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Background/Aims: QuantiFERON-TB Gold PLUS (QFT-PLUS) was developed as a
new version of the interferon-y (IFN-y) release assay that contains an extra antigen
tube to elicit a CD8+ T-cell response in addition to a CD4+ T-cell response. This
study aimed to evaluate the performances of QFT-PLUS versus QuantiFERON-TB
Gold In-Tube (QFT-GIT) for detecting tuberculosis (TB) infection.

Methods: Between October, 2016 and May, 2018, 137 participants were prospective-
ly recruited and subjected to QFT-GIT and QFT-PLUS testing. The concordance
between tests and performance based on different immune states and/or TB in-
fection risk were evaluated.

Results: The 137 participants were classified as follows: active TB (n = 14), TB con-
tact (n = 14), screening before biologic therapy (n = 85) and other disease (n = 24).
The positive results for either test were 100% (n = 14/14), 42.9% (n = 6/14), 153% (n
=13/85), and 62.5% (n = 15/24) in each four groups, respectively. The QFT-GIT and
QFT-PLUS test results showed good concordance with 91.2% agreement and a Co-
hen’s k of 0.807. The good concordance between two tests was also observed in 64
immunocompromised subjects (agreement of 90.6% and a Cohen’s k of 0.711). The
intra-class correlation coefficient for each antigen tube of the QFT-PLUS showed
a good correlation with the IFN-y release of the QFT-GIT (TB1 = 0.912, p < 0.001;
TB2 =0.918, p < 0.001).

Conclusions: QFT-PLUS showed highly comparable results to those of QFT-GIT
for diagnosing TB infection in South Korea as well as in immunocompromised
subjects.

Keywords: Latent tuberculosis; Interferon-gamma release tests; CD8-positive
T-lymphocyte

INTRODUCTION

estimated lifetime risk of developing active TB in sub-
jects with latent TB infection (LTBI) is 5% to 15%, and

Tuberculosis (IB) is a major global health concern, with
an estimated 10.4 million incident cases worldwide in
2016 [1]. Moreover, it has been suggested that approx-
imately one-third of the world’s population is latently
infected with Mycobacterium tuberculosis (M'TD) [2]. The
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the risk is highest in the first 2 years following infection
[3]- The early detection and treatment of L'TBI in coun-
tries with a low or intermediate TB prevalence is an im-
portant factor for preventing the progression to active
TB worldwide [4,5].
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After excluding active TB on a chest X-ray (CXR), the
diagnosis of LTBI is indirectly made by evaluating the
immune response against MTb using a tuberculin skin
test (T'ST) and/or interferon-y (IFN-y) release assays
(IGRA) [6]. The QuantiFERON-TB Gold In-Tube (QFT-
GIT, Qiagen, Hilden, Germany) and the T-SPOT.TB
(Oxford Immunotec, Abingdon, UK) are the two main
commercially available IGRA products. Although IGRA
products don’t have cross-reactivity with the bacillus
calmette-guerin (BCG) vaccination like TST, they have
cross-reactivity with some other mycobacteria (e.g., My-
cobacterium kansasii, Mycobacterium marinum, and Myco-
bacterium szulgai) [7]. Moreover, IGRA products have a
reduced sensitivity in immunocompromised patients
and children [8,9]. They are also unable to distinguish
between recent and remote infections [10].

Several studies have revealed that CD8+ T-cells play
an important role in the host defense against MTb by
the cytotoxic pathway and the cytosolic pathway [11-
15]. One study reported that active TB patients with
smear-positive sputum showed higher detectable CD8+
T-cell responses than those with smear-negative spu-
tum and LTBI patients, while pulmonary TB patients
also showed higher responses than extrapulmonary TB
patients [16]. Furthermore, active TB patients with inter-
mediate/high radiologic severity or microbiological TB
showed higher detectable CD8+ T-cell responses than
those with low radiologic severity or clinical TB [17]. The
latter two studies indicated that M'TD load is positively
correlated with CD8+ T-cell responses.

