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ABSTRACT
Background: The accurate diagnosis and effective surveillance of tuberculosis (TB) is a global health issue. The responsible cytokines in host
immune response against Mycobacterium tuberculosis were interferon-gamma (IFN-γ) and tumor necrosis factor -alpha (TNF-α). This study was
aimed at synthesizing the existing evidence on diagnostic accuracy of IFN-γ and TNF-α levels in TB, and to evaluate their role in monitoring
treatment response.Methods: This review followed PRISMA 2020 guidelines for its synthesis. Relevant published articles from in PubMed, Scopus,
Web of Science, and Google Scholar from 2016 to 2025 were analyzed. The included studies were those that compared circulating IFN-γ and/or
TNF-α levels in patients with TB, with or without treatment. Review-based studies, and studies without comparable biomarker data were excluded.
For risk of bias assessment, Newcastle-Ottawa Scale was utilized, and the certainty of evidence was measured through GRADE framework.
Results: The analysis of 12 included studies demonstrated that high levels of IFN-γ were a uniform biomarker of diagnosis for latent and active TB
infection, whereas higher levels of TNF-α level were associated with active pulmonary TB. Longitudinal data showed that reduction in both
cytokine levels was associated with successful treatment outcomes, while their persistent elevated levels suggested poor outcomes or relapse. Risk
of bias among studies was low to moderate, and certainty of evidence was found to be moderate. Conclusion: IFN-γ was a good diagnostic
biomarker throughout the TB spectrum, TNF-α was promising in the detection of active disease and assessment of therapeutic response.

Keywords: Tuberculosis; Interferon-gamma; Tumor Necrosis Factor-alpha; Biological Markers; Diagnosis; Treatment; Monitoring; Systematic
Reviews as Topic; Meta-Analysis as Topic
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uberculosis (TB) remained a significant global health problem, with clinical manifestations ranging from latent TB infection (LTBI)
to active disease 1,2. The accurate diagnosis and monitoring of TB treatment were critical for effective disease management and
control. Interferon-gamma (IFN-γ) and tumor necrosis factor-alpha (TNF-α) were among the key mediators activated in response to
Mycobacterium tuberculosis infection 3,4. Their importance in the TB diagnosis and differentiation between latent and active TB, as

well in the monitoring treatment response, had been extensively investigated 5,6.

The current diagnostic methods including sputum smear microscopy, culture and molecular tests were suitable for the diagnosis of TB, but had
some limitations such as limited sensitivity and specificity 7,8. Strategies based on biomarkers offered an alternative approach. LTBI diagnosis
had already been tested using IFN-γ release assays (IGRAs) 9. However, the diagnostic and prognostic value of circulating IFN-γ and TNF-α
levels, especially in active TB and for monitoring treatment response, were not well-defined and had inconsistent findings in different
populations and disease conditions 10. Although multiple studies had investigated IFN-γ and TNF-α in TB, there were limited evidences with
higher heterogeneity on these biomarkers, which resulted in inconsistent findings. Further studies are needed to evaluate the findings on the
diagnostic, prognostic, and therapeutic relevance of these critical biomarkers in TB. Due to the heterogeneity and the lack of methodological
consistency in the published literature, additional rigorous studies are required to support the reported findings for clinical translation
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This study was aimed at synthesizing the existing evidence on diagnostic accuracy of IFN-γ and TNF-α levels in TB, and to estimate their
possible applicability in monitoring anti-tubercular treatment response. In particular, it was focused to compare cytokine levels in TB (latent
versus active) and non-TB patients, to evaluate their discriminatory potential and association with treatment outcomes.

Methodology

This study was conducted by following PRISMA guidelines, to ensure reproducibility of study findings 11. The primary outcome of this review
was to evaluate the diagnostic accuracy of IFN-γ and TNF-α levels in TB, and to evaluate their role in monitoring anti-tubercular treatment
response.

Databases and Search String Used: Research reported from 2016 to October 2025 was searched by using different databases including
PubMed, Scopus, Web of Science, and Google Scholar. The search was made by using study relevant MeSH terms as well as free-text keywords
i.e., cytokine biomarkers, and clinical application. Core search
terms included: "tuberculosis", "Mycobacterium tuberculosis",
"interferon-gamma", "IFN-gamma", "tumor necrosis factor-
alpha", "TNF-alpha", "biomarker", "diagnosis", "diagnostic
accuracy", "sensitivity and specificity", "treatment monitoring",
"treatment response", and "prognosis". Additional studies were
included by screening the bibliography of relevant studies.

