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Abstract
Objectives: Interferon-gamma (IFN-γ) release assays (IGRAs) are useful 
for the diagnosis of Mycobacterium tuberculosis infection. Current IGRAs 
use either enzyme-linked immunosorbent assay (ELISA) or enzyme-linked 
immunospot assay, which require complex procedures and techniques to 
determine IFN-γ secretion. We aimed to compare the usefulness of the 
easy-to-use lateral flow assay (LFA) with that of the QuantiFERON-TB 
Gold In-Tube (QFT-GIT) or QuantiFERON-TB Gold Plus (QFT-plus) 
ELISAs for detecting IFN-γ, produced by the blood T cells stimulated by 
tuberculosis (TB) antigen. 

Design and Methods: Following informed consent, 176 participants, 
including health care workers such as TB laboratory workers and 
radiologists, were enrolled for the study from June 2017 to June 2018. 
Blood samples were collected and tested using QFT-GIT and QFT-plus. 
The secreted IFN-γ was quantified by LFA, which took approximately 15 
min, and ELISA, which took approximately 3 h. 

Results: A total of 176 blood samples were screened. The positive rates 
of QFT-GIT and QFT-plus were 34.1% and 37.5%, respectively. Overall 
agreement between QFT-GIT and QFT-plus was 93.1% (κ = 0.86). The 
positive rates of LFA with QFT-GIT tube and QFT-plus tube were 25.6% 
and 31.3%, respectively, overall agreement of LFA being 90.3% (κ = 0.78) 
and 89.2% (κ = 0.77), respectively, compared to the QFT-GIT and QFT-
plus ELISA. 

Conclusions: The ability of LFA to measure IFN-γ was similar to that of 
ELISA. The current findings suggested that the new LFA could be more 
conveniently utilized for diagnosing TB infection. 
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gamma release assays; Enzyme-linked immunosorbent assay

Abbreviations: Mtb: Mycobacterium tuberculosis; TB: Tuberculosis; 
IFN-γ: Interferon-gamma; IGRAs: Interferon-gamma release assays; LFA: 
Lateral flow assay; QFT-GIT: QuantiFERON-TB Gold In-Tube; QFT-plus: 
QuantiFERON-TB Gold Plus; ELISA: Enzyme-linked immunosorbent assay; 
ESAT-6: Early secreted antigenic target 6 kDa; CFP-10: Culture filtrate pro-
tein 10 kDa

Introduction
One-quarter of the world’s population is estimated to be affected by latent 

Mycobacterium tuberculosis (Mtb) infection, approximately 5–10% of which 
eventually develops into active tuberculosis (TB) by the reactivation or re-
infection of Mtb [1]. Accurate diagnosis of latent TB infection is crucial to 
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facilitate early treatment of infectious cases and reduction of 
the spread of TB [2]. 

Latent TB infection can be diagnosed by either the 
tuberculin skin test (TST) or interferon-gamma (IFN-γ) 
release assays (IGRAs); while the former uses a purified 
protein derivative (PPD) from mycobacterial culture fluid, the 
latter uses blood T cells stimulated by specific TB antigens 
[3,4]. The mycobacterial antigens used in IGRAs are not 
found in BCG (which is derived from Mycobacterium bovis) 
or in most non-tuberculous mycobacteria (NTM) causing 
human infection [5]. In areas where BCG vaccinations are 
essential, as in Korea, the specificity of TST is limited [6]. 
However, unlike the TST, IGRAs used for the diagnosis of 
TB infection are highly specific, since they are not influenced 
by BCG vaccination or NTM infection [7,8]. 

The principle of IGRAs is based on cell-mediated immune 
responses to TB, similar to TSTs. When Mtb is introduced 
into the body, T lymphocytes are activated after recognizing 
the TB antigens displayed by antigen presenting cells; the 
activated T lymphocytes then secrete cytokines, such as 
IFN-γ. IFN-γ production by T lymphocytes, stimulated by 
the TB antigens present in IGRAs, is measured and utilized 
to identify patients infected with TB [9-11]. Although IGRAs 
have higher sensitivity and specificity than TSTs, these tests 
are expensive and require specialized equipment and highly 
skilled individuals to perform the tests and interpret the 
results [12]. 

