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Abstract

Latent tuberculosis (TB) refers to a state in which an individual is infected with Mycobacterium
tuberculosis but shows no clinical symptoms. The World Health Organization estimates that
23% of the global population has latent TB, which poses a significant public health challenge
owing to the risk of progression to active TB. Diagnosis of latent TB involves tests, such as
the tuberculin skin test (TST) and interferon-gamma release assays (IGRAs). The TST can
yield false positives due to prior Bacillus Calmette-Guérin (BCG) vaccination, whereas IGRAs
offer higher specificity and are unaffected by BCG vaccination. Factors, such as age and
recent vaccinations, can affect test performance. Treatment with isoniazid and rifampicin is

‘ recommended for those diagnosed, as it has been shown to prevent 80%-90% of active TB

'.) cases, although more extended follow-up studies are needed to confirm its long-term efficacy.

%f;)%cal;égr Indeterminate IGRA results, especially in immunocompromised individuals, add complexity

to the diagnosis and treatment decisions, highlighting the need for careful interpretation.

a OPEN ACCESS Further research is vital to improve the diagnostic accuracy, interpretation, and treatment
effectiveness.
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Latent tuberculosis (TB) refers to a state in which an individual is infected with Mycobacterium

tuberculosis infection without any clinical, radiological, or microbiological evidence of active TB disease [1].
@@@@ This is an Open Access ) ) ) )
TETMTE article which is freely After M. tuberculosis enters the body, it undergoes several stages before progressing to active TB. To

available under the Creative Commons
Attribution-NonCommercial-NoDerivatives
4.0 International License (CC BY-NC-ND) TB, the concepts of ‘incipient TB’ and ‘subclinical TB’ have been introduced [2]. Incipient TB refers to a
(https.//creativecommons.org/licenses/by-
nc-nd/4.0)).

describe the continuous disease progression that can move bidirectionally between TB infection and active

state in which the immune system suppresses M. tuberculosis, yet the bacteria proliferate within granulomas,
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posing a potential risk of future progression to active TB. At this stage, M. tuberculosis is not yet expelled;
therefore, there is no transmission risk and there are no radiological signs, making it undiagnosable through
clinical tests. Subclinical TB is characterized by the beginning of M. tuberculosis expulsion from granulomas,
where sensitive diagnostic tests may detect M. tuberculosis and radiological traces may be observed.
However, there are no clinical symptoms, and sputum is typically not produced, making it challenging to
obtain proper clinical samples for diagnosis. Latent TB tests yield positive results throughout the TB infection
continuum, from TB infection to incipient TB, subclinical TB, and active TB. However, these stages cannot
be distinguished. The infectivity and serological test results are shown schematically in Fig. 1. Nonetheless,

they are used to screen patients exposed to M. tuberculosis, even in the absence of microbiological or

radiological evidence [3].
Uninfected TB infection Incipient TB Subclinical TB Active TB
No transmission No transmission Minimal transmission risk Potentially transmissible Highly transmissible
Negative TST/IGRA Positive TST/IGRA Positive TST/IGRA Positive TST/IGRA Positive TST/IGRA

Fig. 1. Schematic representation of the tuberculosis infection continuum in relation to infectivity and immunologic test results. Abbreviations:
TB, tuberculosis; TST/IGRA, tuberculin skin test/interferon-gamma release assays

Objectives

This narrative review aims to describe the principles and clinical applications of interferon-gamma release
assays (IGRAs) in latent tuberculosis diagnosis|. It examines their advantages over tuberculin skin test (TST),
factors affecting performance, and the clinical significance of indeterminate results, emphasizing the need for

improved diagnostic accuracy and treatment effectiveness.

