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ABSTRACT QuantiFERON-TB Gold Plus (QFT-Plus) is a new-generation QuantiFERON-TB
Gold In-Tube (QFT-GIT) assay which has two antigen-coated tubes called TB1, which
contains long peptides derived from ESAT-6 and CFP-10, and TB2, which contains
the same components as TB1 and additional short peptides which potentially stimu-
late CD8* T cells through the presentation of major histocompatibility complex class
I. This is the first study to compare QFT-Plus and QFT-GIT for use in the diagnosis of
latent tuberculosis infection (LTBI) among immunocompromised patients in the Re-
public of Korea. Among 317 consecutive patients who underwent screening for LTBI
before solid organ or hematopoietic stem cell transplantation and tumor necrosis
factor alpha inhibitor treatment, LTBI was identified in 92 (29.0%) and 88 (27.8%) pa- Received 15 March 2018 Returned for
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atent tuberculosis infection (LTBI) is a state of Mycobacterium tuberculosis infection

without evidence of clinical symptoms and signs of active tuberculosis and is
nontransmissible. Individuals with LTBI show a positive tuberculin skin test (TST) or
interferon gamma (IFN-v) release assay (IGRA) result but have negative findings on M.
tuberculosis culture and sputum smear. However, it has been reported that about 5 to
15% of individuals with LBTI eventually develop active tuberculosis (1, 2). Moreover,
immunocompromised patients and those receiving immunosuppressive drugs for the
treatment of various diseases are at an increased risk of opportunistic infections, such
as M. tuberculosis infections, which contribute to the high rates of M. tuberculosis
prevalence (3). The incidence of M. tuberculosis infection is shown to be 20 to 74 times
higher in solid organ transplant (SOT) recipients and 2 times higher in hematopoietic
stem cell transplant (HSCT) recipients than in the general population (4). SOT recipients
living in areas with lower levels of endemicity had an M. tuberculosis infection preva-
lence of 0.5 to 6.4%, while those living in areas with higher levels of endemicity (1 to
16%) had a prevalence of 15.2% (4, 5). Mortality rates among SOT recipients ranged
from 19% to 40%, which is 10-fold higher than the overall mortality rate from M.
tuberculosis infection (4-6), while the mortality rate after HSCT ranged from 0% to 50%
(4, 7). Several studies have confirmed the increased risk of infections among patients
with rheumatoid arthritis. Kourbeti et al. reported the importance of M. tuberculosis as
an opportunistic infection in patients receiving biologic agents with an odds ratio of
3.73 (95% confidence interval [Cl], 1.72 to 8.13; 2 = 0) (8). Thus, before the initiation of
tumor necrosis factor alpha (TNF-«) inhibitor treatment, screening for LTBI and pro-
phylaxis in patients have become standardized guidelines (9-11).

Nowadays, IGRAs performed using an enzyme-linked immunosorbent assay (ELISA),
such as the QuantiFERON-TB Gold In-Tube (QFT-GIT) assay (Qiagen, Hilden, Germany),
or an enzyme-linked immunosorbent spot (ELISPOT) assay, such as the T-SPOT.TB assay
(Oxford Immunotec, Abingdon, UK), are commonly used to identify LTBI. IGRAs do not
yield false-positive results in M. bovis bacillus Calmette-Guérin (BCG)-vaccinated indi-
viduals due to the absence of cross-reactivity with the BCG strain and do not require a
second visit, as is needed for TST. Moreover, the IGRA is more objective in terms of the
procedure and interpretation of the results (12). However, there are limitations, such as
an inability to distinguish between active tuberculosis and LTBI (13, 14), a poor
correlation between LTBI detection and the risk of developing active disease (13,
15-17), and a relatively poor sensitivity of LTBI detection in children and immunocom-
promised individuals (13, 18-21). In addition, indeterminate results (neither positive nor
negative results) are more frequent in immunocompromised patients than in immu-
nocompetent patients (22). Hence, there is a need to improve the diagnosis of LTBI
among immunocompromised patients, including clinical risk groups, such as patients
starting TNF-« inhibitor therapy and patients preparing for SOT and HSCT.

