-TB Gold) uses M. tuberculosis–specific antigens such as ESAT-6 and
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CFP-10 in separate tubes. The “QuantiFERON®-TB Gold in tube” assay contains a mixture
of overlapping peptides representing ESAT-6, CFP-10, and a portion of TB antigen TB7.7 in
one tube and has consequently been proposed to have enhanced sensitivity and specificity.
Therefore, the first aim of this study was to evaluate this new test kit for the diagnosis of latent
TB infection in Korea where TB is endemic and BCG vaccination is mandatory. Since there
is no gold standard for the diagnosis of latent TB, we compared the results of QuantiFERON®
with those in PPD response.

In this study, instead of TST, in vitro whole blood IFN-γ assay to PPD was performed in all
subjects. It has been previously reported that in vitro whole blood IFN-γ response to PPD
correlates well with TST (Black et al., 2001). We found poor agreement between
QuantiFERON® and PPD tests in all groups, which is consistent with other reports (Brock et
al., 2001 & 2004; Mori et al., 2004; Kang et al., 2005) and confirms that QuantiFERON® test
is substantially more specific than TST in BCG vaccinated persons. Brock and co-workers
(2004) showed that, in BCG-vaccinated persons, 50 % of high-exposure and 6 % of low-
exposure group responded to QuantiFERON®, which gives the similar overall prevalence to
those of the unvaccinated subjects, 53 % and 5 %, respectively. A more recent study by Kang
et al. (2005) was performed in Korea and showed 4 %, 44 % and 81 % of positive responses
to QuantiFERON® test in low risk, high risk subjects and TB patients, respectively whereas
ours are 10.4 %, 52 %, and 79.2 %. The sensitivity of the assay in TB patients was similar in
both studies. However, the results in healthy subjects differed. The subjects comprising the
low risk group were medical students in both studies. Kang et al. (2005) mentioned that the 4
% of IFN-γ response in low risk individuals was underestimated probably because the IFN-γ
assay reflects recent rather than remote TB infection. In our study, however, we obtained 10.4
% of positive rate which is twice higher but this is still low considering the predicted prevalence
of TB infection (33 %) in the Korean population (Korean National Tuberculosis Association,
2005). Although the group size in that study was twice as large as ours, the higher response
rate in our study suggests that the higher sensitivity of the test kit in tube type containing the
mixture of 3 antigens compared to individual antigen plate used in their study. Another
plausible explanation for this observation is the difference in regional prevalence rates because
the medical students were recruited from different regions in the two studies. In the high risk
group, we also obtained a higher response rate than that of Kang et al (2005). This may be
because of the different characteristics of the cohort in our study. Although many reports
indicate that BCG vaccination affects TST in diagnosis of TB infection (Anderson et al.,
2000; Mazurek et al., 2001; Ewer et al., 2003; Pai et al., 2004), others report controversial data.
Pai et al. (2005) and Dogra et al. (2007) showed a high concordance between TST and
QuantiFERON® either in health care workers or in children in India, a highly TB endemic
country, suggesting there is little influence of BCG vaccination on TST. However, the
participants in their study received BCG vaccine once only at birth perhaps reflecting a waning
effect of BCG vaccination (Chadha, 2001; Wang et al., 2002). Repeat vaccinations may have
a more discernible and persistent effect on TST responses (Menzies et al., 2000; Floyd et al.,
2002). On the contrary, in Nigeria, another high endemic country, TST responsiveness in high
risk grouped children was lower than that of QuantiFERON® (49 % vs 74 %), suggesting TST
could underestimate risk for infection with TB in children in areas with high incidence of
infectious diseases (Nakaoka et al., 2006).

In the present study, the members of the high risk group were composed of nurses at TB
hospital. They have contact with TB patients in the hospital for more than 5 h daily and their
working durations were widely distributed between 1 to 27 years with an average of 12 years
indicating long-term duration of exposure to M. tuberculosis. Therefore, we examined if there
was any correlation between the time of exposure to M. tuberculosis and IFN-γ secretion levels
in response to PPD or M. tuberculosis–specific antigens in the nurse group. No correlation was
found when the analysis was performed with the IFN-γ responses to PPD. However, a
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significant correlation was observed between two factors when using QuantiFERON®,
suggesting that the frequency and intensity of exposure to M. tuberculosis reflect the risk factor
for M. tuberculosis infection. This correlation could have also been due to the change of age
not to exposure time. Therefore, we analyzed the correlation between the age and IFN-γ
secretion levels but no correlation was found (data not shown). Our results indicate that the
new “QuantiFERON®-TB Gold in tube” based on a mixture of M. tuberculosis–specific
antigens might become a useful diagnostic tool for detecting latent TB infections particularly
in BCG-vaccinated individuals in TB endemic countries.
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Figure 1.
Whole blood response to PPD in different groups. Group A : Medical students (low risk);
Group B : nurses at TB hospital (high risk); Group C : TB patients. Whole blood was stimulated
with PPD for 5 days. IFN-γ release was determined by ELISA. Broken line shows the cut-off
value for positive responders (62 pg/ml). Horizontal bars represent mean IFN-γ value. The
significant difference of IFN-γ production levels was analyzed between two groups and P value
less than 0.05 was considered significant. N.S. : not significant.
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Figure 2.
IFN-γ assay by “QuantiFERON®-TB Gold in tube” test in different groups. Group A : Medical
students (low risk); Group B : nurses at TB hospital (high risk); Group C : TB patients. Whole
blood were stimulated in a tube containing a mixture of ESAT-6, CFP-10, and a portion of TB
antigen TB 7.7 for 20 h. IFN-γ release was determined by ELISA. Broken line shows the cut-
off value for positive responders (0.35 IU/ml). Horizontal bars represent mean IFN-γ value.
The significant differences of IFN-γ production levels were analyzed between two groups and
P value less than 0.05 was considered significant. N.S. : not significant.
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Figure 3.
The correlation analysis in high risk individuals (Group B) between the exposure period to M.
tuberculosis and the secretion levels of IFN-γ in response to PPD (A) or to a mixture of M.
tuberculosis-specific antigens (B). Each point represents each individual value. A significant
correlation (r = 0.424, p = 0.035) was found by M. tuberculosis-specific antigens. N.S. : not
significant.
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