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ABSTRACT

Objective: This study aimed to evaluate the diagnostic ability of interleukin 2 (IL-2) and interferon gamma (IFN-y) release assay
induced by the fusion protein (ESAT-6/CFP-10/Rv1985c¢) for detecting active tuberculosis (ATB) in clinically visiting patients.
Methods: A total of 970 subjects (215 in ATB group and 755 in non-ATB group) underwent both an interferon-y release assay
(IGRA) and a TB-DNA PCR assay. Using clinical diagnosis as the gold standard, both qualitative and quantitative test results
for IL-2 and IFN-y were analyzed. Subsequently, the diagnostic ability of IL-2 and IFN-y to screen for ATB among the high-risk
population was then evaluated.

Results: IL-2 exhibited higher specificity, while IFN-y demonstrated higher sensitivity in distinguishing between ATB and non-
ATB subjects. The sensitivity of the serial application of IL-2 and IFN-y had no significant difference (p =1.000) compared with
IFN-y; the specificity of the serial application of IL-2 and IFN-y had no significant difference (p=0.708) compared with IL-2.
Quantitative analysis of the results revealed that the IL-2 and IFN-y values were significantly higher in the ATB group compared
with the non-ATB group. Additionally, the combined predictors of IL-2 and IFN-y did not show a significant difference compared
with IL-2 alone (p =0.324) or IFN-y alone (p =0.405).

Conclusions: This study demonstrated that IL-2 and IFN-y release assays induced by the fusion protein (ESAT-6/CFP-10/
Rv1985c) were valuable for distinguishing ATB from non-ATB subjects, with IL-2 exhibiting higher specificity and IFN-y demon-
strating higher sensitivity.

1 | Introduction presents unclear findings regarding the advantages and disad-

The 2023 WHO Global Tuberculosis Report [1] revealed that 7.5
million individuals were diagnosed with tuberculosis in 2022.
Approximately a quarter of the global population was infected
by Mycobacterium tuberculosis (MTB), and 5%-10% of those in-
fected would develop into active tuberculosis (ATB). There was
some support for preventive medication in patients with latent
tuberculosis infection (LTBI) [2]. However, the current literature

vantages of preventive treatment for LTBI [3, 4], highlighting the
need for future research to develop effective and reliable exper-
imental methods for tuberculosis prevention and treatment [5].
Interferon-y (IFN-y) release assays (IGRAs), which assess T-cell
responses to MTB-specific antigens, are commonly used to de-
tect MTB infection [6]. Current research focuses on screening
serum markers for ATB to enhance sensitivity and specificity,
as well as on optimizing MTB-specific antigens [7-11]. The
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aim of this study was to evaluate the values of ESAT-6/CFP-
10/Rv1985C-induced IFN-y and IL-2 in the screening for ATB
among 970 subjects at high risk of ATB [12].

2 | Materials and Methods
2.1 | Subjects

This study was performed at Beijing Tsinghua Changgung
Hospital affiliated to Tsinghua University (Beijing, China) from
November 2021 to October 2023. This study was conducted in
accordance with the Declaration of Helsinki. It received eth-
ical approval from the Ethics Committee of Beijing Tsinghua
Changgung Hospital (approval number: 24337-0-01).

A total of 970 subjects at high risk of ATB, as judged by the phy-
sicians, were enrolled in this study. The subjects who met all the
following criteria were included in this study [13]: (1) exhibit-
ing symptoms associated with ATB or undergoing regular ATB
monitoring; (2) having results from both IGRA and TB-DNA
PCR testing. Exclusion criteria required subjects to meet one of
the following: (1) subjects lacking regular monitoring results for
ATB; (2) subjects with unqualified IGRA results according to
the manufacturer's instructions. The 970 subjects were catego-
rized into either an ATB group or a non-ATB group, separately.
The diagnostic criteria of ATB were judged by the physicians,
meanwhile fulfilling at least one of the following criteria [13]: (1)
MTB DNA was positively detected by PCR; (2) MTB DNA was
detected positively by metagenomics next-generation sequenc-
ing (mNGS); (3) a positive smear with acid-fast staining; (4) ATB
typical findings from pathological examination; (5) ATB typical
imaging findings; (6) effective response to empirical treatment;
(7) confirmed TB infection at other hospitals.