QuantiFERON-TB Gold Plus (QFT-Plus) is a new-generation QFT-GIT which has been
widely used for the diagnosis of LTBI. The major difference between QFT-Plus and
QFT-GIT is that QFT-Plus has two M. tuberculosis-specific antigen-coated tubes, called
TB1 and TB2. TB1 contains the long peptides of ESAT-6 and CFP-10 but not TB7.7, while
TB2 contains six short peptides, in addition to same components in TB1, thus inducing
both CD4" and CD8™ T-cell immune responses (23). There have been recent reports on
the performance of the QFT-Plus assay in the diagnosis of active tuberculosis in
high-risk patients and LTBI in low-risk populations (24-26); however, the performance
evaluation of the QFT-Plus assay in immunocompromised patients has rarely been
reported. The Republic of Korea is a country with an intermediate M. tuberculosis
burden, and BCG vaccination is mandatory at birth. The estimated LTBI prevalence in
the Republic of Korea, based on TST, is about 33.2% according to the 2016 Korean
National Tuberculosis Association annual report (27). So far, the application of QFT-Plus
in the clinical setting has just started, and no systematic data about the performance
of QFT-Plus in the population of the Republic of Korea have yet been published.

This is the first study that aimed to compare QFT-Plus and QFT-GIT for the diagnosis
of LTBI in patients who underwent screening for LTBI before therapeutic interventions
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which increase the risk of LTBI in the Republic of Korea, a country with an intermediate
M. tuberculosis burden.

MATERIALS AND METHODS

Study population. We prospectively included 317 consecutive patients referred for screening for
LTBI in high-risk clinical settings from February to August 2017 at the Samsung Medical Center (Seoul,
Republic of Korea), a university-affiliated tertiary care referral hospital. All patients were considered to
have a high risk of LTBI reactivation on the basis of the underlying disease and scheduled therapy: 169
patients who had primary organ failure and who were awaiting SOT (the SOT group), 105 patients who
had received chemotherapy for an underlying malignancy and who were going to have HSCT (the HSCT
group), and 43 patients who were scheduled to undergo TNF-« inhibitor therapy for systemic autoim-
mune diseases, including rheumatoid arthritis, inflammatory bowel diseases, psoriatic arthritis, and
ankylosing spondylitis (the TNF-« inhibitor therapy group). We reviewed the patients’ medical records,
including for previous antituberculosis medication, microbiological and radiological studies, and con-
comitant medication history. At our institution, we made a diagnosis of LTBI primarily by IGRA using
QFT-GIT, which is more advantageous than TST in a country with an intermediate M. tuberculosis burden
and a mandatory BCG vaccination program (9, 28). TST was performed when the IGRA showed
indeterminate results according to the discretion of the physician. It was considered positive if the
diameter of induration was =10 mm at 48 to 72 h. Written informed consent was obtained from the
patients. The study protocol was approved by the Samsung Medical Center Ethics Review Committee
(institutional review board no. 2016-04-076).

QFT-GIT and QFT-Plus assay. The QFT-GIT and QFT-Plus assays (Qiagen, Hilden, Germany) were
performed according to the manufacturer’s instructions. Within 4 h of whole-blood collection in lithium
heparin tubes, each milliliter of whole blood was transferred to an M. tuberculosis antigen tube (TB) for
QFT-GIT, M. tuberculosis antigen tubes (TB1 and TB2) for QFT-Plus, and nil and mitogen tubes. The five
tubes were immediately incubated at 37°C for 20 h. ELISA for quantitation of interferon gamma (IFN-v)
was performed simultaneously for both tests using a DS-2 automated ELISA processor (Dynex, Chantilly,
VA). The results were interpreted as positive when the IFN-y concentration in the M. tuberculosis antigen
tube (TB for QFT-GT and either TB1 or TB2 for QFT-Plus) minus the IFN-y concentration in the nil tube
was =0.35 IU/ml and =25% of the nil tube value. Test results with a nil tube IFN-y concentration of
greater than 8.0 IU/ml or a mitogen tube IFN-y concentration of less than 0.5 IU/ml were considered
indeterminate.