Currently, two major IGRAs, QuantiFERON-TB Gold 
In-Tube (QFT-GIT; Qiagen, Hilden, Germany) and T-SPOT.
TB (T-SPOT; Oxford Immunotec, Abingdon, UK), are 
commercially available [13,14]. The QFT-GIT consists of 
three tubes (a Nil or negative control tube, a TB antigen tube, 
and a Mitogen or positive control tube); the antigen tube 
contains three TB antigens: early secreted antigenic target 
6 kDa (ESAT-6), culture filtrate protein 10 kDa (CFP-10), 
and TB7.7. A sample of the patient’s blood is added to each 
of the three tubes and incubated for 16–24 h. The amount 
of IFN-γ released by stimulated T cells is then measured via 
an enzyme-linked immunosorbent assay (ELISA) [9,15]. 
In the T-SPOT, mononuclear cells isolated from blood are 
incubated with two TB antigens (ESAT-6 and CFP-10) 
for 16–24 h. An enzyme-linked immunospot (ELISPOT) 
assay is then performed to determine the number of T cells 
secreting IFN-γ after being stimulated by the TB antigens. 
The TB-sensitized IFN-γ-releasing T cells are counted as 
spot-forming cells (SFCs) and the test is generally considered 
to be positive if there are more than 8 SFCs/2 × 105 cells 
[13,16,17]. QuantiFERON-TB Gold Plus (QFT-plus), which 
is approved as the 4th generation test, contains four tubes (Nil 
control, TB1, TB2, and Mitogen control). It is also available 
as a 3rd generation test, QFT-GIT, which has one antigen 

tube containing ESAT-6, CFP-10, and TB7.7. One of the TB 
antigen tubes, TB1, contains ESAT-6 and CFP-10 (without 
TB7.7), and specifically targets CD4+ T lymphocytes; the 
second TB antigen tube, TB2, targets both CD4+ and CD8+ 
T lymphocytes. As previously mentioned, one of the major 
disadvantages of these assays is their high cost [18]. These 
assays are also very complex; both ELISA and ELISPOT 
involve multiple steps and require approximately 3 h and 6 h, 
respectively, to complete.

The lateral flow assay (LFA) is generally a paper-based 
chromatography assay. It has several advantages, such as ease 
of use, low cost, and rapid results. With these advantages, 
LFA has been widely used in resource-limited environments 
as point-of-care diagnostic tests [19,20]. Compared to 
ELISA, LFAs are simple and use rapid detection technology, 
providing results in 5–30 min. Until recently, there was no 
commercially available LFA for IFN-γ detection. Boditech 
Med Inc. (Chuncheon, Republic of Korea) has recently 
developed an LFA for IFN-γ detection, namely ichroma™ 
IGRA-TB, for the diagnosis of TB. The feasibility of using 
IGRA-TB as a diagnostic tool has been addressed, and the 
test has been shown to be accurate and capable of diagnosing 
latent TB [21]. 

