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Abstract

ACKGROUND: Subclinical tuberculosis (TB) is often underdiagnosed due to the limited sensitivity of sputum-
based diagnostics. Host-response biomarkers, particularly pattern recognition receptors (PRRs), offer a potential
alternative. Toll-like receptor 4 (TLR4), scavenger receptor class B type 1 (SR-B1), and dendritic cell-specific
intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN) are involved in the early recognition of Mycobacterium
tuberculosis and may reflect initial immune activation under conditions of low bacillary burden and absent clinical symptoms.
However, their diagnostic value in subclinical TB remains unclear. Therefore, this study was conducted to investigate their
potential as biomarkers for subclinical TB.
METHODS: Eighty-eight asymptomatic adults with a radiographic suspicion of pulmonary TB were classified into rapid
molecular test (RMT)-positive and RMT-negative groups based on GeneXpert MTB/Rifampicin (RIF) results, which served
as the reference standard. Blood samples were collected from the subjects, and their serum levels of TLR4, SR-B1, and DC-
SIGN were measured using enzyme-linked immunosorbent assay (ELISA).
RESULTS: TLR4 levels were significantly higher in the RMT-positive group (p=0.011), whereas SR-B1 and DC-SIGN
showed no significant differences. TLR4 was the only biomarker with strong correlation with subclinical TB status (r=0.861,
p<0.001). Based on logistic regression results, TLR4 was identified as the superior predictor with an area under the curve
(AUC) of 0.937, 91.3% sensitivity, and 89.8% accuracy. Combining SR-B1 and DC-SIGN with TLR4 did not materially
improve diagnostic performance over the TLR4-only model.
CONCLUSION: TLR4 is a promising biomarker associated with RMT-positive status among individuals with suspected
subclinical TB, with strong diagnostic performance. Patients with both RMT-positive results and elevated TLR4 levels may
require closer monitoring for potential progression to active disease.
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leading global public health problems. The World Health

Introduction Organization (WHO) estimates that approximately 25% of

the world’s population has been infected, with more than

Tuberculosis (TB) is an infectious disease caused by 1.23 million deaths occurring annually. Indonesia ranks
Mycobacterium tuberculosis and remains one of the second among the countries with the highest TB burden
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worldwide, after India, contributing approximately 10% of
total global cases.(1-3) These conditions underscore that
TB continues to pose a serious threat to public health and
human resource productivity.

The major challenge in TB control lies in the subclinical
phase of the disease, which represents an intermediate state
within the TB spectrum between latent infection and active
symptomatic disease. Subclinical TB refers to individuals
with evidence of M. tuberculosis infection in the absence of
overt clinical symptoms, often accompanied by radiographic
abnormalities. This phase is particularly concerning because
affected individuals may contribute to ongoing transmission
while remaining undetected by conventional symptom-
based screening approaches.(4—6) In addition, subclinical
TB is frequently characterized by low bacillary burden
(paucibacillary disease), which reduces the sensitivity
of sputum-based diagnostic methods. This difficulty is
further pronounced in high-risk groups such as children and
individuals with human immunodeficiency virus/acquired
immunodeficiency syndrome (HIV/AIDS), who are often
unable to produce sputum for examination, as well as those
with metabolic disorders such as diabetes, which can alter
clinical presentation and complicate traditional diagnostic
pathways.(7,8)

Several biomarkers have been investigated to
improve the detection of subclinical TB, particularly those
reflecting early host immune responses. These include
(e.g., interferon (IFN)-y,
tumor necrosis factor (TNF)-a, and interleukin (IL)-6),

pro-inflammatory cytokines

acute-phase proteins such as C-reactive protein (CRP),
and transcriptional signatures associated with incipient
TB. More recently, attention has shifted toward pattern
recognition receptors (PRRs), which are involved in the
early recognition of M. tuberculosis and the initiation of
innate immune responses. Among these, toll-like receptor
4 (TLR4), scavenger receptor class B type 1 (SR-B1), and
dendritic cell-specific intercellular adhesion molecule-3-
grabbing non-integrin (DC-SIGN) have been implicated
in host—pathogen interactions, including mycobacterial
recognition, internalization, and modulation of immune
signaling pathways. The selection of TLR4, SR-B1, and DC-
SIGN in this study is based on their potential relevance in the
early phase of TB infection, particularly under conditions
of low bacillary load where conventional diagnostic
methods are less sensitive. These receptors may reflect
subtle immunological changes that occur prior to symptom
onset, thereby offering potential utility as biomarkers for
subclinical TB. Furthermore, their roles in macrophage
and dendritic cell function suggest that they may provide
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insights into host immune status in populations at high risk
for subclinical disease. An immunological biomarker—based
approach using non-sputum, serum-based biomarkers offer
a promising and potentially useful complementary strategy.
PRRs are components of the innate immune system that
play a crucial role in pathogen recognition, including M.
tuberculosis.(9,10)