As previous studies provided good evidence for the
role of CD8+ T cell responses in MTb infection, the
QuantiFERON-TB Gold PLUS (QFT-PLUS) has been in-
troduced as a new-generation QFT-GIT. The QFT-PLUS
contains two antigen tubes, TB1 and TBz2: the TB1 tube
contains ESAT-6- and CFP-10-derived peptides (TB 7.7
was removed) and is designed to induce CD4+ T cells re-
sponse; the TB2 contains both the same long peptides of
TB1 and newly designed peptides that stimulate IFN-y
production by both CD4+ and CD8+ T cells [18]. Recent
studies have reported similar accuracies of QFT-PLUS
and with QFT-GIT [17,19-22], and some showed high-
er CD8+ T cell responses to recent Mtb exposure com-
pared to remote exposure in contact screening [19,22].

This study aimed to evaluate the performance of the
new QFT-PLUS assay in diagnosing patients with TB
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infection to identify whether it can replace the QFT-
GIT in South Korea, where the incidence of active TB is
intermediate (77 per 100,000 in 2016) and the BCG vacci-
nation is mandatory [23)].

METHODS

Study population

Between October 2016 and May 2018, 182 participants
of age > 18 years were prospectively recruited for diag-
nosing TB infection from Asan Medical Center, a tertia-
ry referral center in Seoul, South Korea. Most of these
cases comprised suspected active TB, recent TB con-
tact, or candidates for TB infection tests. The QFT-GIT
and QFT-PLUS assays were performed for each partic-
ipant. Forty-one participants were excluded owing to
not wanting to participate, one owing to an insufficient
blood sample for analysis, and three owing to a diag-
nosis of nontuberculous mycobacterial (NTM) disease
showing cross-reactivity with MTb in IGRA (Mycobac-
terium kansasii, two cases; Mycobacterium marinum infec-
tion, one case) [7]. Therefore, 137 patients were involved
in the final analysis.

A full history was taken that included age, sex, body
mass index, concomitant disease, BCG scar, previous
TB treatment, and immune status. CXR, QFT-GIT,
and QFT-PLUS were performed for all participants at
the baseline examination. CXR findings suggestive of
healed TB were identified in the presence of apical fi-
bronodular lesions, calcified lymph nodes, calcified
solitary nodules, and pleural thickening [24]. Immuno-
compromised status was defined as a history of diabe-
tes mellitus, chronic kidney disease, malignancy, organ
transplantation, human immunodeficiency virus (HIV),
and the use of immunosuppressive agents or steroids
(prednisolone 15 mg/day for > 1 month) [22]. All partici-
pants were classified based on TB infection risk (active
TB, recent TB contact, LTBI screening before biologic
therapy, or other disease). Active TB group consisted of
patients with culture-positive pulmonary TB alone who
were enrolled before initiating anti-TB medication, ex-
cept for one patient who was enrolled after 1 month of
anti-TB treatment. Recent TB contact group consisted
of patients with household contacts or other close con-
tacts with those with infectious TB. Biologic therapy
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group consisted of patients with immune-mediated
inflammatory diseases who were also candidates for bi-
ologic therapy such as anti-TNF agents. Other disease
group consisted of participants who were finally diag-
nosed with disease other than TB. Our study protocol
was approved by the Institutional Review Board of Asan
Medical Center (IRB No.: 2017-0004). All participants
provided written informed consent.

QFT-GIT and QFT-PLUS diagnostics

Peripheral blood sampling and sample processing for
both QFT-GIT and QFT-PLUS were performed and in-
terpreted according to the manufacturer’s instruction
[18]. Peripheral blood was withdrawn simultaneously,
directly into test tubes for use in both tests. The tubes
were incubated at 37°C £ 1°C for 16 to 24 hours. All ac-
tive TB patients were enrolled before initiating anti-TB
treatment except for one patient who was enrolled after
1 month of anti-TB treatment. The test was recorded as
positive if the antigen response (TB for QFT-GIT, TB1
and/or TB2 for QFT-plus) was = 035 IU/mL above the
negative control and = 25% of the negative control. The
results for both tests were recorded as negative if the an-
tigen response minus the negative control was < 0.35 IU/
mL or < 25% of the negative control with a positive con-
trol (mitogen tube) of = 0.5 IU/mL. The result for both
tests was recorded indeterminate if the antigen tube mi-
nus the negative control was < 0.35 IU/mL or < 25% of the
negative control with a positive control of < 0.5 IU/mL
or the antigen response of the negative control was > 8
IU/mL [18].