Statistical analysis. Data were expressed as the number (percentage) or median, range, and/or
interquartile range and were analyzed using IBM SPSS Statistics (version 23.0) software (IBM Corporation,
Armonk, NY, USA). Categorical variables were analyzed using Pearson’s x2 test or Fisher's exact test;
continuous variables were analyzed using the Kruskal-Wallis test for comparisons among several groups
and the Mann-Whitney U test for pairwise comparisons. The concordance between the QFT-GIT and
QFT-Plus assay results was assessed using k coefficients and was interpreted according to the Landis and
Koch classification: the concordance for a k value of =0.20 was considered slight, that for 0.20 < « value
=0.40 was considered fair, that for 0.40 < k value =0.60 was considered moderate, that for 0.60 < k
value = 0.80 was considered substantial, and that for 0.80 < k value =1.00 was considered almost
perfect (29). All reported P values were two-tailed and calculated with statistical significance set at a P
value of less than 0.05.

RESULTS

Baseline clinical characteristics. The baseline characteristics of 317 patients who
had undergone QFT-GIT and QFT-Plus assays for screening for LTBI are shown in Table
1. Among the SOT, HSCT, and TNF-« inhibitor therapy groups, there was no difference
in previous antituberculosis medication, and none tested positive by staining for
acid-fast bacilli and M. tuberculosis culture. However, the age distribution and the
proportion of males were significantly different between the groups. In particular, the
proportion of patients on concomitant steroid and/or immunosuppressant therapy at
the time of the tests was significantly higher in the TNF-« inhibitor therapy group (P <
0.001).

Detection of LTBI using QFT-GIT and QFT-Plus. Overall, 92 patients (29.0%) and
88 patients (27.8%) were diagnosed with LTBI on the basis of the results of QFT-GIT and
QFT-Plus, respectively. Indeterminate results were observed in 10 patients (3.2%) by
both QFT-GIT and QFT-Plus. For each of TB1 and TB2 of QFT-Plus, 79 (24.9%) and 86
(27.1%) patients tested positive, respectively. The SOT group had a higher prevalence
of LTBI than the HSCT group and the TNF-« inhibitor therapy group (P = 0.001 and <
0.001 for QFT-GIT and QFT-Plus, respectively). The responses to both tests by the
different patient groups are shown in Table 2. Among 88 patients with positive results
by QFT-Plus, 77 patients (87.5%) showed positive results in both TB1 and TB2 (TB1™
TB2™), but 2 and 9 patients showed positive results only in TB1 (TB1*+ TB2—; 2.3%) and
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TABLE 1 Characteristics of patient groups©

Values for the following patient groups:

TNF-« inhibitor

Characteristic Total (n = 317) SOT (n = 169) HSCT (n = 105) therapy (n = 43) P

Median (range) age (yr) 53 (16-78) 54 (22-76) 53 (23-70) 45 (16-78) 0.0037
No. (%) of male patients 205 (64.7) 123 (72.8) 60 (57.1) 22(51.2) 0.004°
No. (%) of patients who previously received 19 (6.0) 11 (6.5) 8(7.6) 0(0.0) 0.158%

antituberculosis medication

No. (%) of patients with the following AFB staining result:

Not done 246 (77.6) 125 (74.0) 34 (79.1) 87 (82.9)
Positive 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Negative 71(22.4) 44 (26.0) 9(20.9) 18(17.1)

No. (%) of patients with the following M. tuberculosis
culture result:

Not done 246 (77.6) 125 (74.0) 34(32.4) 87 (49.4)
Positive 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Negative 71(22.4) 44 (26.0) 9(8.6) 18 (41.9)
No. (%) of patients with concomitant steroid and/or 61(19.2) 17 (10.1) 22(21.0) 22 (51.2) <0.001¢

immunosuppressant treatment

aDetermined by the Kruskal-Wallis test.
bDetermined by the x2 test.
“Abbreviations: AFB, acid-fast bacillus; SOT, solid organ transplantation; HSCT, hematopoietic stem cell transplantation; TNF-a, tumor necrosis factor alpha.

TB2 (TB1~ TB2*; 10.2%), respectively. Nine out of 11 samples with discordant results
(81.8%) between TB1 and TB2 belonged to the SOT group. For the indeterminate
results, one patient from the SOT group and one patient from the TNF-« inhibitor
therapy group had an indeterminate result by QFT-Plus but tested negative by QFT-Plus
and vice versa.

Concordance between QFT-GIT and QFT-Plus. The degrees of concordance be-
tween QFT-GIT and QFT-Plus are shown in Tables 3 and 4. The agreement rate between
the QFT-GIT and QFT-Plus assays was 93.7% (k value = 0.860). Of 20 samples with
discordant results (6.3%), 11 (55.0%) and 7 (35.0%) were positive by QFT-GIT alone (G*
P~) and QFT-Plus alone (G~ P™), respectively, and 2 (15.0%) were indeterminate by
each assay. All 7 samples with G~ P™* results were from the SOT group. Among the 11
samples with G* P~ results, 8 from the SOT group, 2 from the HSCT group, and 1 from
the TNF-« inhibitor therapy group were observed. The correlations between the IFN-y
responses of QFT-Plus TB1 or TB2 and QFT-GIT TB were relatively poorer in the SOT
group than in the HSCT and TNF-« inhibitor therapy groups, but those between TB1
and TB2 were not (Table 4; see also Fig. S1 in the supplemental material).

TABLE 2 Detection of LTBI using QFT-GIT and QFT-Plus in the different groups of
immunocompromised patients®

No. (%) of patients in the following groups:

Total SOT HSCT TNF-« inhibitor
Assay and result (n = 317) (n = 169) (n = 105) therapy (n = 43) Pa
QFT-GIT
TB+ 92 (29.0) 64 (37.9) 18(17.1) 10(23.3) 0.001
Indeterminate 10(3.2) 3(1.8) 6 (5.7) 1(2.3) 0.153
QFT-Plus
TB1+ or TB2* 88 (27.8) 63 (37.3) 16 (15.2) 9(20.9) <0.001
TB1+ 79 (24.9) 55(32.5) 15(14.3) 9(20.9) 0.003
TB2+ 86 (27.1) 62 (36.7) 16 (15.2) 8(18.6) <0.001
TB1+ and TB2* 77 (24.3) 54 (32.0) 15(14.3) 8(18.6) 0.003
Indeterminate 10(3.2) 4(2.4) 5(4.8) 1(2.3) 0.495

aDetermined by the x?2 test.
bAbbreviations: QFT-GIT, QuantiFERON-TB Gold In-Tube; QFT-Plus, QuantiFERON-TB Gold Plus; SOT, solid
organ transplantation; HSCT, hematopoietic stem cell transplantation; TNF-«, tumor necrosis factor alpha.
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TABLE 3 Qualitative comparisons between QFT-GIT and QFT-Plus?

No. (%) of patients with the following QFT-Plus result:

QFT-GIT result Positive Negative Indeterminate Total
Positive 81(25.6) 11(3.5) 0(0.0) 92 (29.0)
Negative 7(2.2) 207 (65.3) 1(0.3) 215(67.8)
Indeterminate 0(0.0) 1(0.3) 9(2.8) 10(3.2)
Total 88(27.8) 219 (69.1) 10(3.2) 317 (100.0)

aAbbreviations: QFT-GIT, QuantiFERON-TB Gold In-Tube; QFT-Plus, QuantiFERON-TB Gold Plus.