Measuring these receptors in their soluble form in
serum provides a direct window into the host's systemic
immune activation before clinical symptoms manifest.
Among the PRRs that have been extensively studied, we
selected three specific PRRs based on their distinct roles
in TB pathogenesis. TLR4 has been proposed as a key
receptor involved in the immune response to TB through
recognition of mycobacterial antigens. TLR4 activation
is also associated with various mechanisms employed by
M. tuberculosis to evade the innate immune system.(11)
SR-B1 is known to play a role in the transcytosis of M.
tuberculosis through microfold cells in the respiratory tract.
This receptor recognizes early secreted antigenic target 6
kDa (ESAT-6) secreted by M. tuberculosis and facilitates
pathogen entry into the host.(12) DC-SIGN is a C-type
lectin receptor expressed on dendritic cells that plays a
role in the recognition of M. tuberculosis and modulation
of host immune responses. In addition to serving as a
bridge between innate and adaptive immunity, DC-SIGN
has also been identified as a potential target in TB vaccine
development.(13)

These biomarkers have considerable potential as
biological indicators for the detection of subclinical TB.
However, PRRs, including TLR4, SR-B1, and DC-SIGN,
are not entirely specific to M. tuberculosis, as they may
also be activated by other pathogens. Moreover, although
several host immune biomarkers have been investigated in
active and latent TB, their roles in subclinical TB remain
poorly understood. In particular, there is a lack of studies
that specifically evaluate the expression and diagnostic
performance of these PRRs in individuals with subclinical
TB, especially in the context of low bacillary burden and
absent clinical symptoms. Given these limitations, there
is increasing interest in developing non-sputum-based
biomarkers that may assist in identifying subclinical TB,
particularly in asymptomatic individuals with radiological
suspicion. In this context, host immune biomarkers are not
intended to replace microbiological confirmation methods
such as GeneXpert MTB/RIF, but rather to serve as triage
or adjunctive (add-on) diagnostic tools to improve case
detection in settings where conventional methods are
insufficient. Based on this rationale, the present study
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addressed this research gap by specifically investigating the
roles of TLR4, SR-B1, and DC-SIGN in subclinical TB, a
population that remains underexplored in previous studies.
Furthermore, this study evaluated the combined diagnostic
performance of these biomarkers through an exploratory
derivation analysis, including sensitivity, specificity, and
predictive values, both individually and in combination,
to assess their potential utility as a non-sputum-based
screening approach.

Methods

Study Design and Subjects

This analytic observational study employed a cross-
sectional design at Mataram City Regional Public Hospital
(RSUD Kota Mataram), Indonesia, from January to
December 2025. The study population comprised patients
with suspected subclinical pulmonary TB based on chest
radiography findings. Study subjects were selected using a
consecutive sampling method. Inclusion criteria included
patients aged >18 years, absence of respiratory symptoms,
radiological features suggestive of pulmonary TB, complete
medical records, and provision of written informed consent
to participate. The minimum sample size was determined
using G*Power with logistic regression analysis and
increased by 10%, resulting in a required sample of 82
subjects.

Subject Screening and Radiological Assessment

All subjects without respiratory symptoms underwent chest
radiography (posteroanterior view) as an initial screening
procedure. Radiological findings suggestive of pulmonary
TB included infiltrates, nodular opacities, cavitary lesions,
and fibrotic changes, particularly in the upper lung zones
(Supplementary 1). The radiographs were independently
interpreted by two certified radiologists to ensure diagnostic
reliability, and any discrepancies were resolved through
consensus discussion.

Microbiological Examination

Respiratory specimens were obtained either through sputum
induction or bronchoscopy with bronchial lavage, following
standard clinical protocols. The GeneXpert MTB/RIF assay
(Rapid Molecular Test/RMT) was used as the reference
standard to detect M. tuberculosis DNA. Subjects were then
classified into two groups based on this gold standard: RMT-
positive (subclinical TB) and RMT-negative. However, it is
acknowledged that a negative RMT result does not exclude
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subclinical TB, particularly in paucibacillary cases, and
may introduce potential misclassification.

Comorbidity Assessment

Diabetes status was determined by measuring glycated
hemoglobin (HbAlc) using the Ion-Exchange High-
Performance Liquid Chromatography (IE-HPLC) method
on an Arkray Adams Alc HA-8180T analyzer (Arkray
Inc., Kyoto, Japan). Following aseptic venipuncture, blood
samples were collected in EDTA tubes and analyzed for
HbAlc levels. In accordance with American Diabetes
Association (ADA) guidelines, diabetes was defined
as an HbAlc level of >6.5%. Supplementary 2 showed
representative results of HPLC chromatogram of the Hb1Ac
measurement.