Among the 970 subjects, 215 were assigned to the ATB group,
while the remaining 755 were classified as the non-ATB group.
The ATB group was further divided into pulmonary tubercu-
losis, extra-pulmonary tuberculosis, and multiple-site infection
subgroups based on lesion location. Similarly, the non-ATB
group was subdivided into pulmonary infections, extra-
pulmonary infections, autoimmune diseases, tumors, old tu-
berculosis, non-tuberculous mycobacteria (NTM), and other
diseases subgroups. The study flowchart is shown in Figure 1,
and the clinical and epidemiological characteristics of the en-
rolled 970 subjects are summarized in Table 1.

2.2 | Laboratory Procedures

IL-2 and IFN-y assays were conducted using the MTB-
specific cytokine detection kit (Deaou Bio-technology Co. Ltd.,
Guangzhou, China) following the manufacturer's instructions.
The fusion protein (ESAT-6/CFP-10/Rv1985c) from the kit was
used to stimulate T lymphocytes to release IL-2 and IFN-y, and
then the cytokine concentrations of IL-2 and IFN-y were mea-
sured. Peripheral blood mononuclear cells (PBMCs) were isolated
from heparin-anticoagulated blood by density gradient centrif-
ugation. The cell suspension was adjusted to a concentration of
2.5% 10”6 cells/mL. Subsequently, 100 uL of this suspension was
added in triplicate to each of the three cell culture wells: the test

well (T well), the negative well (N well) and the positive well (P
well). The T wells contained ESAT-6/CFP-10/Rv1985¢ fusion
protein, The N wells contained serum-free medium as the neg-
ative control, and the P wells contained phytohemagglutinin as
the positive control. The samples were then incubated in a carbon
dioxide incubator at 37°C for 16 h. At the end of the incubation,
the supernatant was collected, and the concentrations of IL-2 and
IFN-y were quantitatively measured using an enzyme-linked im-
munosorbent assay (ELISA). Meanwhile, the qualitative results
were interpreted according to the manufacturer's instructions;
a positive IL-2 reaction (IL-2 +) was defined as an IL-2 differ-
ence greater than 19 pg/mL between the T wells and the N wells.
Similarly, a positive IFN-y reaction (IFN-y +) was defined as an
IFN-y difference greater than 7 pg/mL between the T wells and
the N wells. The quantitative results were also analyzed using the
receiver operating characteristic (ROC) curve.

2.3 | DNA Detection for mycobacterium
tuberculosis

TB-PCR was utilized to detect MTB deoxyribonucleic acid
(DNA) using the commercial kit (Capital Bio Technology Co
Ltd., Beijing, China) following the manufacturer’s instructions.
The kit was capable of reporting results for MTB and non-
tuberculous mycobacteria (NTM) separately.

2.4 | Statistical Analysis

Differences in the sensitivity and specificity of IL-2 and IFN-y
for ATB screening were evaluated using the chi-square test. The
Youden index was calculated as ‘sensitivity + specificity—1" and
was applied to determine the screening experiment's effectiveness
and validity. The concordance between IL-2 and IFN-y and ATB
diagnosis was determined using the kappa values, with kappa
values between 0.41 and 0.60 indicating moderate agreement, be-
tween 0.61 and 0.80 indicating substantial agreement, between
0.81 and 1.00 indicating almost perfect agreement. The values of
IL-2 and IFN-y in ATB and non-ATB groups did not follow a nor-
mal distribution. A Mann-Whitney U test was used to compare
the differences of IL-2 and IFN-y between ATB and non-ATB
groups. Receiver operating characteristic (ROC) curves were con-
structed for IL-2 and IFN-y based on clinical diagnosis. The area
under the ROC curve (AUC), optimal cut-off values, sensitivity,
specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) were calculated. Statistical analyses were per-
formed using SPSS 26.0 (IBM Corporation, Armonk, New York,
USA), SPSSAU, the R language, and GraphPad Prism 10 software
(GraphPad Software, Boston, Massachusetts, USA). A p-value of
less than 0.05 was considered statistically significant.