As shown in Tables 5 and S1, the IFN-y responses in the 11 samples with G* P~
results ranged from 0.40 to 1.10 IU/ml (median, 0.48 1U/ml), and those in the 7 samples
with G~ P results ranged from 0.01 to 0.69 IU/ml (median, 0.32 IU/ml) and from 0.39
to 2.97 IU/ml (median, 0.52 1U/ml) for TB1 and TB2, respectively. About 77.8% of the
discordant results except the indeterminate results occurred within the IFN-y response
of between 0.30 and 1.00 IU/ml (10/11 samples with G™ P~ results and 4/7 samples
with G— P* results), and all 7 samples with G= P* results were reactive in TB2 (3
samples with TB1*+ TB2™ results and 4 samples with TB1~ TB2™" results) but none were
reactive in TB1 alone (TB1+ TB2™). Also, the IFN-y responses in 8 out of 11 cases (72.7%)
which had a discrepancy between TB1 and TB2 of QFT-Plus, regardless of agreement
with QFT-GIT, ranged from 0.30 to 1.00 IU/ml. Figure 1 shows the correlations between
the IFN-y responses of the different antigen tubes for the 20 discordant cases.

Variability in the results of QFT-GIT and QFT-Plus. We observed the variability of
the two tests in two aspects, one with a repeated IFN-y ELISA with the same samples
on the same day (repeatability) and the other with a short-term retest with newly
collected samples (reproducibility). The repeated IFN-y ELISA was performed on four
samples, including two with results initially discordant between QFT-GIT and QFT-Plus.
One became G~ P~ from G P~ and the other became G*™ P* from G* P~, which
eventually resulted in agreement between QFT-GIT and QFT-Plus (Fig. 2). The repeated
QFT-GIT and QFT-Plus assays with newly collected samples were performed for 37
patients who provided informed consent prior to undergoing significant therapeutic

TABLE 4 Concordance between QFT-GIT and QFT-Plus?

Patient group and assays No. of patients for whom the assays showed
compared agreement/total no. of patients (%) K value
All patients (n = 317)
QFT-GIT vs QFT-Plus 297/317 (93.7) 0.860
QFT-GIT vs QFT-Plus TB1 296/317 (93.4) 0.849
QFT-GIT vs QFT-Plus TB2 295/317 (93.1) 0.845
QFT-Plus TB1 vs QFT-Plus TB2 306/317 (96.5) 0.919
SOT (n = 169)
QFT-GIT vs QFT-Plus 153/169 (90.5) 0.808
QFT-GIT vs QFT-Plus TB1 152/169 (90.5) 0.804
QFT-GIT vs QFT-Plus TB2 153/169 (89.9) 0.796
QFT-Plus TB1 vs QFT-Plus TB2 160/169 (94.7) 0.890
HSCT (n = 105)
QFT-GIT vs QFT-Plus 102/105 (97.1) 0.919
QFT-GIT vs QFT-Plus TB1 101/105 (96.2) 0.891
QFT-GIT vs QFT-Plus TB2 102/105 (97.1) 0.919
QFT-Plus TB1 vs QFT-Plus TB2 104/105 (99.0) 0.971
TNF-a inhibitor therapy (n = 43)
QFT-GIT vs QFT-Plus 42/43 (97.7) 0.939
QFT-GIT vs QFT-Plus TB1 42/43 (97.7) 0.939
QFT-GIT vs QFT-Plus TB2 41/43 (95.3) 0.874
QFT-Plus TB1 vs QFT-Plus TB2 42/43 (97.7) 0.934