HIV  screening was performed wusing the
Chemiluminescent Immunoassay (CLIA) method to detect
HIV p24 antigen and antibodies against HIV-1/HIV-2
via a two-site sandwich assay on a Mindray CL-1000i
system (Mindray Bio-Medical Electronics Co., Shenzhen,
China). Serum was separated from whole blood through
centrifugation at 3000 rpm for 15 minutes. Results were
interpreted based on the Cut-off Index (COI), where a
COI > 1.00 was considered positive for HIV infection. All
procedures were conducted with rigorous calibration and
quality control protocols.

Measurement of Pattern Recognition Receptors (PRRs)
Peripheral venous blood samples were collected under
aseptic conditions. All blood samples were processed within
2 hours after venipuncture to preserve sample integrity.
Serum was separated by centrifugation at 3000 rpm for 10
minutes and aliquoted into sterile microtubes.

The serum samples were stored at —80°C until analysis.
To minimize protein degradation, repeated freeze—thaw
cycles were avoided, and each sample underwent a maximum
of one freeze—thaw cycle prior to biomarker measurement.
Serum levels of PRRs-related biomarkers (TLR4, SR-
B1, and DC-SIGN) were quantified using commercially
available enzyme-linked immunosorbent assay (ELISA)
kits, following the manufacturers’ instructions. The Kkits
used were: TLR4 (Cat. No. E-EL-H5820; Elabscience,
Wuhan, China) with detection range of 6.5-400 pg/mL
and sensitivity of 3.75 pg/mL, SR-B1 (Cat. No. EH1791;
FineTest, Boulder, CO, USA) with detection range of
0.313-20 ng/mL and sensitivity of 0.188 ng/mL, and DC-
SIGN (Cat. No. KIT102000; SinoBiological, Beijing,
China) with detection range of 78.13-5000 pg/mL and
sensitivity of 5.6 pg/mL. The analytical performance of the

203



The Indonesian Biomedical Journal, Vol.18, No.2, April 2026, p.107-212

assays, including detection range and limit of detection, was
defined according to the manufacturers’ specifications. The
intra-assay and inter-assay coefficients of variation were
within acceptable limits (<10%), indicating good assay
precision. All samples were analyzed in duplicate, and the
final concentration for each biomarker was calculated as the
mean of the two measurements. If the coefficient of variation
between duplicate measurements exceeded 15%, the assay
was repeated. Laboratory personnel performing the ELISA
assays were blinded to the RMT (GeneXpert) status of the
subjects to minimize measurement bias.

Statistical Analysis

Statistical analysis was performed using univariate methods
to describe the distribution of wvariables. Categorical
characteristics were compared using chi-square or Fisher’s
exacttests. Datanormality was assessed via the Shapiro—Wilk
test, which indicated non-normal distributions (p<0.001).
Consequently, differences in PRRs concentrations and
their associations with subclinical TB were evaluated using
the Mann—Whitney U test and Spearman’s correlation,
respectively. Diagnostic potential was examined through
multivariable logistic regression. Prior to modeling,
multicollinearity was ruled out using Variance Inflation
Factor (VIF) values. Model stability and generalizability
were validated using a 10-fold cross-validation procedure.
Discriminatory performance was determined via Receiver
Operating Characteristic (ROC) curve analysis to calculate
the Area Under the Curve (AUC), sensitivity, specificity,
and accuracy at optimal cut-off points.

Results

Baseline Characteristics of Study Participants
A total of 101 potentially eligible participants were initially
identified. Of these, 13 individuals were excluded due to
not meeting the inclusion criteria (n=9), incomplete data
(n=3), and death prior to analysis (n=1). Consequently,
88 participants with radiological findings suggestive
of subclinical pulmonary TB were included in the final
analysis. All included participants underwent PRRs
biomarker testing and were subsequently evaluated using
RMT as the reference standard. Based on the RMT results,
46 participants were classified as RMT-positive, while 42
participants were classified as RMT-negative (Figure 1).
The majority of the 88 study subjects were classified
as having subclinical TB, had a history of contact with
TB patients, were aged >40 years, were male, had normal
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nutritional status, and had no comorbidities. A history of
contact was the only variable significantly associated with
the occurrence of subclinical TB (p<0.001) (Table 1).

Association of PRRs with Subclinical TB

TLR4 concentrations in the RMT-positive group were
significantly higher than those in the RMT-negative group
(»=0.011). SR-B1 and DC-SIGN concentrations were
slightly lower in the RMT-positive group than in the RMT-
negative group, but these differences were not statistically
significant (Table 2).

Correlation analysis further showed that TLR4
had a strong and statistically significant association with
subclinical TB status (Spearman’s 1=0.861; p<0.001),
whereas SR-B1 and DC-SIGN demonstrated weak and non-
significant correlations (r=0.047, p=0.662; and r=0.125,
p=0.242, respectively). Overall, these results indicate that
TLR4 may have greater potential as a predictor variable in
diagnostic modelling for subclinical TB than SR-B1 and
DC-SIGN (Table 2).