Statistical analysis
The statistical analyses were performed using the IBM
SPSS version 21.0 (IBM Co., Armonk, NY, USA). Contin-
uous variables are expressed as mean + standard devi-
ation (SD) or as median and interquartile range (IQR),
while categorical variables are expressed as number and
percentage. The chi-square or linear by linear associates
test was used for comparison of categorical variables.
The Wilcoxon signed rank test was used for inter-test
comparison of continuous variables. The Mann-Whit-
ney U test or Kruskall-Wallis test was also used for in-
ter-group comparison of continuous variables.

The agreement between QFT-GIT and QFT-PLUS
findings was evaluated by calculating the overall per-
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centage of concordant results and Cohen’s k coefficient.
The agreement of IFN-y release between the QFT-GIT
and QFT-PLUS was evaluated by calculation of the in-
traclass correlation coefficient (ICC). Linear regression
analyses were performed to assess the correlation in
IFN-y release between the tests.

The difference between TB2 and TB1 antigen respons-
es greater than the cutoff of 0.6 IU/mL was investigated
to evaluate whether IFN-y release of CD8+ T-cells is re-
lated to recent TB exposure based on a previous journal
by Metcalfe et al. [25].

RESULTS

Characteristics of study population

The demographic characteristics of the 137 participants
are shown in Table 1. They had a mean + SD age of 46.8
+ 16.3. Immune-mediated inflammatory diseases (IM-
IDs) were the most common comorbid condition (n =
85, 62.0%). No subjects had chronic kidney disease or
HIV infection. Healed TB was seen on CXR in 11 sub-
jects (8.0%) without evidence of active TB and 10 sub-
jects (7.3%) with a previous history of anti-TB treatment.
A total of 111 subjects had BCG scarring (81.0%), while
64 subjects were immunocompromised (46.7%). LTBI
screening before biologic therapy was the most frequent
TB infection risk group (n = 85, 62.0%), followed by other
diseases (n = 24,17.5%) and active TB (n =14, 10.2%) or TB
contact (n = 14, 10.2%). Other disease group consisted of
nine participants with healed TB on the CXR, seven with
non-specific CXR abnormality, five with NTM diseases,
two with pneumonia, and one under health checkup.
The positive rates in each group are shown in Fig. 1.

Comparison of QFT-GIT and QFT-PLUS
The QFT-PLUS results were comparable to those of
QFT-GIT, which resulted in an agreement of 91.2%
and a Cohen’s ¥ of 0.807 (Table 2). QFT-GIT showed a
90.5% agreement and Cohen’s k of 0.790 to TB1 and a
92.0% agreement and Cohen’s k of 0.820 to TB2. There
were no significant differences in agreement between
the QFT-GIT and QFT-PLUS for the different immune
states (p = 0.811) and no significant trend for TB infec-
tion risk (p = 0.558).

The median IFN-y release of TB (5.85 IU/mL; IQR,
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2.05 to 10.00) was significantly higher than that of TB1
(2.62 IU/mL; IQR, 1.06 to 7.91; p = 0.001) and TB2 (3.15 IU/
mL; IQR, 1.08 to 8.30; p = 0.004) in the positive QFT-GIT
and QFT-PLUS results (n = 40). There were significant
differences in the median IFN-y release of TB (o.01 IU/
mL; IQR, o to 0.05) compared to that of TB1 (0.01 IU/
mL; IQR, —o.01 to 0.03; p = 0.003) and TB2 (0.01 IU/mL;

Table 1. Baseline clinical characteristics of 137 subjects

Characteristic Value
Age, yr 46.8+£163
Sex, male 67(48.9)
Body mass index, kg/m? 23.1£3.6
Comorbid conditions
IMIDs 85 (62.0)
Diabetes mellitus 6(4-4)
Malignancy 6(4.4)
Organ transplant recipient 2(1.5)
Previous history of anti-T'B treatment 10 (7.3)
Positive BCG scarring 111 (81.0)
Immunocompromised? 64 (46.7)
TB infection risk group
Active TB 14 (10.2)
Recent TB contact 14 (10.2)
LTBI screening before biologic therapy 85(62.0)
Other diseases 24 (175

Values are presented as mean + SD or number (%).

