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Latent tuberculosis infection (LTBI) remains a significant
global health challenge, contributing to the persistence of
active tuberculosis (TB) cases. Early and accurate detection
of LTBI is essential for effective TB control strategies, yet
current diagnostic methods face substantial limitations. The
tuberculin skin test (TST) and interferon-gamma release
assays (IGRAs) are widely used, but both exhibit variable
sensitivity, specificity, and logistical constraints, particularly
in low-resource settings. Moreover, distinguishing LTBI from
active TB and determining the risk of progression to active
disease remains an ongoing issue. This article reviews the
current diagnostic landscape for LTBI, highlights existing
gaps, and explores emerging technologies with the potential
to enhance diagnostic accuracy and accessibility. Addressing
these challenges is crucial for improving global TB
prevention efforts and achieving the goals outlined in the
End TB Strategy.
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my6epKy1UH08asi  KOXCHAS WUPOKO  UCNOAL3YHOMCS, HO 06a  O0eMOHCmpupynom
npoba, duazHocmuueckue pPA3/UYHY ~ YY8CMBUMEAbHOCMYb,  Cneyu@uyHoCcms U
npob6.iembi, 6opvba c Jo2ucmuveckue 02paHUYeHus, OCOOGEeHHO 8 YC/A08UsIX
myb6epKy./1e30M, Hogble 02paHUYeHHbIX pecypcos. bosee moeo, pasauveHue JITBH
duazHocmuyeckue om aKmueHoz20 mybepKy/e3a Uu onpedejeHue pucka
cpedcmea, obwecmeeHHoe npoepeccuposaHusi 8 aKmugeHoe 3a60./1e8aHue ocmaemcs
30pasooxpaHeHue. aKkmya/abHou npo6semoti. B amolti cmamoe

paccmampusaemcst mekywasi duazHOCmMu4eckass KapmuHda
JITBH, noduepkuearomcsi cywecmsywwue npobeasl U
usy4armecsi  Hoeble  MEXHO./02ul, Komopbvle  Mo2ym
nosvicums MoOYHOCMb U AOCMYynHOCMb OJUA2HOCMUKU.
PeweHue smux npobsiem umeem pewarujee 3HavyeHue 05
YAY4YWeHUs: 24106a/4bHblX  ycuaull ho npoguaakmuke
myb6epkysne3a u docmudceHusi yeael, U3/JA0HCEHHbIX 8
Cmpamezuu no aukgudayuu myb6epKy.ie3d.

Relevance. Tuberculosis (TB) remains a significant global health concern, with the
World Health Organization (WHO) reporting over 8 million new cases and approximately 1.25
million deaths in the past year (Associated Press, 2024). Central to the persistence of TB is
latent tuberculosis infection (LTBI), a state in which individuals harbor Mycobacterium
tuberculosis without manifesting active disease symptoms. It is estimated that nearly one-
fourth of the global population is latently infected with TB (Trauer et al.,, 2023).

The diagnosis of LTBI is fraught with challenges, primarily due to the asymptomatic
nature of the infection and the limitations inherent in current diagnostic tools. The tuberculin
skin test (TST), despite its widespread use, suffers from low predictive value and potential
cross-reactivity with Bacille Calmette-Guérin (BCG) vaccination (Pai et al, 2016). Similarly,
interferon-gamma release assays (IGRAs) offer certain advantages but are not without
limitations, particularly in distinguishing LTBI from active TB (Sester et al.,, 2023).

Addressing these diagnostic challenges is imperative for effective TB control and
eventual eradication. This necessitates the development of novel diagnostic methodologies
and biomarkers with higher predictive values to accurately identify individuals at risk of
progressing to active disease (Lawn & Zumla, 2016). Such advancements are crucial to
enhance global TB prevention strategies and align with the objectives outlined in the End TB
Strategy.

Traditional Diagnostic Methods

The Tuberculin Skin Test (TST), developed over a century ago by Robert Koch, has been
a cornerstone in LTBI diagnosis. This test involves the intradermal injection of purified
protein derivative (PPD) and subsequent measurement of induration to assess immune
response. Despite its widespread use, TST has notable limitations, including cross-reactivity
with Bacille Calmette-Guérin (BCG) vaccination and environmental mycobacteria, leading to
false-positive results. Additionally, TST requires a follow-up visit for result interpretation,
posing logistical challenges in certain settings (Pai et al.,, 2016).
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Interferon-Gamma Release Assays (IGRAs) represent a more recent advancement in
LTBI diagnostics. These blood tests, such as QuantiFERON-TB Gold and T-SPOT.TB, measure
the release of interferon-gamma in response to specific Mycobacterium tuberculosis antigens.
IGRAs offer improved specificity compared to TST, particularly in BCG-vaccinated
populations, and do not require a return visit for result reading. However, their sensitivity can
be variable, and they may not reliably distinguish between LTBI and active TB (Sester et al.,
2023).

Challenges in Current Diagnostic Approaches

Both TST and IGRAs detect immune sensitization to M. tuberculosis antigens but cannot
differentiate between latent infection and active disease. Moreover, these tests do not predict
the risk of progression from latent infection to active TB, limiting their utility in targeted
preventive therapy. Factors such as immunosuppression, malnutrition, and co-infections can
further affect the performance of these tests, leading to false-negative results (Centers for
Disease Control and Prevention [CDC], 2024).

Emerging Diagnostic Technologies

Advancements in molecular diagnostics and machine learning are paving the way for
novel approaches to LTBI detection. Research into host-derived biomarkers, such as specific
gene expression signatures and cytokine profiles, holds promise for more accurate
identification of LTBI and assessment of progression risk. Machine learning algorithms are
being explored to enhance the predictive value of existing diagnostic tests by integrating
clinical, demographic, and immunological data (Trauer et al., 2023).

While traditional methods like TST and IGRAs have been instrumental in LTBI diagnosis,
their limitations necessitate the development of more precise and predictive tools. Emerging
technologies offer potential improvements, but further research and validation are required
before widespread implementation. Addressing these diagnostic challenges is essential for
effective TB control and aligns with global health initiatives aimed at TB elimination (World
Health Organization [WHO], 2024).

Latent tuberculosis infection (LTBI) remains a major obstacle to eliminating
tuberculosis worldwide. Although existing diagnostic tools, like the tuberculin skin test and
interferon-gamma release assays, have been valuable in identifying latent infection, their
limitations — such as false positives, inconsistent accuracy, and the inability to predict
disease progression — highlight the need for innovation.

Advances in diagnostic technology, including biomarker research and artificial
intelligence, offer hope for more precise and reliable detection methods. Developing these
next-generation tools will be essential to improving early detection, targeting preventive
treatments, and ultimately reducing the spread of tuberculosis.

Addressing the current gaps in LTBI diagnosis is not just a scientific necessity but a
global health imperative. By prioritizing research, collaboration, and equitable access to
diagnostics, we can take meaningful strides toward controlling TB and protecting vulnerable
populations worldwide.
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