Epidemiology and clinical significance of latent TB

Without a gold standard for diagnosing latent TB, accurately assessing the global burden is challenging.
However, a2016 WHO report estimated that 23% of the global population was affected based on TST results
[1]. A meta-analysis of studies published between 2005 and 2018 reported an infection rate of 24.8% (19.7%-
30.0%) based on IGRAs and 21.2% (17.9%-24.4%) with TST [3]. In South Korea, according to a 2022
IGRA report by the Korea Disease Control and Prevention Agency, 20.0% of individuals tested positive for
latent TB in group facilities. However, the positive rates varied among different groups; the highest positive
rate was observed in correctional facilities at 37.1%, while military units had a rate of 9.6%, and schools had
arate of only 6.7% [4]. In another study conducted in 2019 using IGRA, the positivity rate among healthcare
workers was 9.8%, and there was no significant association between working in TB-related departments and
positive latent TB infection [5].
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The burden of active TB is higher in the low- and middle-income countries [6]. According to WHO
reports, although the incidence of active TB has decreased, the number of individuals with latent TB
infection remains alarmingly high, particularly among vulnerable groups, such as those with human
immunodeficiency virus (HIV) infection and healthcare workers [7]. Although patients with latent TB should
be monitored for progression to active TB, not all individuals with latent TB progress to active TB [8]. The
annual incidence of active TB among untreated individuals with latent infection and positive IGRA results
varies widely depending on the study population. Pooled data from TB contacts reported an incidence of
17.0 per 1000 person-years [9]. In a rural Chinese cohort with QFT positivity, the incidence was 8.7 per 1000
person-years [10]. A U.S. cohort of high-risk immigrants demonstrated a lower rate of 1.4 per 1000 person-
years [11]. Among HIV-infected individuals with positive IGRA results, the incidence reached 15.2 per 1000
person-years [ 12]. Groups with a higher rate of progression to active TB include those with HIV/AIDS, those
undergoing immunosuppressive therapy, and individuals with a history of active TB [7].

According to the results of a national latent TB screening program conducted on one million people in
South Korea in 2017 and 2018 and followed up for an average of 2.2 years, the incidence of active TB based
on IGRA results was reported as 10.6 per 100,000 person-years for [GRA-negative individuals. However, it
was significantly higher at 173.1 per 100,000 person-years in those who were IGRA-positive. Nonetheless,
for IGRA-positive individuals who receive appropriate treatment, the incidence could be reduced to 31.8 per
100,000 person-years [13]. Therefore, active screening and treatment programs should be implemented.

Laboratory diagnosis of latent TB

Tests for latent TB include the TST and blood-based IGRAs. The TST involves injecting a purified protein
derivative (PPD, a soluble growth product extracted from TB bacteria), intradermally and measuring the
diameter of induration 48-72 hours later [ 14]. A diameter of 10 mm or more is considered positive [15]. False
positives can occur due to atypical mycobacteria or a history of Bacillus Calmette-Guérin (BCG) vaccination.
False negatives can be caused by viral infections (e.g., measles, mumps, chickenpox, and influenza),
immunosuppression (due to medication or protein malnutrition), aging, stress, coexisting conditions (e.g.,
sarcoidosis, malignant tumors, and lymphoma), HIV infection, live virus vaccinations, technical errors, or
reagent degradation [15].

IGRA is a method for diagnosing TB by measuring interferon gamma released from T lymphocytes
sensitized to M. tuberculosis antigens [1,16]. Its advantages include higher sensitivity compared to the TST,
applicability in immunocompromised individuals, unaffected by the BCG vaccination, and the ability to
complete the test in a single visit [17]. The disadvantages include a potentially more complex interpretation
and higher cost compared to TST [18]. Based on the Korean National Health Insurance reimbursement
system, the official medical fee for IGRA is 585.1 points (approximately 40.5 USD), whereas that for TST
is 62.6 points (approximately 4.3 USD), indicating that IGRA is nearly ten times more expensive than TST
[19,20]. The antigens used in IGRA tests may vary slightly between manufacturers when using enzyme-
linked immunosorbent assay (ELISA), but commonly include early secreted antigenic target 6 kDa (ESAT-6),
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culture filtrate protein 10 (CFP-10), and TB7.7 [21]. In the case of enzyme-linked immunospot (ELISPOT),
ESAT-6 and CFP-10 are used [22]. For the QuantiFERON-TB Gold Plus kit (IGRA testing measured by
ELISA), blood is collected into four tubes in the following critical order: Nil (negative control), TB1, TB2,
and Mitogen (positive control) [21]. TB1 contains the long peptides ESAT-6 and CFP-10 that stimulate
the CD4 + T-cell immune response. TB2 contains short peptides, in addition to the peptides in TB1 that
elicit both CD4 and CDS8 T cell immune responses [23]. In cases where the IGRA test result is positive, it is
common for both TB1 and TB2 to simultaneously show positivity. However, there are instances where only
TB2 is positive, which is likely due to a CD8 + T-cell response. Furthermore, it is also possible to observe
a negative result upon follow-up testing [24]. It is impossible to directly and comprehensively compare all
available kits, considering the heterogeneity of study design, different target populations, limited data among
the newly developed kits, and the possibility of manipulations by the manufacturers.