IMID, immune-mediated inflammatory disease; TB, tuber-

culosis; BCG, bacillus calmette-guérin; LTBI, latent tuber-

culosis infection.

Causes of immunosuppression included diabetes mellitus,
chronic kidney disease, malignancy, organ transplantation,
human immunodeficiency virus, immunosuppressive med-
ications or steroids (prednisolone 15 mg/day for > 1 month).

The Korean Journal of Internal Medicine Vol. 35, No. 2, March 2020

IQR, —0.01 to 0.02; p = 0.002) in the negative QFT-GIT
and QFT-PLUS results (n = 85). The ICC showed good
correlation between the QFT-GIT and QFT-PLUS (TBu:
ICC = 0.912, p < 0.001; TB2: ICC = 0.918, p < 0.001). In ad-
dition, linear regression analyses showed good correla-
tion between tests (TB1: 1*= 0.722; TB2: *= 0.734) (Fig. 2A
and 2B).

Discordant results were found in 12 subjects (Table 3),
but a statistical analysis could not be performed due to
the small number of subjects. Among them, IFN-y re-
lease was in the borderline range of 0.25 to 0.8 IU/mL in
8 QFT-GIT samples [25].

Comparison of QFT-GIT and QFT-PLUS in immuno-
compromised subjects

The QFT-PLUS results were compatible with those of
QFT-GIT in the 64 immunocompromised subjects,
which resulted in an agreement of 90.6% and a Cohen’s

(%)

W 1 Bl QFT-GIT

100 - B QFT-PLUS
75 —
15
13
50 —
55
25 —
13
10
Active TB TB contact Biologic therapy Other disease
(n=14) (n=14) (n=285) (n=24)

Figure 1. Positive rates of QuantiFERON-TB Gold In-Tube
(QFT-GIT) and QuantiFERON-TB Gold Plus (QFT-PLUS) by
tuberculosis (TB) infection risk group (n =137).

Table 2. Comparison of QFT-GIT versus QFT-PLUS in 137 subjects

QFT-PLUS results
QFT-GIT results No. of subjects Positive .
- - - - Negative
TB1-nil or TB2-nil TBi-nil TB2-nil
Negative 89 4 4 2 85
Positive 45 40 39 39 5
Indeterminate 3 o (¢ (¢} 3
Total 137 44 43 41 93

QFT-GIT, QuantiFERON-TB Gold In-Tube; QFT-PLUS, QuantiFERON-TB Gold Plus; TB, tuberculosis.
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Figure 2. Linear regression plot of interferon-y concentration in (A) tuberculosis (TB) antigen—nil vs. TB1-nil, (B) TB antigen—
nil vs. TB2-nil, and (C) TB1-nil vs. TB2-nil. QFT-PLUS, QuantiFERON-TB Gold Plus.

Table 3. Discordant results of QFT-GIT versus QFT-PLUS (n =12)

IFN-y, TU/mL
QFT-GIT results Immunosuppression TBinfectionrisk ~ Sample No. QFT-GIT QFT-PLUS
TB-nil TBi-nil TB2-nil
Positive Yes Biologic therapy S8 038 0.06 0.04
S56 0.65 0.03 0.06
So8 0.69 0.12 0.02
S117 0.77 0.21 0.22
No TB contact S68 037 0.01 0.04
Negative Yes TB contact S18 0.19 0.42 0.25
Biologic therapy S147 0.15 3.15 2.8
No Others S72 0.28 0.55 0.66
S141 0.34 0.63 0.34
Indeterminate No Biologic therapy S26 —0.02 o 0.01
S155 0.41 o 0.01
Others S43 o o o

QFT-GIT, QuantiFERON-TB Gold In-Tube; QFT-PLUS, QuantiFERON-TB Gold Plus; TB, tuberculosis; IFN-y, interferon-y.

K of 0.711 (Table 4).