Diagnostic Potential of PRRs Biomarkers

Before proceeding to further statistical analyses, a normality
test was performed on the PRRs biomarker data to evaluate
whether the variables followed a normal distribution.
This step was essential to determine the most appropriate
analytical approach, particularly whether parametric or
non-parametric methods should be applied in subsequent

Potentially eligible subjects
(n=101) ' ™
Excluded (n=13)

- Did not meet inclusion criteria (n=9)
- Incomplete data (n=3)
- Deceased (n=1)
AN Y

Eligible subjects
(n=88)

PRRs biomarker test
(n=88)

RMT for standard reference
(n=388)

T

RMT-positive
(n=46)

RMT-negative
(n=42)

Figure 1. STARD-aligned flow diagram of participant selection
and analysis.
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Table 1. Characteristics of research subjects regarding subclinical TB.

Variable Categories RMT-positive  RMT-negative p-value
(m) ()
Age Adult (1840 years) 15 10 0.361
Older (>40 years) 31 32
Sex Male 31 27 0.759
Female 15 15
Nutritional status Undernutrition (BMI <18.5 kg/nt) 20 17 0.776
Normal (BMI 18.5-24.9 kg/nr’) 26 25
Contact history With contact 44 11 0.000*
No contact 31
HIV HIV positive 5 0.326
HIV negative 37 37
Diabetes Mellitus DM 15 12 0.682
Non-DM 31 30

Categorical variables were compared using the chi-square test or Fisher’s exact test. *Significant if p<0.05.

analyses. In the context of assessing the diagnostic potential
of PRRs biomarkers, the distributional characteristics of the
data may influence both the choice of statistical tests and the
interpretation of relationships among variables.

The results of the Shapiro-Wilk normality test
indicated that all PRRs biomarkers, namely TLR4, SR-
B1, and DC-SIGN, were not normally distributed, with p-
values of less than 0.001 for all variables. The relatively low
Shapiro—Wilk statistics, 0.3767 for TLR4, 0.2866 for SR-B1,
and 0.1942 for DC-SIGN, further support the presence of
substantial deviation from normality. These findings suggest
that the distributions of the PRRs biomarker variables differ
significantly from a normal distribution and should therefore
be interpreted using statistical methods appropriate for non-
normally distributed data. To further assess the suitability of
the variables for multivariable analysis, a multicollinearity
test was subsequently conducted.

Multicollinearity testing was performed across all
candidate logistic regression models to evaluate the degree of
correlation among predictors prior to model estimation. For
the single-predictor models, VIF values were not applicable

Table 2. Relationship of PRRs with subclinical TB.

because multicollinearity cannot be assessed when only one
independent variable is included. In the two-predictor and
three-predictor models, the VIF values ranged from 10.002
to 10.034 for TLR4, SR-B1, and DC-SIGN. Based on the
assessment criterion applied in this study, these values were
interpreted as indicating no problematic multicollinearity,
suggesting that the included predictors could be entered
simultaneously into the multivariable logistic regression
models without substantial distortion of coefficient
estimates. Following the assessment of distributional
characteristics and collinearity among predictors, logistic
regression analysis was conducted to examine the diagnostic
contribution of each PRRs biomarker, both individually and
in combination.

As shown in Table 3, TLR4 emerged as the only
biomarker consistently associated with RMT status across
all fitted logistic regression models. In the univariable
model, TLR4 was a significant predictor, with a coefficient
of 0.1818, a p-value of less than 0.001, and an odds ratio of
1.1994 (95% CI: 1.1149 to 1.2904), indicating that each one-

unit increase in TLR4 was associated with an approximately

Biomarker RMT-positive RMT-negative Mann-Whitney Spearman Spearman
(Mean+SD) (Mean+SD) p-value r value p-value
TLR4 113.94+10.51 89.53+11.53 0.011* 0.861 <0.001*
SR-B1 20.82+5.93 20.90+5.25 0.628 0.047 0.662
DC-SIGN 4.30+1.28 4.38+1.48 0.223 0.125 0.242

Mann-whitney analysis was performed to analyze mean difference between RMT-positive and RMT-negative.
Meanwhile, Spearman’s correlation test was performed to examine the association between PRR levels and subclinical

TB status. *Significant if p<0.05.
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19.9% increase in the odds of RMT. This association
remained stable after adjustment for SR-B1 and DC-SIGN
in the multivariable models, with odds ratios ranging from
1.2015 to 1.2035 and all p-values remaining below 0.001.
In contrast, SR-B1 and DC-SIGN were not significantly
associated with RMT, either as single predictors or when
included in combination models, as reflected by p-values
greater than 0.05 and confidence intervals that included 1.
These findings indicate that, among the evaluated PRRs
biomarkers, TLR4 demonstrated the strongest and most
consistent diagnostic potential, whereas SR-B1 and DC-
SIGN did not provide meaningful independent predictive
value in the current dataset.