The ichroma™ IGRA-TB uses a LFA cartridge to detect 
IFN-γ, which is quantitated by a mobile analyzer (ichroma 
™ II reader). It takes 15 min for IFN-γ to react with the anti-
IFN-γ antibody, and the entire process, including testing the 
Nil, TB antigen, and Mitogen tubes, can be completed within 
20 min. Thus, the ichroma™ IGRA-TB cartridge is much 
faster than QFT-Plus IFN-γ ELISA, and has the advantage 
of not requiring any specialized equipment or complex 
laboratory procedures. Another advantage of the ichroma™ 
IGRA-TB cartridge is that it uses time-resolved fluorescence-
based analyzers to improve detection sensitivity over 
conventional gold particles or fluorophore-based rapid tests. 
The ichroma™ IGRA-TB cartridge uses a sandwich assay, 
with both a capture antibody and a detection antibody, for 
IFN-γ measurement. IFN-γ, the analyte in the blood sample, 
reacts with the europium (III) chelate nanoparticle (EuNP)-
conjugated anti-IFN-γ (capture) antibody and the biotinylated 
detection antibody to form a triplet (antibody-analyte-
antibody) complex; the triplet complex is immobilized 
on the solid phase by a biotin-streptavidin system. As the 
amount of IFN-γ antigen in the sample increases, more triplet 
complexes are formed, leading to an increase in the intensity 
of fluorescence signal in the detector.

In this study, we aimed to investigate the diagnostic 
performance of the newly developed LFA (ichroma™ IGRA-
TB cartridge; ichroma™ II, Boditech Med Inc., Republic of 
Korea) for IFN-γ detection to diagnose latent TB infection, 
as well as to compare the results obtained by LFA with those 
from ELISA, using the QFT-GIT or QFT-plus. 
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Statistical analysis
Statistical analyses were conducted using SAS 9.4 (SAS 

Institute, Inc., Cary, NC, USA). Concordance between 
dichotomized QFT-GIT and QFT-plus, each by ELISA 
and ichroma™ IGRA-TB cartridge, was assessed by 
kappa (κ) coefficients, taking into account the probability 
of agreement between two groups occurring by chance. 
Results were defined as ‘poor’ for κ ≤ 0.20, ‘fair’ for 0.20 < 
κ ≤ 0.40, ‘moderate’ for 0.40 < κ ≤ 0.60, ‘good’ for 0.60 < 
κ ≤ 0.80, and ‘excellent’ for 0.80 < κ ≤ 1.00. Indeterminate 
test results were excluded from the analysis of overall 
agreement. Fisher’s exact test examined the significance of 
this association. McNemar’s test and Bowker’s test were 
used for the detection of linkage disequilibrium. The analysis 
outcome was considered statistically significant if p-value < 
0.05. The receiver operating characteristic (ROC) curve was 
drawn using Analyse-it software (Analyse‐it Software Ltd. 
Leeds, UK).

Results
Demographics of the participants 

A total of 176 volunteers were recruited for the study, most 
of whom were health care workers (i.e., clinical technicians, 
radiologists, doctors, and nurses examining and/or treating 
patients with TB) and laboratory researchers studying TB. 
The participation rate was 100% since all 176 volunteers were 
enrolled. The study population was composed of 86 females 
(48.86%) and 90 males (51.14%), the mean age being 38.5 
years (standard deviation (SD) 12.05 years) and median age 
being 34 years (range 22–69 years).

Concordance between QFT-GIT and QFT-plus 
Samples were prepared using QFT-GIT and QFT-plus 

and then analyzed using ELISA and the ichroma™ IGRA-
TB cartridge. ELISA results from QFT-GIT and QFT-plus 
were directly compared. There were 57 concordant positive 
(32.39%), 105 concordant negative (59.66%), 2 indeterminate 
(1.14%), and 12 discordant results (6.82%). Agreement 
between the results from QFT-GIT and QFT-plus by ELISA 
was 93.18% (95% confidence interval (CI): 89.46–96.9%), 
with a κ value of 0.856 (95% CI: 0.778–0.935). The p-value 
obtained by Bowker's test was 0.3916 (Table 1). In case of 
the ichroma™ IGRA-TB cartridge, there were 43 concordant 
positive (24.43%), 117 concordant negative (66.48%), 2 
indeterminate (1.14%), and 14 discordant results (7.95%). 
Agreement between the results from QFT-GIT and QFT-plus 
using the ichroma™ IGRA-TB cartridge was 92.05% (95% 
CI: 88.05–96.04%), with a κ value of 0.8126 (95% CI: 0.719–
0.906). The p-value obtained by Bowker's test was 0.0675 
(Table 2). There was no statistically significant difference 
between the QFT-GIT and QFT-Plus results obtained by 
either ELISA or ichroma™ IGRA-TB cartridge.