In South Korea, commercialized IGRA that are currently in use include the QuantiFERON-TB Gold Plus
(Qiagen) and T-SPOT.TB (Oxford Immunotec), Standard E TB-Feron Enzyme-Linked Immunosorbent
Assay (SD Biosensor), Advansure TB-IGRA (Invitros), and the ichroma™ IGRA-TB (Boditech Med Inc.)
[17,25,26]. In 2011, the WHO recommended the use of QuantiFERON-Gold (QFT-G), QuantiFERON-
TB Gold In-Tube (QFT-GIT), and Oxford Immunotec T-SPOT.TB. In an online advisory meeting held
in October 2021, the WHO concluded that Beijing Wantai’s TB-IGRA (Wantai) was comparable to that
of the QuantiFERON-TB Gold Plus (QFT-Plus) [21]. However, for other products, the available studies
are heterogeneous in terms of population, sample size, and methodology, and additional data are required,
highlighting the need for continued comparative evaluation studies involving various groups.

T-SPOT.TB is an IGRA that detects the release of interferon-gamma (IFN-y) from T-cells in response to
M. tuberculosis-specific antigens measured using the ELISPOT [27]. The test involves separating peripheral
blood mononuclear cells, washing them to remove potential interfering factors, and counting live T cells.
This methodology aims to minimize indeterminate results, particularly in patients with compromised
immune systems. Bae et al. [28] compared the sensitivity of QFT-GIT and T-SPOT.TB in elderly and
immunocompromised groups. The overall sensitivity of QFT-GIT and T-SPOT.TB are 80.2% and 91.0%,
respectively. Among the immunocompromised patients, the indeterminate results are significantly lower for
T-SPOT.TB (2.4%) than QFT-GIT (13.1%) [28]. Another study by Redelman-Sidi et al. [29] evaluated the
performance of IGRAs in diagnosing latent TB among immunocompromised adults, including individuals
with HIV infection and those receiving corticosteroids. It was observed that T-SPOT.TB is less affected by
low CD4+ T-cell counts than QFT-GIT, suggesting a potential advantage in certain immunocompromised
populations [29]. In September 2020, the T-SPOT.TB received FDA premarket approval for the use of this
test in individuals 2 years of age and older [30].

Factors affecting latent TB testing

Age is related to the performance of latent TB testing. According to the 5th edition of the Korean guidelines
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for TB, it is recommended to use the TST for individuals under 5 years of age and either the TST or IGRA
for those older than 5 years [31]. This is because the sensitivity of the IGRA is lower than that of the TST in
children under 5 years of age. This reflects concerns that IGRA may have reduced sensitivity in very young
children, particularly those under 2 years of age, and the limited evidence base in this group. Consistent with
this, the American Thoracic Society/Infectious Diseases Society of America/Centers for Disease Control
and Prevention and American Academy of Pediatrics guidelines generally favor TST for young children (<
5 years and < 2 years, respectively) [32]. Similarly, Korean guidelines advise against IGRA as a first-line test
in children younger than 5 years of age [31]. Nevertheless, exceptions have been recognized in the context
of the BCG vaccination. If BCG is administered after 1 year of age or if a child received two or more BCG
doses, Korean guidelines recommend IGRA even in children under 5 years of age [31]. This is because
IGRA uses M. tuberculosis—specific antigens (ESAT-6 and CFP-10) that are absent in BCG strains; thus,
IGRA is unaffected by prior BCG vaccination or by most environmental mycobacteria [33]. In contrast, TST
relies on PPD, which shares antigens with BCG, leading to false-positive results [32]. Importantly, the effect
of BCG on TST can persist for decades, and its impact is most pronounced in young children [34]. If TST
and IGRA are performed simultaneously, blood collection for IGRA should be conducted on the day the TST
is read (48-72 hours later) [35]. Performing IGRA for more than 4 days after TST administration can increase
the likelihood of a positive IGRA result [31].