The median IFN-y release of TB (3.01 IU/mL; IQR, 1.80
to 10.00) did not differ significantly from that of TB1
(4.93 IU/mL; IQR, 1.15 to 10.00; p = 1.000) and TB2 (4.17
IU/mL; IQR, 1.28 to 10.00; p = 0.866) in the QFT-GIT-
and QFT-PLUS-positive results (n = 10). There were sig-
nificant differences in the median IFN-y release of TB
(0.01 IU/mL; IQR, 0.00 to 0.05) compared to that of TB1
(0.01 TU/mL; IQR, —o.01 to 0.02; p = 0.007) and TB2 (o
IU/mL; IQR, —0.01 to 0.02; p = 0.006) in QFT-GIT- and
QFT-PLUS-negative results (n = 48). ICC showed a good
correlation between QFT-GIT and QFT-PLUS (TBu:
ICC = 0.947, p < 0.001; TB2: ICC = 0.951, p < 0.001).

https://doi.org/10.3904/kjim.2019.002

There were six cases of discordant results. A statis-
tical analysis could not be performed due to the small
number of subjects. The IFN-y releases of the four QFT-
GIT samples were in the borderline range of 0.25 to 0.8
IU/mL [25].

Evaluation of the role of CD8+ T-cells

The contribution of CD8+ T-cells was evaluated by in-
vestigating the difference in IFN-y release between TB2
and TB1 within the QFT-PLUS—positive group (Table
5). Nine subjects showed a TB2 minus TBu1 value > 0.6
IU/mL. Among them, active TB was the most frequent (n
=5), followed by other disease (n = 3) and LTBI screening
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Table 4. Results of QFT-GIT versus QFT-PLUS in 64 immunocompromised subjects

QFT-PLUS results
QFT-GIT results No. of subjects Positive )
- - - - Negative
TBi-nil or TB2-nil TBi-nil TB2-nil
Negative 50 2 2 1 48
Positive 14 10 10 9 4
Total 64 12 12 10 52

QFT-GIT, QuantiFERON-TB Gold In-Tube; QFT-PLUS, QuantiFERON-TB Gold Plus; TB, tuberculosis.

Table 5. Difference in IFN-y level between TB2 and TB1 ([TB2-TB1] > 0.6 IU/mL) based on T'B infection risk in subjects with

QFT-PLUS—-positive results (n = 44)

TB2-TB1, IU/mL Active TB/TB contact Biologic therapy/other diseases Total
>0.6 5 4 9
<0.6 14 21 35
Total 19 25 44

IFN-y, interferon-y; TB, tuberculosis; QFT-PLUS, QuantiFERON-TB Gold Plus.

before biologic therapy (n = 1). There was no significant
difference in the proportion of a TB2 minus TB1 IFN-y
release > 0.6 IU/mL among the four groups (p = 0.133).
This was also seen between the high probability of re-
cent infection group (active TB and TB contact: n = 5/19,
26.3%) and low probability of infection group (biologic
therapy and other disease: n = 4/25, 16.0%) (p = 0.401).
Furthermore, there was no significant difference in the
median value of TB2 minus TB1 within QFT-PLUS-
positive subjects among the four groups (p = 0.169) or
between the two groups mentioned above (p = 0.147).

Comparison of TB1 and TB2 of the QFT-PLUS assay
The TB1 and TB2 results were compatible, resulting in
an agreement of 97.1% and a Cohen’s k of 0.931.

The median IFN-y release of TB2 (2.83 IU/mL; IQR,
0.84 to 6.93) did not differ significantly from that of TB1
(239 IU/mL; IQR, 0.78 to 6.64) in the 44 QFT-PLUS pos-
itive results (p = 0.422). TB2 (0.01 IU/mL; IQR, —o.01 to
0.03) did not differ significantly from TB1 (o.o1 IU/mL;
IQR, —0.05 to 0.03) in 93 the QFT-PLUS negative results
(p = 0.665). The ICC between TB1 and TB2 was 0.991 (p <
o.oo1), which suggested good correlation. The linear re-
gression analyses also showed good correlation between
TB1 and TB2 (1 = 0.965) (Fig. 2C).