Material and Methods
Ethics and study participants

This study was performed by the Korean Institute of 
Tuberculosis, with approval from the Institutional Review 
Board of the Ministry of Health and Welfare, South Korea 
(approval number: P01-201706-31-002). One hundred and 
seventy six subjects, mainly health care workers who provided 
TB diagnostic and treatment services and TB laboratory 
researchers, were enrolled in this study from June 2017 to 
June 2018. All participants in this study provided written 
informed consent and the study followed the Declaration of 
Helsinki.

Testing procedures
Blood samples were collected from all subjects for 

both QFT-GIT and QFT-plus (Qiagen, Hilden, Germany). 
Peripheral blood was collected in lithium heparin tubes from 
each subject, and l mL of this blood was aliquoted in each 
tube. The test consisted of one negative control tube (nil), one 
positive control tube (mitogen), and three antigen tubes: the 
1st antigen tube, from QFT-GIT, contained peptides derived 
from CFP-10, ESAT-6, and TB7.7; the other two antigen 
tubes were TB1 and TB2 from QFT-plus, and contained 
peptides from CFP-10 and ESAT-6. The blood samples were 
incubated for 18–22 h at 37°C. Thereafter, the tubes were 
centrifuged at 2,000–3,000 RCF for 15 min and plasma was 
harvested from the samples for IFN-γ measurement by ELISA 
and LFA. The QFT ELISAs and LFAs (ichroma™ IGRA-
TB cartridge; ichroma™ II, Boditech Med Inc., Republic of 
Korea) were conducted according to each manufacturer’s 
instruction manual. For performing the QFT ELISAs, 50 μl 
of the harvested plasma sample was analyzed. The optical 
density value of each ELISA well was measured at 450 nm 
in a microplate spectrophotometer (BioTek Instruments 
Inc.) and used to calculate the result. The concentration of 
IFN-γ (IU/mL) was determined from the standard curve. For 
performing the LFAs, 100 μl of the harvested plasma sample 
was analyzed. LFA (ichroma™ IGRA-TB cartridge) was 
performed at a wavelength of 613 nm using the ichroma™ 
II reader (Boditech Med Inc.) and the IFN-γ concentration 
was directly calculated in terms of IU/mL. The test results 
of ELISAs and LFAs were determined as negative, 
indeterminate, or positive. The ELISA and LFA results were 
interpreted as recommended by the manufacturer. Results 
were considered positive if the amount of IFN-γ, measured 
after stimulation with TB antigens, minus the amount in the 
negative control (nil), was ≥ 0.35 IU/mL and ≥ 25% of the 
nil. Results were considered negative if the IFN-γ level was 
< 0.35 IU/mL or < 25% of the nil. Results were considered 
indeterminate if the IFN-γ level of the nil was > 8.0 IU/mL or 
antigen minus the nil was ≥ 0.35 IU/mL and < 25% of the nil 
when the nil was ≤ 8.0 IU/mL and the mitogen was < 0.5 IU/
mL.
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Agreement between ELISA and lateral flow assay 
There were 174 valid test results that could be used to 

compare the ELISA with ichroma™ IGRA-TB cartridge, 
after excluding the two indeterminate results. The same QFT-
GIT samples were analyzed by ELISA and ichroma™ IGRA-
TB and results from the two IFN-γ assays were compared. 
The number of positive results obtained by ELISA (34.48%) 
differed slightly from that obtained using the ichroma™ 
IGRA-TB cartridge (25.86%). Agreement between ELISA 
and ichroma™ IGRA-TB was 90.23% (95% CI: 85.82–
94.64%), with a κ value of 0.7702 (95% CI: 0.6686–0.8717). 
The p-value obtained by Bowker's test was 0.0003, which 
indicated very good agreement between the two assays 
(Table 3). Similar results were obtained using the QFT-plus 
samples: 37.93% of the ELISA results and 31.61% of the 