To further evaluate the robustness and generalizability
of the logistic regression models, a 10-fold cross-validation
procedure was performed for each biomarker model and
biomarker combination. Model performance was assessed
using the area under the receiver operating characteristic
curve (AUC), accuracy, sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV). This validation step was intended to determine
whether the observed diagnostic performance remained
consistent across different data partitions and to identify the
most stable predictive model.

The TLR4-only model demonstrated the most
consistently strong predictive performance. It achieved
a mean AUC of approximately 0.93 (ranging from 0.75
to 1.00) and a mean accuracy of approximately 0.90. In
sharp contrast, the SR-B1 and DC-SIGN models, when
used alone, showed poor and unstable performance, with
mean AUCs of 0.29 and 0.47, respectively (Table 4). These
results indicate that TLR4 is the only single biomarker with
substantial diagnostic utility for classifying RMT status.

Models combining multiple biomarkers also achieved
high performance, provided they included TLR4. While
the full model (TLR4 + SR-B1 + DC-SIGN) produced the

Table 4. Cross validation analysis of all parameters.
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highest mean AUC of approximately 0.93, this improvement
over the TLR4-only model was marginal and did not result
in higher mean accuracy. Furthermore, the poor performance
of the SR-B1 + DC-SIGN combination (Mean AUC ~0.25)
confirms that the absence of TLR4 substantially reduces
model discrimination. Overall, these findings suggest
that the addition of SR-B1 and DC-SIGN provides little
meaningful improvement over the use of TLR4 alone.

To further assess the discriminatory performance of
each biomarker model, receiver operating characteristic
(ROC) curve analysis was performed for all single- and
multi-biomarker combinations. The ROC curves presented
in Figures 2 and 3 provide a visual comparison of the
diagnostic ability of each model, while Table 5 summarizes
the corresponding AUC values, 95% confidence intervals,
optimal cut-off points, and classification metrics. This
analysis was conducted to identify the most accurate and
clinically relevant PRRs-based model for subclinical TB
diagnosis.

As illustrated in Figures 2 and Figure 3, models
that included TLR4 consistently demonstrated superior
discrimination, with ROC curves located near the upper-left
corner of the plot, indicating strong sensitivity-specificity
trade-offs. In contrast, the ROC curves for SR-B1, DC-
SIGN, and the SR-B1 + DC-SIGN combination remained
close to the diagonal reference line, suggesting limited
discriminatory capacity. Visually, the TLR4-only model and
the models combining TLR4 with SR-B1 and/or DC-SIGN
showed highly similar ROC profiles, indicating that the
addition of the other biomarkers did not materially improve
overall discrimination beyond that achieved by TLR4
alone.

As shown in Table 5, the TLR4 model achieved the
highest standalone diagnostic performance, with an AUC
of 0.9369 (95% CI: 0.8879 to 0.9858), an optimal cut-off
of 0.5119, an accuracy of 0.8977, a sensitivity of 0.913,

Biomarker Model Mean AUC  Mean Accuracy Performance Description
TLR4 0.93 0.90 Strong & Robust: The most reliable single predictor
SR-BI 0.29 0.38 Poor: Unstable and low diagnostic utility
DC-SIGN 0.47 0.50 Limited: Low discriminatory ability
TLR4, SR-B1 0.92 0.85 High: Similar to TLR4 but with lower accuracy
TLR4, DC-SIGN 0.93 0.88 High: Comparable to the TLR4-only model
SR-B1, DC-SIGN 0.25 0.42 Poor: Performance drops significantly without TLR4
TLR4, SR-B1, DC-SIGN 0.93 0.84 Marginal: Highest AUC but no accuracy gain over TLR4
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and a specificity of 0.881. The combined TLR4 + SR-B1
model yielded an identical AUC of 0.9369, but with slightly
lower accuracy (0.8864) and sensitivity (0.8696), although
specificity was marginally higher (0.9048). Similarly, the
TLR4 + DC-SIGN model and the full TLR4 + SR-B1 + DC-
SIGN model also showed excellent performance, with AUC
values 0f 0.9348 and 0.9363, respectively, but neither model
demonstrated a clear improvement over TLR4 alone. These
findings suggest that adding SR-B1 and DC-SIGN to TLR4
provided little additional diagnostic benefit.

By contrast, SR-B1 alone, DC-SIGN alone, and the SR-
B1 + DC-SIGN combination exhibited poor discriminatory
performance, with AUC values of 0.5241, 0.5145, and
0.5072, respectively. Although DC-SIGN showed relatively
high sensitivity (0.7609) and the SR-B1 + DC-SIGN
model showed even higher sensitivity (0.8696), their low
specificity values of 0.3810 and 0.3095 indicate poor ability
to correctly classify non-subclinical TB cases. Overall, these
results demonstrate that TLR4 was the dominant biomarker
for subclinical TB discrimination and that it offered the best
balance between sensitivity and specificity. Taken together,
the ROC analysis supports TLR4 as the most promising
PRRs biomarker and the most parsimonious model for the
diagnosis of subclinical TB in the present study.