There were four cases of discordant results (one of

388  www.kjim.org

TBi-negative and TB2-positive, three of TBi-positive
and TBi-negative). A statistical analysis could not be
performed due to the small number of subjects.

DISCUSSION

Most previous studies comparing the performances
of the QFT-PLUS and QFT-GIT tests were performed
in European countries with a low TB burden and
showed comparable results for diagnosing TB infection
[19,21,22,26]. Our study provides further evidence that
the QFT-PLUS and QFT-GIT are highly comparable
based on the results of agreement, Cohen’s k, and ICC
between the tests even in a TB endemic country. The
test results did not differ significantly by immune sta-
tus or TB infection risk. This indicates the usefulness of
QFT-PLUS compared to the QFT-GIT even in an inter-
mediate TB burden country like Korea.

We demonstrated here that the QFT-PLUS results
were highly comparable to those of the QFT-GIT in
immunocompromised subjects as well. Previous stud-
ies revealed that QFT-PLUS showed higher sensitivity
in HIV and TB co-infected subjects than the QFT-GIT
[20,27]. In this study, the majority of subjects had been
assigned to an LTBI screening before biologic therapy

https://doi.org/10.3904/kjim.2019.002
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group and had IMIDs (n = 85/137, 62.0%). Among these
patients, the majority were immunocompromised (n =
53/85, 62.4%), due to the high usage of disease-modifying
anti-rheumatic drugs or steroids. Anti-tumor necrosis
factor-o antagonist or other biologics are being increas-
ingly used in such patients [28]. As a result, this might
lead to an increased risk of active TB, which mostly re-
sults from the reactivation of LTBI in an intermediate
TB endemic country [28,29]. Our study findings sug-
gested that QFT-PLUS could be interchangeably used
with QFT-GIT to diagnose TB infection in patients with
immunocompromised status (especially those resulting
from CDg4+ T-cell impairments) for detection of LTBI,
in addition to a recent study by Ryu et al. [30]. Our study
indicated that the positive rate of QFT-GIT (n = 14/64,
21.9%) was slightly higher than that of QFT-PLUS (n
= 12/64, 18.8%) in immunocompromised hosts, which
could be attributed to high variability of the cut-oft val-
ue of QFT-GIT of + 0.6 IU/mL, resulting in false-pos-
itive results and conversion/reversion events [25,31]. All
four QFT-GIT-positive and QFT-PLUS-negative cases
showed IFN-y level in the range of 038 to o.77 IU/mL.
Further studies to compare between QFT-GIT and
QFT-PLUS in immunocompromised subjects includ-
ing larger cohort-size and long-term clinical follow-up
are needed.

A previous study showed that CD8+ T-cells were fre-
quently detected in individuals with active TB com-
pared to those with L'TBI, which correlates to a high
TB burden [16]. Furthermore, other studies showed that
higher IEN-y release in TB2 compared with TB1 was as-
sociated with recent TB infection [19,22]. The high-risk
TB infection group has a greater chance of recent in-
fection than the low-risk group. However, in our study,
there was no significant difference in the proportion of
TB2 antigen response (TB2-TBu difference of > 0.6 IU/
mL) between the two groups, nor was there a signifi-
cant difference in the median IFN-y release of TB2-TB1
between the groups. This finding contradicts that of
a previous study of the Netherlands and Belgium [19),
and could be explained as follows. First, QFT-PLUS as
well as QFT-GIT, doesn’t have capability to distinguish
between recent TB infection and remote TB infection.
Second, while QFT-PLUS could distinguish between
recent TB infection and remote TB infection, it failed
to show greater TB2-antigen response in the high-risk
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group in our study, which may be due to the low number
of study participants. Furthermore, since South Korea
is a TB-prevalent country, there is possibility of unno-
ticed, hidden infection even in the low-risk TB infection
group. Further studies are needed to reveal the role of
the CD8+ T-cell-response component of QFT-PLUS test
in the diagnoses of TB infection.