ichroma™ IGRA-TB results were positive. For the QFT-plus 
samples, agreement between ELISA and ichroma™ IGRA-
TB cartridge results was 89.08% (95% CI: 84.45–93.71%), κ 
= 0.7603 (95% CI: 0.6598–0.8609). The p-value was 0.0116, 
indicating good agreement (Table 3). The QFT-plus samples 
were analyzed further by comparing the results from TB1 
with those from TB2. The response correlation between the 
two IFN-γ assays using the QFT-plus TB1 tube is presented 
in Table 4. Agreement between the TB1 results by ELISA 
and that by ichroma™ IGRA-TB was 88.51% (95% CI: 
83.77–93.24%), κ = 0.7416 (95% CI: 0.6375–0.8457). The 
number of positive results from TB2 samples was higher than 
that from TB1 samples. Overall agreement between the two 
IFN-γ assays using TB2 samples was also higher than that 
from TB1 samples, and so was the κ value (Table 4).

ELISA
QFT-GIT

P* Overall agreement Kappa
Positive Negative ID Total

QFT-plus

Positive 57 9 0 66 0.3916

Negative 3 105 0 108 0.9318 0.8563

ID 0 0 2 2 (0.8946–0.9691) (0.7779–0.9348)

Total 60 114 2 176

Table 1: Results of QFT-GIT and QFT-Plus measured by ELISA.

ELISA enzyme-linked immunosorbent assay, QFT-GIT QuantiFERON-TB Gold In-Tube, QFT-plus QuantiFERON-TB Gold Plus, ID indeterminate. 
*p-value obtained by Bowker's test.

QFT-GIT QuantiFERON-TB Gold In-Tube, QFT-plus QuantiFERON-TB Gold Plus, ID indeterminate.
* p-value obtained by Bowker's test.

iCHROMA 
QFT-GIT

P* Overall agreement Kappa
Positive Negative ID Total

QFT-plus

Positive 43 12 0 55 0.0675

Negative 2 117 0 119 0.9205 0.8126

ID 0 0 2 2 (0.8805–0.9604) (0.719–0.9061)

Total 45 129 2 176

Table 2: Results of QFT-GIT and QFT-Plus measured by ichroma™ IGRA-TB cartridge.

ELISA
QFT-GIT Tubes QFT-plus Tubes

Positive Negative Total Positive Negative Total

iCHROMA

Positive 44 1 45 51 4 55
Negative 16 113 129 15 104 119
Total 60 114 174 66 108 174
P* 0.0003 0.0116

Overall agreement
0.9023 0.8908

(0.8582–0.9464) (0.8445–0.9371)

Kappa
0.7702 0.7603

(0.6686–0.8717) (0.6598–0.8609)

ELISA enzyme-linked immunosorbent assay, QFT-GIT QuantiFERON-TB Gold In-Tube, QFT-plus QuantiFERON-TB Gold Plus. *p-value obtained 
by McNemar’s test.

Table 3: Comparison between ELISA and ichroma™ IGRA-TB cartridge using QFT-GIT and QFT-plus tubes.
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ELISA
QFT-plus TB1Tubes QFT-plus TB2 Tubes

Positive Negative Total Positive Negative Total

iCHROMA

Positive 47 2 49 50 3 53
Negative 18 107 125 13 108 121

Total 65 109 174 63 111 174
P* 0.0003 0.0124

Overall agreement
0.8851 0.908

(0.8377–0.9324) (0.8651–0.951)

Kappa
0.7416 0.7939

(0.6375–0.8457) (0.6986–0.8892)

Abbreviations: ELISA enzyme-linked immunosorbent assay, QFT-plus QuantiFERON-TB Gold Plus
*p-value obtained by McNemar’s test.