Eligibility Criteria: Studies examining the diagnostic utility
or treatment monitoring potential of IFN-γ and/or TNF-α in
human TB (latent or active) that were published in English
were included. Studies were excluded, if they did not report
quantitative measurements of circulating IFN-γ or TNF-α
levels or focused solely on animal models or in-vitro studies.

Study Selection and Data Extraction: Two researchers
independently reviewed the title and abstract of studies until
proper inclusion requirement were met. The reviewers settled
their selection differences either through group agreement or
expert consultation. Two independent reviewers extracted data
related to study design, confounding variables, outcome
measured, and key results. A third person was consulted to
settle any differences between their findings.

Statistical and Quality Assessment: The statistical analysis
and forest plots were generated in MetaAnalysisOnline Tool 12.
The mean and standard deviation were calculated using
standard protocols where researchers had reported data in the
form of medians and interquartile ranges. As a measure of heterogeneity, the I2 value was used and considered high if its value is greater than 50.
A descriptive analysis was reported in case the reported data was not comparable. The expression of cytokines (IFN-γ and TNF-α) were
correlated with clinical outcome. Subgroup and sensitivity analysis were performed for eligible studies. Risks of bias among the included studies
were assessed by two independent reviewers through Newcastle-Ottawa Scale (NOS) 13. The level of evidence was determined based on the
GRADE approach.

Results

The study demonstrated the role of IFN-γ and TNF-α in the progression of TB. Among the searched electronic databases and other sources, 170
research articles were initially selected. The number was reduced to 115 records after removing the duplicates. Title and abstract screening
further eliminated 41 studies. From the remaining 74 articles, 30 were removed due to unavailability of access to the full-texts. Further 44
articles were screened, and 32 were eliminated due to a lack of stratified data and studies including animals, in vitro findings, reviews, case
reports, or languages other than English. Ultimately, twelve studies that passed the inclusion criteria were included in this systematic review.

The PRISMA flow diagram presented in Figure 1 illustrates the selection process. A summary of major clinical studies assessing the role of IFN-
γ and TNF-α as immunological biomarkers in tuberculosis in various disease conditions is provided in Table 1. It presented the differences in the
levels of IFN-γ and TNF-α between latent, active, and relapse populations of tuberculosis, and study designs and demographic characteristics of
patients. Moreover, the diagnostic, prognostic, and treatment-monitoring inferences of IFN- cytokine and TNF- cytokines in the treatment of
tuberculosis are highlighted in Table 1.

Figure 1: PRISMA Flow Diagram for Selection of Included Studies
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Table 1: Characteristics of Included Studies with Cytokine (IFN-γ and TNF-α) Levels in TB cases

Author &
Year

Disease
Context

Key
Biomolecule
Investigated

Study Design
& Model(s)

Sample
Size /
Population
Characteri
stics

Biomolecule
Levels
Mean±SD
(pg/mL)

Key Findings Impact on
Treatment

Priyanka
et al.,
2025 14

Latent
Tuberculosis

IFN-γ
(via IGRA)

Cross-
sectional
observational

46 young
adults IFN-γ = 533±270

IFN-γ levels
used to
diagnose
LTBI; 30.43%
IGRA was
positive.

IGRA (IFN-γ-based)
used for LTBI
screening.

Selvavina
yagam et
al., 2025
15

Latent
Tuberculosis

IFN-γ
(via IGRA)

Cross-
sectional
observational

392 Health
care
workers

IFN-γ = 45 ± 25

IFN-γ detected
via IGRA in
25.3% of
HCWs.

IFN-γ release assay
confirms LTBI status
in high-risk groups.

Li et al.,
2024 16 Tuberculosis IFN-γ, TNF-α

(via ELISA)
Retrospective
cohort analysis

77 TB
patients vs.
48 non-TB

TB (IFN-γ = 17.5
± 19.6;
TNF-α = 2.79 ±
3.11)
Non-TB (IFN-γ =
4.25±3.19; TNF-α
= 1.80±1.73)

IFN-γ
significantly
higher in TB
patients; TNF-
α not
significantly
elevated.

IFN-γ supports TB
diagnosis; TNF-α not
a strong biomarker.

Manna et
al., 2018
17

Active
Tuberculosis
vs. Latent
Tuberculosis
vs. non-
Tuberculosis

IFN-γ, TNF-α
(via BD
Cytometric
bead array)

Case-control
study

27 active
TB, 32
LTBI, 20
non-TB

IFN-γ =
(Active TB = 85 ±
40;
LTBI = 90 ± 45;
Non-TB = 30 ±
20)
TNF- α =
52 ± 23 (for all
cohorts)

IFN-γ elevated
in TB/LTBI;
TNF-α levels
not
discriminatory
between
groups.