Research on the utility of the IGRA in children is ongoing. A meta-analysis reported that the sensitivity
of IGRA in children under 18 years of age with microbiologically confirmed TB was between 88.5% and
89.6%, showing no significant difference compared to TST (88.2%). In contrast, the IGRA (exceeded 95.0%)
has a significantly higher specificity than that of the TST (86.3%) [36]. In another study, the sensitivity of
IGRA in children, aged 5 to 18 years, was 95.7%, which was significantly higher than that of the TST (82.6%)
[37]. Further research is required to evaluate the utility of the IGRA in children. In a retrospective study
conducted in the United States on external arrivals, such as TB contacts, immigrants from endemic countries,
and refugees, children under two years of age showed a positive response to mitogens, suggesting that IGRA
could assist in diagnosing latent TB in this age group. However, only 8 of 116 individuals received anti-TB
treatment in this study; therefore, sensitivity and specificity were not assessed [38].

The effect of other vaccines on latent TB testing is currently being investigated. Although there are no
definitive data on whether live vaccines affect latent TB testing, concerns have been raised that an anergic
state induced by vaccination could lead to false-negative TST results. The TST and live vaccines can be
administered simultaneously on the same day. However, considering the potential impact, it is recommended
to wait for 4 weeks after a live vaccine before performing the TST [39]. The same applies to IGRA [40].
One study investigated the effect of coronavirus disease 2019 vaccines on IGRAs. This study included 134
individuals who received either the AstraZeneca-Oxford ChAdOx1 vaccine or the Moderna mRNA-1273
vaccine [41]. QuantiFERON-TB Gold Plus results were compared before and after the vaccination. The
results showed an increase in both nil and mitogen values post-vaccination; however, this increase did not

significantly affect the interpretation of the IGRA results [41].
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Clinical significance of indeterminate results

Indeterminate IGRA test results are a frequent challenge in the laboratory. The indeterminate IGRA
results indicate that the test could not reliably determine the presence or absence of M. tuberculosis infection
[42]. By definition, these results arise when the assay fails to meet criteria for either a positive or negative
outcome, typically due to an insufficient IFN-y response to the mitogen control or high background
inferences in the negative control. Extra care is necessary when interpreting these results, particularly for
immunocompromised individuals. In a meta-analysis of 28 studies involving 14,792 immunocompromised
individuals, the risk of active TB among those with indeterminate results was found to be low, with a
risk ratio of 0.5 (95% confidence interval [CI], 0.3-0.8), when compared to positive results. However, the
risk was significantly high, with a risk ratio of 2.9 (95% CI, 1.8-4.9), when compared to negative results.
Taken together, these suggest that indeterminate results could be clinically significant [43]. Moreover, in
immunocompromised patients, the incidence of indeterminate latent TB testing results may be elevated.
Conditions which are managed by immunosuppression, such as HIV infection, chronic kidney disease, organ
transplantation, have been the focus of current research. Based on clinical significance, particular attention
should be paid to individuals with decreased renal function (2.9%-9.7%), inflammatory conditions, specific
systemic autoimmune theumatic diseases (such as inflammatory bowel disease [0.6%—22%]), and complex
physiological states associated with dynamic inflammatory responses (such as pregnancy [13%—16%)]
and the postpartum period [0%—1%]) [44-51]. The risk factors contributing to indeterminate outcomes of
QuantiFERON-TB Gold Assays are summarized in Table 1.