Table 4: Comparison between ELISA and ichroma™ IGRA-TB cartridge using QFT-plus TB1 tubes and QFT-plus TB2 tubes.

Result of ELISA Diagnostic accuracy of ichroma™ IGRA-TB cartridge

Positive Negative Total AUC (95% CI) Standard Error

TB antigen tube in QFT-GIT 60 114 174 0.946 (0.900–0.992) 0.023

TB1 antigen tube in QFT-Plus 65 109 174 0.959 (0.924–0.994) 0.018

TB2 antigen tube in QFT-Plus 63 111 174 0.951 (0.911–0.990) 0.02

AUC area under the curve, CI confidence interval, ELISA enzyme-linked immunosorbent assay, QFT-GIT QuantiFERON-TB Gold In-Tube, QFT-
plus QuantiFERON-TB Gold Plus.

Table 5: Comparison of diagnostic accuracy for latent tuberculosis by area under the curve (AUC) based on ELISA and ichroma™ IGRA-TB 
cartridge.

Figure 1: Receiver operating characteristic (ROC) curves for ELISA and ichroma™ IGRA-TB cartridge. (A) ROC curves for ELISA and 
ichroma™ IGRA-TB cartridge with TB antigen tube of QFT-GIT; (B) ROC curves for ELISA and ichroma™ IGRA-TB cartridge with 
TB1 antigen tube of QFT-plus; (C) ROC curves for ELISA and ichroma™ IGRA-TB cartridge with TB2 antigen tube of QFT-plus. ELISA: 
enzyme-linked immunosorbent assay; QFT-GIT: QuantiFERON-TB Gold In-Tube; QFT-plus: QuantiFERON-TB.
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ROC curve analysis
Diagnostic value of the ichroma™ IGRA-TB cartridge 

was evaluated by ROC curve analysis. Area under the curve 
(AUC) was measured for all 174 samples to determine 
the usefulness of the ichroma™ IGRA-TB cartridge in 
differentiating between positive and negative samples. 
AUC value for the QFT-GIT samples, evaluated using the 
ichroma™ IGRA-TB cartridge, was 0.946 (95% CI: 0.900 
to 0.992). The ROC curve is shown in Figure 1A and the 
data are summarized in Table 5. ROC curve analysis was 
also performed to evaluate the diagnostic value of ichroma™ 
IGRA-TB cartridge, when it was used to study the TB1 and 
TB2 samples. AUC value for the TB1 samples was 0.959 
(95% CI: 0.924 to 0.994) and that for the TB2 samples was 
0.951 (95% CI: 0.911 to 0.990), as shown in Figure 1B and 
1C, and Table 5. 

Discussion
In 2001, the QuantiFERON test, which used non-specific 

PPD as an antigen to stimulate Mtb-sensitized T lymphocytes, 
was approved by the US Food and Drug Administration 
(FDA) for the diagnosis of latent TB infection. Subsequently, 
a 2nd generation test, QuantiFERON-TB Gold (QFT-G, 
Cellestis Limited, Carnegie, Victoria, Australia), was 
developed using ESAT-6 and CFP-10, instead of PPD, and 
was approved by the FDA in 2005. Early versions of ex-
vivo IFN- γ tests used only ESAT-6 as the antigen; newer 
versions began using ESAT-6 and CFP-10 together [8,9]. 
The combination of antigens increased the sensitivity [10], 
since human leukocyte antigen (HLA) type is different for 
each individual, and response to the antigen is also different 
[11]. This implied that addition of other antigens, specific for 
Mtb, may enhance sensitivity of the ex-vivo IFN-γ detection 
method. The QFT-Plus assay, rather than QFT-GIT, was 
developed to increase the sensitivity to active TB through the 
use of two antigen tubes, TB1 and TB2, in order to induce an 
IFN-γ response in CD4+ and CD8+ T lymphocytes [16,22,23]. 
This assay reflected the results as positive when any of the 
analytical values of TB1 or TB2 reached the criterion value 
[24,25].