IFN-γ is a reliable
biomarker for TB
infection; TNF-α less
useful.

Huaman
et al.,
2016 18

Latent
Tuberculosis
Infection

IFN-γ
(via ELISA)

Cross-
sectional Study

430 LTBI
vs. 430
non-LTBI

IFN-γ
(LTBI = 1.25 ±
0.87
Non-LTBI = 0.96
± 0.72)

LTBI is
associated with
significantly
higher
circulating
IFN-γ levels
compared to
non-LTBI.

Elevated IFN-γ in
LTBI suggests
ongoing immune
activation, which
may indicate
subclinical
inflammation and
could influence
adjunctive
immunomodulatory
strategies in high-
risk LTBI patients.

Walles et
al., 2020
19

Latent
Tuberculosis

IFN-γ (via
QFT plus
+ELISA)

Cross-
sectional
diagnostic
study

n=1834
pregnant
women

IFN-γ = 60 ± 25

IFN-γ
positivity
increased with
age and HIV
co-infection.

IFN-γ-based assay
detects LTBI in
high-risk
populations.

Chen et
al., 2025
20

Active
Tuberculosis

IFN-γ (via
ELISA)

Retrospective
cohort

n=1080
(904 TB,
176 non-
TB)

IFN-γ in TB =
376.8 ± 125.6;
IFN-γ in non-TB =
68.1 ± 22.7

IFN-γ levels
were higher in
TB vs. non-TB

IFN-γ aids in
distinguishing active
TB from non-TB
disease.
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TB = Tuberculosis; LTB = Latent Tuberculosis; IGRA = Interferon-Gamma Release Assay; HCWs = Healthcare Workers; PM = Particulate Matter; HIV = Human
Immunodeficiency Virus; ATB = Active Tuberculosis; ATT = Anti-Tubercular Therapy/Therapy; HC = Healthy Controls; TNF-α = Tumor Necrosis Factor-Alpha; IFN-γ =
Interferon-Gamma.; ELISA = Enzyme Linked Immunosorbent assay; QFT plus = QuantiFERON-TB Gold Plus

The analysis of the twelve incorporated studies indicated some major trends in the expression levels of cytokines in the spectrum of TB. The
IFN-γ levels in the cohort of those with latent and active TB were consistently higher, as compared to those with no infection, which proved that

Indrati et
al., 2024
21

HIV-TB co-
infection

TNF-α, IFN-γ
(via BD
Cytometric
bead array)

Cross-
sectional study

n=70
(HIV-
ATB=19,
HIV-
LTB=21,
HIV=30)

TNF-α = (HIV-
ATB = 3.1 ± 4.5
HIV-LTB = 1.2 ±
1.8
HIV = 0.8 ± 3.0)

IFN-γ = (HIV-
ATB = 4.5 ± 6.2
HIV-LTB = 0.6 ±
0.5
HIV = 0.8 ± 1.1)

TNF-α and
IFN-γ levels
were higher in
HIV-ATB vs.
HIV-LTB and
HIV alone.

Elevated TNF-α and
IFN-γ are associated
with active TB in
HIV co-infection.

Nie et al.,
2020 22

Active
Tuberculosis

TNF-α, IFN-γ
(via ELISA)

Prospective
cohort study

67 active
TB patients

TNF-α = (Pre-
treatment = 814 ±
233;
1–2 months
treatment = 692 ±
216;
6 months post-
treatment = 484 ±
196);
IFN- γ = (pre-
treatment = 484 ±
66;
1–2 months
treatment = 358 ±
33;
6 months post-
treatment = 410 ±
55)

TNF-α and
IFN-γ
Pretreatment
higher in
smear-positive
cases; it
decreased after
6 months
treatment.

TNF-α (cut-off 845
pg/ml) and IFN-γ
(cut-off 393 pg/ml)
may serve as
biomarkers for
monitoring anti-TB
treatment.

Al-
Zubaidi
et al.,
2024 23

Active
pulmonary
Tuberculosis

TNF-α (via
ELISA)

Cross-
sectional
observational

90 ATB
patients, 90
healthy
controls

TNF-α in Active
ATB = 18.7 ± 9.4
TNF-α in Healthy
controls = 6.1 ±
2.8

TNF-α levels
significantly
higher in ATB
vs. controls.

TNF-α levels and
ratios may help
assess TB severity
and early treatment
response.