Discussion

Demographic factors, including age, sex, and nutritional
status, were not significantly associated with subclinical TB
in this study. This is consistent with longitudinal data from
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Model

DC-SIGN (AUC=0.514)
SR-BI1 (AUC=0.524)

SR-B1 + DC-SIGN (AUC=507)

TLR4 (AUC=0.937)

TLR4 + DC-SIGN (AUC=0.935)

TLR4 + SR-B1 (AUC=0.937)

TLR4 + SR-B1 + DC-SIGN (AUC=0.936)

Figure 2. ROC curves for all
biomarker combinations.

South Africa.(14) Although aging is biologically linked
to immunosenescence (15,16), and male predominance is
often associated with external risks like smoking (16,17),
our findings align with global meta-regressions and
studies in South Korea indicating that these factors may be
context-dependent and do not always reflect the subclinical
spectrum (4,14-23). Furthermore, the prevalence of normal
nutritional status among our subjects supports the concept
that subclinical TB often involves a low bacillary burden
that has not yet triggered systemic inflammation or weight
loss.(18,19,22)

In contrast to demographic traits, a history of
contact was significantly associated with subclinical TB.
The majority of subjects with positive RMT results had
documented exposure, reinforcing epidemiological evidence
that household contacts face a high risk of latent infection.
(24-26) Specifically, studies in Semarang have shown that
prolonged contact duration significantly increases the risk
of TB progression (26), highlighting the importance of
targeted screening in high-exposure groups regardless of
clinical symptoms.

Regarding comorbidities, HIV and diabetes mellitus
did not show a significant association with subclinical
TB in this cohort. While global literature emphasizes
HIV as a major driver of TB progression through class of
differentiation (CD)4 dysfunction (27-30) and diabetes
mellitus as a factor increasing risk by 20-60% via
macrophage and T-lymphocyte impairment (31,32), the lack
of significance here may reflect the early subclinical phase.
At this stage, severe immunological impairment may not yet
be manifest, or the population size may limit the detection
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of these well-established associations. Biomarker level
analysis in this study suggests the presence of innate immune
activation in individuals with subclinical TB. These findings
indicate that measurable host immune responses may occur
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Figure 3. ROC curve per model.

even in the absence of overt clinical symptoms. However,
these observations should be interpreted cautiously, as the
underlying immunological mechanisms cannot be fully
established from this cross-sectional analysis.
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Table 5. Comparison of PRRs in subclinical TB diagnosis.

Print ISSN: 2085-3297, Online ISSN: 2355-9179

Model AUC AUC 95% CI Cut-off Accuracy Sensitivity Specificity PPV NPV
TLR4 0.9369 0.8879-0.9858 0.5119 0.8977 0.9130 0.8810 0.8936 0.9024
TLR4 + SR-B1 0.9369 0.8880-0.9857 0.5458 0.8864 0.8696 0.9048 0.9091 0.8636
TLR4 + SR-B1 + DC-SIGN 0.9363 0.8876-0.9850 0.4829 0.8750 0.8913 0.8571 0.8723 0.8780
TLR4 + DC-SIGN 0.9348 0.8853-0.9843 0.4567 0.8864 0.9130 0.8571 0.8750 0.9000
SR-B1 0.5241 0.4010-0.6472 0.5237 0.5909 0.5000 0.6905 0.6389 0.5577
DC-SIGN 0.5145 0.3903-0.6387 0.5151 0.5795 0.7609 0.3810 0.5738 0.5926
SR-BI + DC-SIGN 0.5072 0.3817-0.6328 0.5097 0.6023 0.8696 0.3095 0.5797 0.6842

Multivariate analysis showed that while TLR4 serves
as a highly robust independent predictor, the integration
of multiple PRRs biomarkers showed that combining
TLR4 with SR-B1 and DC-SIGN yielded high sensitivity
but did not materially improve overall accuracy or AUC
compared to the TLR4-only model. The observed diagnostic
performance should be interpreted with caution, as the
model was derived and evaluated within the same dataset
and may be subject to overestimation. The evaluation
of these markers reflects different aspects of host innate
immune responses, ranging from pathogen recognition to
downstream immunological signaling. This is consistent
with the concept that the immune system operates through
interconnected pathogen-recognition pathways rather than
isolated mechanisms.(7) However, the integration of PRRs
biomarkers in this study should be considered exploratory,
and their role in representing subclinical TB pathogenesis
remains to be further elucidated. Although a multi-marker
approach may provide a broader overview of host responses,
its clinical applicability requires validation in larger and
independent cohorts. Overall, these suggest that subclinical
TB involves complex interactions where TLR4 acts as a
dominant indicator that may not require additional markers
like SR-B1 or DC-SIGN for effective discrimination.