9Abbreviations: QFT-GIT, QuantiFERON-TB Gold In-Tube; QFT-Plus, QuantiFERON-TB Gold Plus; SOT, solid
organ transplantation; HSCT, hematopoietic stem cell transplantation; TNF-«, tumor necrosis factor-alpha.
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TABLE 5 Distribution of IFN-y values in discordant results between QFT-GIT and QFT-Plus?
Concn of IFN-y (IU/ml)

QFT-GIT (concn in TB minus concn QFT-Plus (concn in TB1 minus QFT-Plus (concn in TB2 minus
QFT-GIT/QFT- No. (%) of in nil tube) concn in nil tube) concn in nil tube)
Plus result cases Range IQR Median Range IQR Median Range IQR Median
R/NR 11 (55.0) 0.40-1.10 0.41-0.74 0.48 0.02-0.28 0.14-0.24 0.19 0.01-0.29 0.15-0.28 0.27
NR/R 7 (35.0) 0.00-0.28 0.02-0.18 0.09 0.01-0.69 0.05-0.42 0.32 0.39-2.97 0.43-1.05 0.52
I/NRe 1(5.0)
NR/I¢ 1(5.0)

aData are for 20 samples with discordant results. Abbreviation: QFT-GIT, QuantiFERON-TB Gold In-Tube; QFT-Plus, QuantiFERON-TB Gold Plus; IFN-v, interferon gamma;
R, reactive; NR, nonreactive; |, indeterminate; IQR, interquartile range. Positive results are in boldface.

bThe concentration of IFN-y in the mitogen tube minus that in the nil tube was 0.49 [U/ml.

<The concentration of IFN-y in the mitogen tube minus that in the nil tube was 0.17 1U/ml.

interventions (range of the time interval to repeat tests, 3 to 161 days; median, 23 days)
(Table S2). Of the 37 patients, 28 belonged to the SOT group, 8 belonged to the HSCT
group, and 1 belonged to the TNF-a inhibitor therapy group. Two patients (5.4%) each
for QFT-GIT and QFT-Plus showed altered IFN-y responses between the first and second
tests. In case 7, QFT-GIT was initially nonreactive but became reactive 92 days later.
Although QFT-Plus was persistently nonreactive, the IFN-vy responses of TB1 and TB2 of
the second test were higher than those of the first test. In case 28, both QFT-GIT and
QFT-Plus were initially nonreactive but became reactive in both tests after 23 days. Case
13 was persistently reactive in QFT-GIT but changed from nonreactive to reactive in
QFT-Plus after 10 days. None was exposed to conditions which increased the tubercu-
losis infection risk. Instead, case 28 received granulocyte colony-stimulating factor
(G-CSF) to collect autologous peripheral blood stem cells at the first test but not at the
second test, although his absolute lymphocyte counts were the same (320/pul).

DISCUSSION

In this study, we aimed to show the comparability of the fourth-generation QFT-Plus
assay with the QFT-GIT assay for the diagnosis of LTBI in immunocompromised patients
who were to undergo therapeutic interventions, such as SOT, HSCT, and TNF-« inhibitor
therapy, in the setting of a country with an intermediate M. tuberculosis burden. The
detection rate was comparable between the two assays, but the qualitative agreements
between different antigen stimulations were not the same in different patient groups.
Given the assumption that QFT-Plus with two antigen tubes might contribute to a
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higher sensitivity and fewer indeterminate results, QFT-Plus did not demonstrate
performance superior to that of QFT-GIT in this patient population.

Considering the prevalence of LTBI in the Republic of Korea and the importance of
screening for LTBI in immunocompromised patients, who have an increased risk of M.
tuberculosis reactivation after therapeutic interventions, the diagnostic performance of
the screening methods is paramount. The overall sensitivity of QFT-GIT for the diag-
nosis of active tuberculosis infection in the Republic of Korean population has been
reported to be 80.2% by Bae et al. (30). However, the sensitivity or specificity of IGRAs
for predicting the development of active tuberculosis is rather limited due to the need
for long-term follow-up in the absence of a new exposure episode. So far, we have
observed that 1 out of 103 (1.0%) QFT-GIT-positive systemic autoimmune disease
patients who underwent LTBI treatment developed active tuberculosis at 20.5 months
after the initiation of TNF-« inhibitor therapy, while 4 out of 239 (1.7%) QFT-GIT-
negative patients who did not receive LTBI treatment developed active tuberculosis at
7.2, 20.8, 22.0, and 22.7 months after the initiation of TNF-« inhibitor therapy (31).