3 | Results

3.1 | Sensitivity and Specificity of IL-2 and IFN-y
in the Two Groups

The positive rate of IL-2 in the ATB group was 66.5%, sig-
nificantly higher than that in the non-ATB group (22.4%)
(¥*=150.499, p=0.000). Similarly, the positive rate of IFN-y in
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970 subjects were deemed to be at a heightened risk for ATB
due to the completion of IGRA and PCR assays upon the
request of physicians.

(From November 2021 to October 2023)

215 subjects were diagnosed with ATB by physicians, fulfilled
at least one of the following criteria: TB-DNA + (n = 93)
Acid-fast staining smears + (n = 13)

TB-mNGS + (n=9)

Pathology + (n= 3)

Imaging typical + (n= 86)

Empirical treatment effective + (n = 35)

TB infection confirmed in other hospitals (n = 10)

The remaining 755 subjects were classified as non-ATB group.

v
ATB group (n = 215)
Among them:
IFN-y + (n = 174)
IL-2 + (n = 143)
Parallel + (n = 175)
Series + (n = 142)

v

non-ATB group (n= 755)
Among them:

IFN-y + (n = 277)
IL-24+(n = 168)

Parallel + (n = 161)
Series + (n = 284)

Tuberculosis lesions
occurring in lung

bronchus and
pleura.

«— tissue, trachea, <—| organs other than ]

- - Pulmonary
Tuberculosis lesions )
S tuberculosis
occur in tissues or
plus
- extrapulmo
lung tissue, trachea, P
3 nary
bronchi, and pleura. .
tuberculosis

Pulmonary tuberculosis
(n =128)

Among them:

IFN-y + (n = 108)

IL-2 + (n = 85)
Parallel + (n = 109)
Series + (n = 84)

(n = 85)

Among them:
IFN-y + (n = 66)
IL-2 + (n = 59)
Parallel + (n= 66)
Series + (n= 59)

Extrapulmonary tuberculosis

Multiple Sites of infection
(n=2)

Among them:

IFN-y + (n = 1)

IL-2 + (n = 0)

Parallel + (n = 1)

Series + (n = 0)

IL-2 and IFN-y were analyzed.

using ROC curve.

The sensitivity and specificity of IFN-y, IL-2, parallel combination and series combination of

The diagnostic values of quantitative results of IFN-y and IL-2 for ATB group were analyzed

FIGURE1 | The flow chart of this study.

the ATB group was 80.9%, which was significantly higher than
that in the non-ATB group (36.7%) (x*=131.666, p=0.000). The
sensitivities of IL-2 and IFN-y for the diagnosis of ATB were
66.5% and 80.9%, respectively, and the specificities were 77.6%
and 63.3%, respectively. IFN-y demonstrated a higher sensitivity
than IL-2 (x*=11.536, p=0.001), whereas IL-2 showed a higher
specificity than IFN-y (y?=37.115, p=0.001).

The sensitivities of IL-2 and IFN-y for the diagnosis of pulmonary
tuberculosis were 66.4% and 88.4%, respectively; IFN-y demon-
strated a higher sensitivity than IL-2 (y*=11.138, p=0.001).
However, there was no significant difference in the sensitivity of
IL-2 and IFN-y for the diagnosis of extra-pulmonary tuberculo-
sis (y?=1.481, p=0.224). The summarized results were shown
in Table 2.
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The Youden indices for IL-2 and IFN-y in the diagnosis of ATB
were 0.441 and 0.442, respectively. Both IL-2 and IFN-y showed
substantial agreement in the diagnosis of ATB, and the kappa
values were 0.614 for agreement in sensitivity and 0.618 for
agreement in specificity.