Previous studies have highlighted the role of host
immune responses in tuberculosis pathogenesis and
diagnosis. Macrophage migration inhibitory factor (MIF)
expression varies according to granuloma organization,
suggesting that immune mediator levels may reflect disease
activity.(33) Urinary lipoarabinomannan (LAM) detection
may improve diagnostic yield in extrapulmonary TB,
underscoring the need for alternative biomarkers beyond
conventional sputum-based approaches.(34) In addition,
immune stimulation enhances IFN-y and IL-12 production
in peripheral blood mononuclear cells exposed to M.
tuberculosis DNA, indicating measurable host immune
activation.(35)
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Some studies have also demonstrated the relevance
of innate immune signaling pathways in TB. For example,
Toll-like receptor—related pathways have been implicated
in host—microbial interactions (36), while host biological
parameters have been associated with clinical outcomes
(37). Furthermore, hypoxia-inducible factor (HIF) has been
shown to regulate macrophage antimicrobial responses
against M. tuberculosis.(38) Taken together, these findings
provide a biological rationale for exploring PRRs-related
molecules such as TLR4, SR-B1, and DC-SIGN. However,
when compared with the broader literature on host-derived
blood biomarkers for TB, the diagnostic performance of
such biomarkers remains variable across studies.
should therefore be
cautiously in light of several methodological limitations.

These findings interpreted
The relatively small sample size and single-center setting
may limit generalizability to populations with different host
genetics or M. tuberculosis strain diversity. In addition,
the use of RMT as the reference standard may have led
to misclassification, particularly in paucibacillary cases
where bacterial load is low. Consequently, some subjects
in the RMT-negative group may have had undetected
subclinical TB, which could affect the estimated diagnostic
performance of the biomarkers. An important consideration
in interpreting these findings is the distinction between RMT-
negative individuals and truly healthy populations. Subjects
in the RMT-negative group were not asymptomatic healthy
controlsbutindividuals with clinical orradiological suspicion
of subclinical TB. Therefore, it is plausible that biomarker
levels in the RMT-negative group in this study may differ
from those observed in truly healthy populations, potentially
narrowing the observed differences between groups and
contributing to reduced discriminatory performance. In this
context, the limited independent predictive value observed
for SR-B1 and DC-SIGN may be partly explained by their
broader roles in innate immune recognition, which are not
specific to TB. Taken together, these findings suggest that
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while SR-B1 and DC-SIGN contribute to the biological
understanding of host responses to M. tuberculosis, their
role as independent diagnostic markers appears limited.
Their potential utility may be better realized as part of a
multi-marker panel reflecting complementary immune
pathways rather than as single discriminatory indicators.
Future research is warranted to validate these findings in
larger, independent, and more diverse populations, ideally
using longitudinal designs to assess the predictive value of
these biomarkers for progression from subclinical to active
TB. Additionally, incorporating healthy control groups and
more sensitive or composite reference standards may help
to better define the diagnostic performance and biological
relevance of these host immune markers.

Conclusion

Among the innate immune biomarkers evaluated, TLR4
demonstrated the most robust and consistent diagnostic
potential for distinguishing RMT-positive status among
individuals with suspected subclinical TB, suggesting its
role as a primary indicator of early host immune activation.
While multi-biomarker models incorporating SR-B1 and
DC-SIGN achieved high sensitivity, they provided limited
additional benefit in overall accuracy compared to the
more parsimonious TLR4-only model. These findings
highlight the potential utility of TLR4 as a non-sputum-
based biomarker associated with RMT-positive cases in
this population, while SR-B1 and DC-SIGN appear to
have a more complementary role within an exploratory
multi-marker framework. Importantly, individuals with
both RMT-positive results and elevated TLR4 levels may
require closer clinical monitoring due to the potential risk of
progression to active TB.

Acknowledgments

This research was partially supported by a research grant
from Universitas Islam Al-Azhar. The authors gratefully
acknowledge the institutional support that facilitated the
conduct of this study.

Authors Contribution

RIPP conceptualized and designed the study, and was
responsible for data collection and data analysis. K
contributed to data interpretation and provided important

PRRs in Subclinical Tuberculosis Diagnosis (Priyono RIP, et al.)
Indones Biomed J. 2026; 18(2): 201-12

intellectual input. DS and SD contributed to data acquisition
and supported the analytical process. RIPP drafted the
manuscript and prepared the figures. All authors critically
revised the manuscript and approved the final version for
publication.

Ethical Statement

The study was approved by the Health Research Ethics
Committee of Faculty of Medicine, Universitas Islam
Al-Azhar Mataram (No: 079/EC-03/FK-06/UNIZAR/
VI11/2025) and by the Health Research Ethics Committee of
Regional General Hospital, Mataram (No: 021/Etik Pen./
RSUD/V1/2025). Written informed consent was obtained
from all subjects and the study was conducted in accordance
with the Declaration of Helsinki principles.