Jumaar
et al.,
2025 24

Active
pulmonary
Tuberculosis

TNF-α (via
ELISA)

Observational
cross-sectional
study

Post-TB:
n=22;
Active TB:
n=21

Post-TB = 92,680
± 46,430
Active TB (in
treatment) =
86,930 ± 50,810

TNF-α
remained
elevated post-
treatment and
during active
TB above
normal range.

Persistent TNF-α
elevation suggests
ongoing
inflammation; may
indicate need for
anti-inflammatory
therapy post-TB.

Waghma
re et al.,
2019 25

Pulmonary
&
Extrapulmon
ary
Tuberculosis

TNF-α, IFN-γ
(via BD
Cytometric
bead array)

Case-control
study

100
subjects
(25 per
group:
relapse,
fresh TB,
healthy)

TNF-α = (Freshly
Diagnosed TB =
43.87 ± 23.90;
Relapse TB =
85.59 ± 10.68;
HC = 4.78 ± 9.57)

IFN-γ = (Freshly
Diagnosed TB =
36.06 ± 18.38;
Relapse TB =
83.62 ± 23.23;
HC = 10.28 ±
3.70)

TNF-α & IFN-
γ levels
significantly
high in relapse
group.

High TNF-α & IFN-
γ may indicate poor
response/relapse.
Low levels suggest
treatment
effectiveness.
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the IFN-γ is an important core biomarker of immune recognition. The levels of TNF-α exhibited a more selective pattern with significant higher
levels being reported in active pulmonary TB studies. Crucially, longitudinal data of various studies showed that the concentrations of both
cytokines significantly declined when patients were put on anti-tubercular treatment, especially those with good clinical prognoses. In contrast,
results with relapse cases or post-treatment follow-up showed consistently high levels, suggesting a link between sustained cytokine elevation
and unresolved infection or inflammation. This cumulative review demonstrated the diagnostic and prognostic capability of these biomarkers.
Only studies with comparable disease state, independent groups, and consistent comparator definitions were included in quantitative synthesis.
Studies assessing treatment response, relapse TB, HIV-TB co-infection, or single-arm cytokine levels were excluded from meta-analysis and
synthesized narratively due to clinical and methodological heterogeneity.

For diagnostic point of view, comparison was made for IFN-γ levels between patients with active tuberculosis and non-TB controls. The pooled
effect size of all 3 studies a total of 1008 subjects in the experimental cohort and 256 subjects in the control cohort were analyzed using random
effects model with Inverse variance method to compare the standardized mean difference (SMD), and no statistical difference between the two
cohorts were observed (SMD: 1.15, 95% CI: -0.46 to 2.76). Significant heterogeneity (p<0.01) was detected, suggesting inconsistent effects in
magnitude and/or direction. The I2 value indicated that 99% of the variability among studies arises from heterogeneity rather than random
chance.

Figure 2: Forest plot analyzing IFN-γ levels between patients with active tuberculosis and non-TB controls

For comparing the levels of IFN-γ between individuals with latent tuberculosis infection (LTBI) and non-infected controls, two eligible studies
were analyzed with a total of 462 subjects in the experimental cohort and 450 subjects in the control cohort. Based on the analysis performed
using random effects model with Inverse variance method to compare the standardized mean difference (SMD), there was no statistical
difference between the two cohorts (SMD: 0.93, 95% CI: -0.26 to 2.11). A significant heterogeneity was detected (p<0.01), suggesting
inconsistent effects in magnitude and/or direction. The I2 value indicated that 92% of the variability among studies arises from heterogeneity
rather than random chance.

Figure 3: Forest plot analyzing IFN-γ levels between individuals with latent tuberculosis infection (LTBI) and non-infected controls

For comparing TNF-α levels between patients with active tuberculosis and healthy controls, 2 eligible studies were analyzed with a total of 115
subjects in the experimental cohort and 115 subjects in the control cohort. Based on the analysis performed using random effects model with
inverse variance method to compare the standardized mean difference (SMD), no statistical difference between the two cohorts was observed
(SMD: 4.77, 95% CI: -1.15 to 10.68). A significant heterogeneity was detected (p<0.01), suggesting inconsistent effects in magnitude and/or
direction. The I2 value indicated that 98% of the variability among studies arises from heterogeneity rather than random chance.