Compared to the previous changes in the QuantiFERON-TB series, the addition of a
new antigen tube (TB2) containing new short peptides that stimulate IFN-y production
by CD8* T cells in QFT-Plus has drawn much attention not only for performance but
also for the potential new implications of this assay compared to QFT-GIT. Overall, we
found a high degree of agreement (93.7%; « value, 0.860) between QFT-GIT and
QFT-Plus. However, among the three patient groups, the SOT group showed the lowest
degree of agreement between the two assays (90.5%; k value, 0.808), followed by the
HSCT group (97.1%; k value, 0.919) and the TNF-a inhibitor therapy group (97.7%; k
value, 0.939). In recent comparative studies, Moon et al. reported that low-risk health
care workers in the United States showed 2.1% and 3.0% positivity rates by QFT-GIT and
QFT-Plus, respectively (24). Hoffman et al. reported 94.5% agreement between the two
assays within various populations, including health care workers and patients with
suspicion of active tuberculosis in a German hospital (25). Yi et al. reported sensitivities
of 98.6% and 97.6% for QFT-GIT and QFT-Plus, respectively, for the diagnosis of active
tuberculosis in a Japanese population (26). In particular, the higher positivity rate with
QFT-Plus in the study conducted by Moon et al. was due to more frequent positive
results with TB2 than TB1 (24). In this study, we observed a higher positivity rate with
QFT-GIT (29.0%) than with QFT-Plus (27.8%), although we observed more TB1~ TB2*
results with QFT-Plus. Thus, the discrepancy between QFT-GIT and QFT-Plus might be
affected not only by the differences in the antigenic stimulants (the absence of TB7.7
in the TB1 tube and addition of the TB2 tube) but also by the populations examined
and the underlying conditions of the patients as well. However, as observed in previous
IGRA studies (9, 24, 25, 32), most of the discordant results (77.8%) were scattered within
IFN-vy levels of 0.30 to 1.00 IU/ml, which cross the assay cutoff (Fig. 1). Moon et al. found
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that the majority of discordant results between QFT-GIT and QFT-Plus TB1 (84.8%) and
QFT-GIT and QFT-Plus TB2 (88.6%) existed within the range of 0.2 to 0.7 IU/ml (24).

Among the 317 patients evaluated in this study, the concordance between QFT-GIT
and QFT-Plus was the lowest for those in the SOT group, which could be explained by
the greater frequency of positive cases with TB2 alone in the SOT group than in the
other groups in this study. Thus, it seems to be evident that the patients in the SOT
group had a different immunologic challenge to LTBI than those in the other groups.
We do not have a clear explanation for the reason why the SOT group had more
frequent responses in TB2 alone; however, in part, it is speculated that the transplant
candidates in the SOT group had relatively preserved CD8" T cells responding to
antigen stimulation compared to patients in the HSCT and TNF-« inhibitor therapy
groups, who are likely to be pan-immunosuppressed by previous or ongoing toxic
chemotherapy or steroid treatment. Several studies have been performed to elucidate
the meaning of discrete responses in TB1 and TB2 of QFT-Plus. Petruccioli et al. (13)
showed that the TB2-specific response elicited by CD8* T cells was primarily associated
with active tuberculosis and, consequently, with severe M. tuberculosis disease, which
was consistent with the important contribution of CD8" T cells to the host defense
against M. tuberculosis by both cytokine secretion and cytotoxic activity (33-36).
Barcellini et al. also reported a greater TB2 antigen response (TB2-TB1 difference, >0.6
IU - mI=") in a subgroup of latently infected contacts with a higher antigenic burden
(33). The rates of indeterminate results were the same (3.2%, 10 of 317 patients) for
both QFT-GIT and QFT-Plus, although in one case in this study the indeterminate results
occurred in different patients. Reactivity in the TB2 tube contributed substantially to the
difference between QFT-GIT and QFT-Plus, which may provide a better understanding
of the tuberculosis infection status and further diagnostic utility in the diagnosis of
active tuberculosis.