In a previous study, our results had shown that LFA 
could detect INF-γ and be used for diagnosing latent TB 
[21]. This study was intended to evaluate the performance 
of the ichroma™ IGRA-TB cartridge (Boditech Med Inc.) 
and to compare it with that of the existing commercial 
ELISA (QIAGEN) currently used for IFN-γ measurement. 
To compare the IFN- measurement capabilities of ELISA 
and ichroma™ IGRA-TB cartridge, TB antigen tubes from 
QFT-GIT and QFT-plus were used. First, we evaluated the 
concordance between results from samples prepared using 
QFT-GIT versus QFT-Plus and measured by ELISA and 
the ichroma™ IGRA-TB cartridge. The concordance rate 

between the results from samples prepared by QFT-GIT and 
QFT-Plus and measured by ELISA was 93.18%. When the 
ichroma™ IGRA-TB cartridge was used, the concordance 
rate was 92.05%. In Table 4, QFT-Plus analysis showed a 
slightly higher positive rate in TB2 (28.74%) than in TB1 
(27.01%). However, in Table 5, ROC value was slightly 
higher in TB1 than in TB2. Since the difference was not 
statistically significant, future studies including a larger 
study population with greater statistical power would be 
recommended to determine whether there is a difference in 
agreement between QFT-GIT and QFT-Plus when measured 
by LFA.

The following issues were noted in IGRA results. The 
results may be read as indeterminate due to technical problems 
in sample preparation, for example, delay in sample analysis, 
inability to operate antigens, immune degradation, and 
increased basal interferon gamma responses [12]. Discordant 
results were found in a small number of samples; majority 
of samples with discordance had quantitative results close 
to the cutoff value (0.2 to 0.7 IU/mL) [22,24]. Our data also 
showed discordant results, which were mainly at the border 
of the assay cutoff. If the amount of IFN-γ secreted is less, the 
sample may be detected as negative, instead of positive, when 
measured by ELISA or Rapid kit. We had two indeterminate 
cases with IFN-γ levels of over 8.0 IU/mL at the Nil Control 
of QFT-GIT and QFT-plus, as analyzed by ELISA and LFA.

ELISA is a common method for measuring IFN-γ. 
Although it can analyze multiple samples simultaneously, 
it is difficult to perform in a laboratory that does not have 
a specialist familiar with the ELISA process, including 
repeated incubation, washing, and activating the enzyme 
reactions to generate the signal. LFA is one of the simplest 
point-of care tests. It has several advantages in terms of 
speed, ease of use, and cost effectiveness. Thus, the use of 
LFA technology would be beneficial for the diagnosis of 
TB infection in resource-constrained environments [26,27]. 
There are a few areas for improvement in the current LFA. To 
improve accuracy, IFN-γ detection capability close to the cut-
off value would need to be enhanced. In ELISA of the QFT-
GIT, results close to the cut-off value show test variability 
[28]. In the present QFT-GIT and QFT-plus ELISA results, 
even in the same sample, positive or negative results were 
obtained when the cut-off value was close to 0.35 IU. In this 
study, LFA has been successfully implemented in resource-
limited environments and has shown that it can be applied to 
current LFA-based latent TB diagnosis. 

Conclusion
Our study evaluated the applicability of the newly 

developed and easy-to-use LFA, and compared it with 
ELISA of QFT-GIT or QFT-plus. Agreement between 
ELISA and ichroma™ IGRA-TB cartridge was 90.23% using 
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QFT-GIT and 89.08% using QFT-plus. In the ROC curve 
analysis, AUC value of ichroma™ IGRA-TB cartridge did 
not show any significant difference from that of conventional 
ELISA. These results indicated strong agreement between 
ELISA and ichroma™ IGRA-TB cartridge results. Our study 
demonstrated the diagnostic performance of ichroma™ 
IGRA-TB cartridge and showed its feasibility as a substitute 
for ELISA.
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