3.2 | Sensitivity and Specificity of Combined
Application of IL-2 and IFN-y

The results can be interpreted in two ways: parallel combina-
tion (negative results for both IL-2 and IFN-y lead to a nega-
tive diagnosis; all other combinations were positive) and serial
combination (positive results for both IL-2 and IFN-y lead to a
positive diagnosis; all other combinations were negative). The
sensitivity of the parallel combination was 81.4% (CI: 76.2-86.6),
higher than that of the serial combination, which was 66.0%
(CIL: 59.7-72.4) (¥*=13.072, p=0.000). The specificity of the
serial combination was 78.7% (CI: 75.8-81.6), higher than that
of the parallel combination, which was 62.4% (CI: 58.9-65.8)
(¥*=48.203, p=0.000). The Youden index of the serial combina-
tion of IL-2 and IFN-y in the diagnosis of ATB was 0.447, which
was higher than the Youden index of 0.438 of the parallel combi-
nation approach. There was no significant difference in sensitiv-
ity between the serial combination and the parallel combination
in the diagnosis of extra-pulmonary tuberculosis (y*>=1.481,
p=0.224). The diagnostic accuracy of the combination of IL-2
and IFN-y for the diagnosis of ATB was shown in Table 3.

Although the sensitivity of the parallel combination was
high, it had no significant difference from that of IFN-y alone
(¥*=0.015, p=1.000). Also, the specificity of the serial combi-
nation had no significant difference compared with that of IL-2
alone (¥>=0.190, p=0.780).

3.3 | The Distribution of IL-2 and IFN-y Values in
the ATB Group and Non-ATB Group

The median IL-2 level in the ATB group was 45.25pg/mL (IQR:
5.96-156.58 pg/mL), which was higher than the median IL-2

level of 23.3pg/mL (IQR: 0.00-11.72pg/mL) in the non-ATB
group (Z=38,963, p=0.000). Similarly, the median IFN-y level
in the ATB group was 123.12 pg/mL (IQR: 18.93-474.52 pg/mL),
which was significantly higher than the median IFN-y level
of 2.43pg/mL (IQR: 0.00-28.26 pg/mL) in the non-ATB group
(Z=137,145, p=0.000). The distribution of IL-2 and IFN-y values
in the ATB and non-ATB groups is illustrated in Figure 2.

3.4 | ROC Curve Analysis of IL-2 and IFN-y

The ROC curves of IL-2 and IFN-y for the diagnosis of ATB are
shown in Figure 3. The area under the curve (AUC) was 0.762
for IL-2, 0.771 for IFN-y, and 0.761 for the combination of IL-2
and IFN-y.

The optimal cut-off value for the diagnosis of ATB was 10.890 pg/
mL for IL-2 and 23.885pg/mL for IFN-y. Based on the cut-off
values, sensitivity, specificity, positive predictive value, and neg-
ative predictive values of IL-2, IFN-y, and the combined applica-
tion of IL-2 and IFN-y were summarized in Table 4.

4 | Discussion

In China, a country with a high burden of TB, the application
of preventive treatment for LTBI is limited. Within clinical set-
tings, the focus has primarily been on screening for ATB in
patients presenting with TB-like symptoms. Since physicians
implemented intensive screening programs for tuberculosis
infection, it is reasonable to believe that these subjects are at
high risk of ATB. From the perspective of clinical diagnosis and
treatment, the real application scenario of IFN-y and IL-2 was
to effectively screen for ATB in subjects with similar symptoms,
at least those with ATB screening indications. In the non-ATB
group, although LTBI cannot be 100% ruled out, compared with
the natural population, the proportion of LTBI in the non-ATB
group in this study should be much lower than that in the natu-
ral population. Also, there is no gold standard for the diagnosis
of LTBI. WHO recommends classifying IGRA-positive people
without related symptoms as having LTBI. As a result, this

TABLE 2 | Diagnostic sensitivity and specificity of the IL-2 and IFN-y for ATB.
IFN-y IL-2