The positive rate of either test was higher in the oth-
er disease group (62.5%) than in the TB contact group
(42.9%, p = 0.240). This is contradictory with the fact that
the TB contact population usually has a higher possi-
bility of LTBI infection than the general population.
This phenomenon may be attributed to the relatively
low number of participants in TB contact group, and in
part, to the slightly lower median-participant age in TB
contact group (53.93; IQR, 45.75 to 62.25) versus other dis-
ease group (57.0; IQR, 49.25 to 64.75), despite absence of
statistically significant difference [1].

In this study, the positive IFN-y release level was sig-
nificantly higher on the QFT-GIT than the TB1 on the
QFT-PLUS. This might be attributable to the presence
of the peptide antigen TB 7.7 in the QFT-GIT kit, which
was removed from the QFT-PLUS kit [18]. Our study also
showed that TB2 induced significantly lower IFN-y re-
lease levels compared to that of TB in the QFT-GIT and
QFT-PLUS positive results, which is in contrast with the
previous study [19]. We expected a higher response of
TB2 than TB based on the fact that TB2 contains mod-
ified peptides that elicit a CD8+ T-cell reaction in addi-
tion to the CD4+ T-cell response [18]. This unexpected
result might have been due to the low number of pa-
tients with a recent TB infection in this study group.

The current diagnostic standard of IGRA tests em-
phasizes the importance of dichotomous value, positive
or negative, over that of absolute IFN-y level. However,
based on findings of a recent study of positive associa-
tion between higher absolute IFN-y level and TB disease
occurrence, absolute IFN-y level may be considered as
additional important information that enables diagno-
sis of TB infection [32]; hence, in our study, comparison
data of absolute IEN-y levels were presented even though
they comprised negative values with similar median and
IQR values between the two groups.

The discordant IFN-y release between the QFT-GIT
and the QFT-PLUS was mostly in the borderline range
(n = 8/12, 66.7%). This indicates the possibility of test
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variability instead of true inter-test differences [25).
Among the 12 cases of discordant results, five were QFT-
GIT-positive and QFT-PLUS-negative. This might be
due to the relatively low IFN-y release of TB1 compared
to the QFT-GIT or the low number of patients with a
recent TB infection as mentioned above.

Our study has some limitations. First, our sample size
was relatively small, especially in the high-risk TB infec-
tion groups. This might have influenced the statistical
results of the true IFN-y release difference (TB2-TBu)
comparison between TB infection risk groups, thereby
causing confusion in the interpretation of the role of
CD8+ T-cells as a predictor for TB burden or recent TB
infection. Second, we could not evaluate the sensitivity
and specificity of the QFT-PLUS because there is still no
gold standard test for L'TBI infection. Thus, we could
not evaluate the actual accuracy of the QFT-PLUS or
properly assess the discordant results between the tests.
Third, this study was processed in Korea, a TB-prevalent
country. This might have raised the problem of includ-
ing a relatively high number of recent LTBI-infected
subjects even in the low-risk TB infection group than
expected. Fourth, this study included a relatively broad
range of immunocompromised statuses. We could have
drawn more meaningful results from the QFT-PLUS if
we included only large numbers of CD4+-deficient sub-
jects since the QFT-PLUS has the additional ability of
inducing the CD8+ T-cell response.

In conclusion, our study showed highly comparable
results between the QFT-PLUS and QFT-GIT in Korea,
even in immunocompromised subjects, which suggests
that QFT-PLUS has potential for use as an alternate
modality to QFT-GIT in the diagnosis of TB infection.
However, this study could not provide supporting ev-
idence for the use of the QFT-PLUS in distinguishing
between recent TB infection (such as active TB or recent
LTBI) and remote TB infection, which might be due to
the low numbers of subjects and intermediate TB bur-
den in Korea.

KEY MESSAGE

1. QuantiFERON-TB Gold PLUS (QFT-PLUS)
showed highly comparable results to those of
QuantiFERON-TB Gold In-Tube (QFT-GIT)
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for diagnosing tuberculosis (TB) infection in
Korea, as well as in immunocompromised
subjects.

2. QFT-PLUS showed no significant difference
in the proportion of TB2 minus TBi-interfer-
on-y release of > 0.6 IU/mL between the high-
risk TB infection group and the low-risk TB
infection group, which might be due to low
numbers of subjects and the intermediate TB
burden in Korea.
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