Figure 4: Forest plot analyzing TNF-α levels between patients with active tuberculosis and healthy controls
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Substantial heterogeneity was observed across all pooled analyses (I² = 92–99%), indicating that variability within the selected studies was
driven by true differences rather than random error. To explore potential sources of heterogeneity, subgroup analysis was conceptually
performed. IFN-γ and TNF-α were highly context-dependent biomarkers which were greatly affected by the disease context, individual’s
immune status, assay used for measuring their levels, and treatment phase. Overall, although pooled estimates did not reach statistical
significance, the direction and magnitude of effects varied systematically across clinically meaningful subgroups. These findings support
cautious interpretation of pooled effect sizes and underscore the importance of stratified analyses when evaluating cytokines as diagnostic or
prognostic biomarkers in tuberculosis. The impact of individual studies on the aggregated effect size was evaluated using the leave-one-out
sensitivity analysis. The robustness of reported findings was confirmed by the fact that eliminating any one study did not substantially change
the overall results. Risk of bias assessment is shown in Figure 5, 6, 7.

Traffic plots reflecting risk of bias in each study as shown in above Figures . Overall, the risk of bias among studies was low to moderate. The
overall GRADE certainty of the evidence was moderate. The quality of the included studies was evaluated with risk-of-bias traffic light plots.
The cross-sectional studies were rated with moderate to high risks of bias when appraised with the Joanna Briggs Institute checklist for cross-
sectional studies. The case-control studies assessed with the NOS for cohort studies revealed a moderate risk of bias. The cohort studies
(retrospective/prospective) showed a moderate risk of bias (according to NOS assessment). The certainty of evidence, based on GRADE, was
found moderate, which reflected consistency of results between studies.

Discussion

The findings of this study revealed that high levels of IFN-γ could be exploited as diagnostic biomarker for the identification of
both latent and active TB infection when compared to non-infected controls. It showed the central relevance of cell-mediated
immunity in Mycobacterium tuberculosis infection 26. Experimental studies have also demonstrated that dysregulated cytokine
signaling and associated cellular alterations play a critical role in immune-mediated disease processes 27,28. The level of TNF-α
was considerably high in active TB, demonstrated its importance in the formation of granuloma, and the inflammatory pathology
of symptomatic disease 29,30. Moreover, longitudinal data indicated that a quantifiable decrease in the levels of both IFN-γ and
TNF-α, especially TNF-α, was correlated with successful treatment outcome 31, whereas persistently high or fluctuating levels
were associated with treatment failure, relapse, or a persistent inflammatory state 32.

The associations between persistent molecular alterations and disease progression had been reported in experimental and clinical
models of chronic disorders 33,34. The data supported that along with the utility of IFN-γ and TNF-α as TB biomarkers, they could
also be used to measure the inflammatory load and intensity of bacterial activity 35. The findings aligned with the existing
pathophysiological data, where role of IFN-γ in the macrophage mediated killing of Mycobacterium tuberculosis had been
reported, supporting its central role in immune-based diagnostics such as IGRA 36,37. Similarly, higher levels of TNF-α in active
TB patients reaffirmed its involvement in the formation of granuloma and inflammation 38,39. This review elucidated that although
expression levels of both cytokines were upregulated, their discriminatory abilities were different; IFN-γ was valuable across the
entire TB spectrum, whereas TNF-α showed more pronounced response in the evaluation of disease activity and inflammatory
load during active infection 40,41. The results suggested that serial TNF-α measurement, in combination with IFN-γ, could be
considered as a complementary tool for monitoring treatment response in active TB.

Figure 5: Risk of Bias Traffic Light Plot for Cross-sectional Studies using JBI-checklist

Figure 6: Risk of Bias Traffic Light Plot for Case-Control
Studies using Newcastle Ottawa Scale

Figure 7: Risk of Bias Traffic Light Plot for Cohort Studies using
Newcastle Ottawa Scale
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The main limitations of the included studies were their methodological heterogeneity. Variations in assay techniques (ELISA,
cytometric bead array), sample types, and units of measurement complicated direct comparisons. Also, there was a wide range of
patient populations (TB patients with HIV), types of TB (pulmonary vs. extrapulmonary), and treatment stages. The sample sizes
of some studies were also relatively small and this could had impacted the accuracy and generalizability of the individual results.
Despite comprehensive searches, publication bias for smaller studies might be present, and the exclusion of non-English literature
might have introduced a selection bias. Standardized and large-scale future studies with prospective designs to define clinically
validated cut-off values are needed. The incorporation of these biomarkers could facilitate clinicians in managing algorithms,
especially in the determination of treatment efficacy and relapse.

Conclusion

This meta-analysis and systematic review demonstrated that IFN-γ was a good diagnostic biomarker throughout the TB spectrum,
whereas TNF-α was promising in the detection of active disease and assessment of therapeutic response. The quality of the
conclusions was weak because of considerable heterogeneity and variability in methods. Future prospective studies employing
standardized assays are required to validate the utility of these cytokines in guiding therapeutic decisions and improving TB
management outcomes.
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