Classification n/N Estimate% (95% CI) n/N Estimate% (95% CI) x? P

Sensitivity for active tuberculosis
All active tuberculosis 174/215 80.9 (75.7-862.) 143/215 66.5 (60.2-72.8) 11.536 0.001?
Pulmonary tuberculosis 108/128 84.4 (78.1-90.7) 85/128 66.4 (58.2-74.6) 11.138 0.001P
Extra-pulmonary 66/85 77.6 (68.8-86.5) 59/85 69.4 (59.6-79.2) 1.481 0.224¢
tuberculosis
Multiple Sites of infection 1/2 NA 0/2 NA NA NA
Specificity for active 478/755 63.3 (59.9-66.8) 586/755 77.6 (74.6-80.6) 37.115 0.0004

tuberculosis

2Sensitivity of IL-2 VS IFN-y in all active tuberculosis.
bSensitivity of IL-2 VS IFN-y in pulmonary tuberculosis.
Sensitivity of IL-2 VS IFN-y in extra-pulmonary tuberculosis.
dSpecificity of IL-2 VS IFN-y in active tuberculosis.
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TABLE 3 | Diagnostic sensitivity and specificity of the combined IL-2 and IFN-y for ATB.

Parallel combination
of IFN-y and IL-2¢

Serial combination of
IFN-y and IL-2f

Classifications n/N Estimate (95% CI) n/N Estimate (95% CI) X 4
Sensitivity for ATB
All ATB 175/215 81.4 (76.2-86.6) 142/215 66.0 (59.7-72.4) 13.072 0.000?
Pulmonary 109/128 85.2(79.0-91.3) 84/128 65.6 (57.4-73.9) 13.159 0.000°
tuberculosis
Extra-pulmonary 66/85 77.6 (68.8-86.5) 59/85 69.4 (59.6-79.2) 1.481 0.224¢
tuberculosis
Multiple Sites of 1/2 NA 0/2 NA NA NA
infection
Specificity for ATB 471/755 62.4 (58.9-65.8) 594/755 78.7 (75.8-81.6) 48.203 0.0004

2Sensitivity of parallel combination versus serial combination in all active tuberculosis.
bSensitivity of parallel combination versus serial combination in pulmonary tuberculosis.
Sensitivity of parallel combination versus serial combination in extra-pulmonary tuberculosis.

dSpecificity of parallel combination versus serial combination in active tuberculosis.

¢Positive results for both IL-2 and IFN-y lead to a positive diagnosis, while all other combinations are negative.
fNegative results for both IL-2 and IFN-y lead to a negative diagnosis, while all other combinations are positive.

p<0.0001

10000

1000 -

100+

pg/ml

10

0.1

»<0.0001

10000 =

1000 -

100 -

10

pg/ml

0.1+

0.01 .

FIGURE 2 | Distribution of IL-2 (A) and IFN-y (B) values in the ATB and non-ATB groups. The Y-axis is plotted on a log10 scale to improve data
visualization. Each box represents the interquartile range (IQR), with the median indicated by the central line. The whiskers extend to 1.5 times the
IQR. The logl0 transformation is applied to compress the scale and highlight differences in IL-2 and IFN-y levels between the two groups.

study did not deliberately distinguish LTBI subjects, but rather
categorized all subjects into either the ATB group or the non-
ATB group.

While IGRASs exhibit sensitivity and specificity in diagnosing tu-
berculosis infection [14, 15], they struggle to effectively distinguish
between ATB and LTBI Scholars have made efforts to enhance the
diagnostic performance of IGRAs for ATB by improving specific
antigens and identifying new markers. For instance, the addition
of new antigens like Rv1733c and SLP to traditional ESAT-6 and
CFP-10 antigens has shown promise in enhancing the sensitivity

and specificity of T-Spot for the diagnosis of ATB [16]. The MTB
protein encoded by the Rv1986 gene is a target for memory T
cells in patients with tuberculosis, and the Rv1985c protein pos-
itively upregulates the expression of Rv1986 [17]. In addition to
ESAT-6 and CFP-10, the new generation of IGRAs includes the
MTB-specific secreted protein Rv1985c as an antigen to enhance
the host cellular immune response, thereby improving the sensi-
tivity in detecting ATB. The Rv1985c protein has the promising
potential to distinguish patients with active tuberculosis from M.
bovis BCG-vaccinated individuals [18]. A study utilizing IGRAs
showed that the addition of Rv-1985c increased the sensitivities of