Table 1. Indeterminate results from QuantiFERON-TB Gold Assays in different populations

Study

Sample

Author . Region . Target disease Indeterminate rate Risk factor
period size
Ogawactal. [44]  2016-2017 Japan 118 Hemodialysis 5.9% Long-term hemodialysis, older age (> 60 years)
Edathodu etal. [45] 2008-2013  Saudi Arabia 278 ESRD, pre- and 2.9% Use of immunosuppressants, ESRD
post-transplant
Kim etal. [46] 2010-2013  South Korea 784 Kidney and 9.7% Use of immunosuppressants
pancreas transplant
Stevensetal. [47]  2011-2017 USA 859 Pediatric IBD Diagnosis: 10.3%, High disease activity, malnutrition
(Georgia) Treatment: 5.3%
Kurti et al. [48] 2013-2014 Hungary 166 IBD (Only stable 0.6% Smoking, use of immunosuppressants
patients included)
Hakimian et al. [49] 2008-2016 USA IBD: 107, IBD,RA IBD: 22%, High-dose steroids (> 20 mg), elevated ESR/CRP
(Massachusetts) RA: 89 RA: 7%
Weinberg etal. [S0] 2020 Multinational 944 Pregnant women ~ Pregnancy: 13%, Low CD4+ T=cell count (< 350 cells/uL),
(Afiica, Asia, with HIV Postpartum: 1%  pregnancy-induced immunosuppression
Caribbean)
LaCourseetal. [51] 2014-2015 Kenya 100 Pregnant women  Pregnancy: 16%,  Pregnancy-related immune changes, low CD4+
with HIV Postpartum: 0%  T-cell count

Abbreviations: ESRD, end-stage renal disease; IBD, inflammatory bowel disease; RA, rheumatoid arthritis; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein; HIV, human immunodeficiency virus.

Annals of Clinical Microbiology 2025 September Vol.28(3)



Interferon-gamma release assays for latent tuberculosis

The interpretation is less straightforward in immunocompetent individuals. While indeterminate results still
indicate that the latent TB status cannot be defined, there are no universally accepted guidelines for follow-up.
In clinical practice, repeating the IGRA or performing a TST may be considered [52]. Meta-analyses indicate
that individuals with indeterminate results have an intermediate risk of progression to active TB, which is
higher than that in those with negative tests but lower than that in those with positive tests [43]. In such cases,
repeat testing or adjunctive diagnostic evaluation (e.g., chest imaging and clinical risk stratification) may be
warranted to refine clinical decision-making [31].

Efficacy of latent TB treatment

Isoniazid and rifampicin can be administered to individuals diagnosed with latent TB. According to the
Korean Disease Control and Prevention Agency’s report on the 2017-2018 national latent TB screening
project for workers in group facilities, active treatment has been reported to prevent 80%-90% of active
TB cases. However, because the follow up was relatively brief (2.24 years), future long-term follow-up
studies are necessary [13]. Another study involving 1,120,948 participants from the Korean National Health
Screening Program between 2017 and 2020 indicated that the IGRA-positive/untreated group had 121.4
cases per 100,000 person-years compared with 23.6 cases in the IGRA-positive/treated group, highlighting
the benefits of active treatment. Based on interferon levels from IGRA test results, the hazard ratio was
6.56 for the Q1 (0.35-0.67 IU/mL) group and 31.81 for the Q4 (3.33—-10 IU/mL) group, a difference of
approximately 4.9 times [53]. These findings are valuable for developing efficient screening and treatment
plans for latent TB. These results underscore the utility of IGRA for risk stratification of latent TB, although
it should not be used for monitoring treatment response or for diagnosing relapse or reinfection after the

completion of TB therapy.

Conclusion

Latent TB represents a continuum, ranging from incipient to subclinical and active, affecting
approximately 25% of the global population. TST and IGRA are used for diagnosis, although both tests
cannot be used to differentiate infection stages. Moreover, these tests cannot be used to monitor treatment
responses. Nevertheless, IGRA offers higher specificity and is unaffected by BCG vaccination, but is
more expensive and more likely to yield indeterminate results, particularly among immunocompromised
individuals or those with physiologically dynamic states, such as renal dysfunction, autoimmune disease, or
pregnancy. Indeterminate results are clinically significant with a higher risk of progression than negative tests.
Importantly, treatment of latent TB reduces the risk of active TB by up to 80%—90%. Overall, IGRA-based
risk stratification aids in identifying high-risk groups, while also emphasizing the ongoing need to develop
complementary methods for treatment monitoring or diagnosing relapse/reinfection.
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