Indeterminate results were observed most frequently in the HSCT group for both
assays. The overall rate of indeterminate results in immunocompromised patients has
been reported to range from 7% to 20% (17, 37). Although the recipients of SOT and
HSCT with severe CD4* lymphopenia had the highest rate of indeterminate results (38),
the immunocompromised patients with organ failure, postchemotherapeutic hemato-
logical malignancy, and systemic autoimmune diseases taking steroids included in this
study were consistently susceptible to indeterminate results due to underlying anemia,
lymphopenia, hypoproteinemia, and hypoalbuminemia (22, 37).

In this study, we did not find a substantial improvement in the repeatability and
reproducibility of QFT-Plus compared with those of QFT-GIT, possibly due to the limited
number of observations. However, although the number of samples used in the
assessment of repeatability was small, the assessment certainly showed a variation of
IFN-y detection by ELISA near the cutoff in both QFT-GIT and QFT-Plus. Also, in the
evaluation of reproducibility with 37 samples newly collected within a relatively short
term from the time of collection of the initial samples, both QFT-GIT and QFT-Plus
showed a similar variability (2/37, 5.4%). Except for one patient who showed conversion
in both tests, probably due to the effect of G-CSF in the first test (39), there were no
significant factors affecting the M. tuberculosis risk identified in the other two patients,
who showed conversion in each QFT-GIT and QFT-Plus assay. Knierer et al. confirmed
the occurrence of conversions and reversions for QFT-Plus in serial testing of a high-risk
cohort in a low-incidence setting (40). They suggested that the conversion and rever-
sion rates for QFT-Plus were slightly higher than those for QFT-GIT, but the increase in
variability was not significant due to the high rate of agreement between QFT-GIT and
QFT-Plus (40). Based on the results reported by Knierer et al. (40) and our studies, the
assay variability of QFT-Plus near the cutoff level remained the same as that with
QFT-GIT. Currently, the QFT-Plus results are interpreted by applying the same cutoff
applied to QFT-GIT and are based on the positivity of either TB1 or TB2; however, more
data are needed to validate the interpretation criteria in different cohorts with different
risks of M. tuberculosis infection or different clinical conditions.

As a limitation of this study, we aimed to show the comparability of QFT-Plus to
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QFT-GIT for the diagnosis of LTBI in immunocompromised patients; therefore, we did
not address the sensitivity and specificity of QFT-Plus, which could be evaluated by the
inclusion of patients with active tuberculosis and a population at low risk for LTBI. These
aspects need to be investigated in further separate studies in the Republic of Korea.
Also, there is no gold standard test for the diagnosis of LTBI, so the definite perfor-
mance of QFT-Plus in this study can be drawn from long-term follow-up data. The other
limitation is that the number of repeatedly collected samples having discordance
between QFT-GIT and QFT-Plus was too small to evaluate the differences in variability.

In conclusion, there was a high degree of agreement between QFT-GIT and QFT-Plus
results in the screening of immunocompromised patients for LTBI. The IFN-vy responses
in the TB2 tube of the QFT-Plus assay mainly contributed to the difference between
QFT-GIT and QFT-Plus, particularly in SOT candidates. The significance of discrete
responses in TB1 and TB2 of QFT-Plus needs to be further explored immunologically
and clinically in different patient groups and clinical settings.
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