6 of 9

Journal of Clinical Laboratory Analysis, 2025



ESAT-6, CFP-10, and the ESAT-6/CFP-10 combination in detect-
ing TB from 82.1% to 89.2% (p=0.125), 67.9% to 87.5% (p <0.001),
and 85.7% t0 92.9% (p=0.125), respectively [19]. The fusion protein
ESAT-6/CFP-10/Rv1985c exhibited higher potency in stimulating
IFN-y release compared with the conventional ESAT-6-CFP-10
fusion protein [8, 20]. Wang Jie et al. reported the potential util-
ity of HP16118P protein in distinguishing between LTBI and ATB
[3, 21]. A previous study conducted in a tertiary teaching hospital
demonstrated that the antigen-stimulated IL-2 exhibited a sensi-
tivity of 71.88% and a specificity of 77.49% in screening ATB [11].
In addition, IL-2 has shown potential in improving the treatment
outcomes of Zoledronate for multidrug-resistant tuberculosis [22].
Research using the Luminex technology suggested that IL-2 and
IFN-y may serve as valuable biomarkers for TB diagnosis [23].
The production of IL-2 induced by Ala-DH, as measured by the
LIOSpot TB kit, demonstrates high sensitivity and specificity for
ATB [24]. Pavithra Sampath et al. [25] discovered that the value of
IL-2 in the peripheral blood of patients with ATB was significantly
elevated compared with that in the control and LTBI groups.
Nadege Gourgouillon et al. [21] reported that the TNF-a/IL-2 ratio

100 -
80 -
<. 60
=
g=
5 40
N
20 - = |FN-y, AUC=0.771
IL-2, AUC=0.762

— Combination, AUC=0.761

OI/ | 1 | 1 1
0 20 40 60 80 100

100% - Specificity%

FIGURE 3 | ROC curve of IL-2 and IFN-y for differentiating ATB
from non-ATB.

was higher in ATB patients compared with LTBI individuals. A
FluoroSpot test using ESAT-6 and CFP-10 antigens showed that
the IFN-y (+) IL-2 (—) T cell count was more diagnostically valu-
able, with a higher AUC of the ROC curves, than the IFN-y (+) T
cell count for the diagnosis of ATB [26]. By combining ESAT-6-
induced IP-10 with HBHA-induced IL-2 and GM-CSF, 90%-93%
of ATB patients were accurately identified among infected indi-
viduals in the training and validation cohorts [2]. The inconsistent
results of IL-2 and IFN-y in the diagnosis of ATB reported in the
literature can be attributed to variations in research protocols, in-
cluding differences in detection methods, study populations, used
antigens, and experimental groups.

This study focused on analyzing the diagnostic value of IFN-y
and IL-2 for ATB using the ESAT-6/CFP-10/Rv1985c fusion
protein as the specific antigen for the diagnosis of ATB in a
high-risk population. The qualitative analysis revealed that the
positive rates of IL-2 and IFN-y in the ATB group were signifi-
cantly higher than those in the non-ATB group, indicating their
potential diagnostic values for ATB. The sensitivity of IFN-y
was found to be higher than that of IL-2, while the specificity of
IL-2 was observed to be higher than that of IFN-y. Both IL-2 and
IFN-y demonstrated good concordance in distinguishing ATB
from non-ATB. Notably, IFN-y showed a higher sensitivity in the
diagnosis of ATB than that of IL-2, but there was no significant
difference in the diagnosis of extra-pulmonary tuberculosis.

This study showed that there was no significant difference in
the sensitivity between IL-2 and IFN-y in the diagnosis of extra-
pulmonary tuberculosis. Tuberculosis infection can occur in all
tissues and organs except the nails, hair, and teeth. Different le-
sions may have different effects on the generation of memory
lymphocytes in vivo. Hao Zhang et al. reported that the ratio
of IFN-y to IL-2 had shown good diagnostic efficacy in lymph
node tuberculosis [27]. Thus, the ratio of IFN-y to IL-2 may be
one of the feasible evaluation indices for the diagnosis of extra-
pulmonary tuberculosis. The limited number of subjects and
the lack of further subgrouping may also account for the bias
in this study. The diagnostic ability of IL-2 and IFN-y for extra-
pulmonary tuberculosis requires further investigation in multi-
center studies.

The study found that the parallel combination of IL-2 and IFN-y
resulted in enhanced sensitivity and a higher Youden index,

TABLE 4 | Diagnostic accuracy of IL-2, IFN-y, and the combined application of IL-2 and IFN-y for the diagnosis of ATB.

Cut-of
value Sensitivity Specificity NPV (%,
Cytokine AUC (95% CI) (pg/mL) (%, 95% CI) (%, 95% CI) PPV (%, 95% CI) 95% CI)
IL-2 0.761 (0.726-0.798) 10.89 0.726 0.747 0.450 (0.396-0.504) 0.905
(0.661-0.784)  (0.714-0.778) (0.880-0.927)
IFN-y 0.771 (0.735-0.807) 23.885 0.740 0.738 0.445 (0.393-0.499) 0.909
(0.675-0.797)  (0.705-0.769) (0.883-0.930)
Combination 0.761 (0.723-0.799) 0.173 0.758 0.718 0.434(0.383-0.485) 0.913

(0.695-0.814)

(0.684-0.750) (0.887-0.934)

Note: Combination: Combined predictor, which were obtained after binary logistic regression analysis of the results of IL-2 and interferon assays. Z, _

Prp2vs 1Ny = 972375 Zip s combination = 9-03825 Pip 5 vs combination = 0-9695; Z,

IFN-y vs Combination =0.3821, pIFN—y vs Combination

2vs 1PNy = 03536,

=0.7024.

Abbreviations: AUC: The area under the receiver operating characteristic curve, NPV: negative predictive value, PPV: positive predictive value.
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whereas the serial combination of IL-2 and IFN-y led to higher
specificity. However, the sensitivity of the parallel combina-
tion wasn't significantly different compared with that of IFN-y.
Similarly, the specificity of serial combination had no significant
differences compared with IL-2. The combination of IL-2 and
IFN-y didn't show a higher value.

The quantitative measurement values of IL-2 and IFN-y in the
ATB group were found to be significantly higher than those in
the non-ATB group. Yu Zhou et al. [28] showed that the AUC
of IFN-y (AUC=0.59) for distinguishing ATB and LTBI was
lower than that of IL-2 (AUC =0.76) based on the principle of the
QFT-TB (QuantiFERON-TB Gold Test) experimental method.
However, Yaoju Tan et al. [29] reported that the AUC of IFN-y
and IL-2 to distinguish ATB and non-ATB was similar (0.865,
0.859). The results of this study showed that the AUC of IL-2 and
IFN-y for distinguishing ATB and non-ATB had no difference
(0.771, 0.762), which was consistent with the conclusion of Yaoju
Tan et al. [29]. The AUC of the combined predictor of IL-2 and
IFN-y also had no difference compared with that of IL-2 and
IFN-y separately. No advantage was shown for the combined ap-
plication of IL-2 and IFN-y. The difference of AUC between IL-2
and IFN-y was not statistically significant, which may be due to
the serious skewness of the qualitative test data and poor data
continuity. This study indicated that IL-2 exhibits higher spec-
ificity, and IFN-y demonstrates higher sensitivity for the diag-
nosis of ATB, suggesting that patients with positive IL-2 results
should be considered for the possibility of ATB, and those with
negative IFN-y results could be ruled out for ATB.

It should be noted that this study had several limitations. Firstly,
this study consecutively collected 970 subjects; the number of
subjects in the non-ATB group (755 subjects) was significantly
higher than that in the ATB group (215 subjects), with an un-
matched number of subjects in the two groups. Secondly, this
study was conducted in a single center with geographical lim-
itations, which warrant further studies with larger sample sizes
to draw more general conclusions. Thirdly, the combined appli-
cation of IL-2 and IFN-y did not show improved diagnostic ef-
fectiveness compared with the individual use of IL-2 or IFN-y.
Other forms of combination, such as IFN-y/IL-2 [2], need fur-
ther investigation.

In conclusion, this study indicated that IL-2 and IFN-y release
assays induced by the fusion protein (ESAT-6/CFP-10/Rv1985c)
were valuable for distinguishing ATB from non-ATB subjects,
with IL-2 exhibiting higher specificity and IFN-y demonstrating
higher sensitivity.
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