Conflict of Interest

Authors declare that there are no conflict of interest.

References

1. World Health Organization. Global Tuberculosis Report 2025.
Geneva: WHO Press; 2025.

2. Bhunia SK, Dey S, Pal A, Giri B. Evaluation of socio-demographic
profile and basic risk factors of tuberculosis patients in South 24
Parganas district of West Bengal, India: a hospital-based study. Afr
Health Sci. 2023; 23(3): 358-65. doi: 10.4314/ahs.v23i3.42.

3. Fahdhienie F, Mudatsir M, Abidin TF, Nurjannah N. Risk factors of
pulmonary tuberculosis in Indonesia: A case-control study in a high
disease prevalence region. Narra J. 2024; 4(2): 1-12. doi: 10.52225/
narra.v4i2.943.

4.  Frascella B, Richards AS, Sossen B, Emery JC, Odone A, Law I,
et al. Subclinical tuberculosis disease: A review and analysis of
prevalence surveys to inform definitions, burden, associations, and
screening methodology. Clin Infect Dis. 2021; 73(3): e830—41. doi:
10.1093/cid/ciaal402.

5. Teo AKJ, Maclean ELH, Fox GJ. Subclinical tuberculosis: A meta-
analysis of prevalence and scoping review of definitions, prevalence
and clinical characteristics. Eur Respir Rev. 2024; 33(172): 200208.
doi: 10.1183/16000617.0208-2023.

6.  Sarkar M. Incipient and subclinical tuberculosis: A narrative review.
Monaldi Arch Chest Dis. 2025. doi: 10.4081/monaldi.2025.2982.

7.  Drain PK, Gardiner J, Hannah H, Broger T, Dheda K, Fielding K,
et al. Guidance for studies evaluating the accuracy of biomarker-
based nonsputum tests to diagnose tuberculosis. J Infect Dis. 2019;
220(Suppl 3): S108-15. doi: 10.1093/infdis/jiz356.

8. Shen F, Sergi C. Sputum analysis. In: StatPearls. Treasure Island:
StatPearls Publishing; 2023.

9. Li D, Wu M. Pattern recognition receptors in health and diseases.
Signal Transduct Target Ther. 2021; 6: 291. doi: 10.1038/s41392-
021-00687-0.

211



The Indonesian Biomedical Journal, Vol.18, No.2, April 2026, p.107-212

10.

11.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

212

Hu W, Spaink HP. The role of TLR2 in infectious diseases caused
by mycobacteria: From cell biology to therapeutic target. Biology.
2022; 11(2): 246. doi: 10.3390/biology11020246.

Thada S, Horvath GL, Miiller MM, Dittrich N, Conrad ML, Sur S, et
al. Interaction of TLR4 and TLRS in the innate immune response
against Mycobacterium tuberculosis. Int J Mol Sci. 2021; 22(4):
1560. doi: 10.3390/ijms22041560.

Zihad SMNK, Sifat N, Islam MA, Monjur-Al-Hossain ASM, Sikdar
KMYK, Sarker MMR, et al. Role of pattern recognition receptors
in sensing Mycobacterium tuberculosis. Heliyon. 2023; 9(10):
€20636. doi: 10.1016/j.heliyon.2023.e20636.

Lugo-Villarino G, Troegeler A, Balboa L, Lastrucci C, Duval C,
Mercier 1, et al. The C-type lectin receptor DC-SIGN has an anti-
inflammatory role in Human M(IL-4) macrophages in response to
Mycobacterium tuberculosis. Front Immunol. 2018: 9: 1123. doi:
10.3389/fimmu.2018.01123.

Naidoo K, Moodley MC, Hassan-Moosa R, Dookie N, Yende-Zuma
N, Perumal R, ef al. Recurrent subclinical tuberculosis among
antiretroviral therapy-accessing participants: Incidence, clinical
course, and outcomes. Clin Infect Dis. 2022; 75(9): 1628-36.

Dong Z, Wang QQ, Yu SC, Huang F, Liu JJ, Yao HY, et al. Age-
period-cohort analysis of pulmonary tuberculosis reported
incidence, China, 2006-2020. Infect Dis Poverty. 2022; 11: 85. doi:
10.1186/540249-022-01009-4.

Handayani L. Studi epidemiologi tuberkulosis paru (TB) di Indonesia:
Temuan Survey Kesehatan Indonesia (SKI) 2023. Jurnal Kendari
Kesehatan Masyarakat. 2024; 4(1): 60—4.

Noviyani A, Nopsopon T, Pongpirul K. Variation of tuberculosis
prevalence across diagnostic approaches and geographical areas
of Indonesia. PLoS One. 2021; 16(10): €0258809. doi: 10.1371/
journal.pone.0258809.

Tang P, Liang E, Zhang X, Feng Y, Song H, Xu J, et al. Prevalence
and risk factors of subclinical tuberculosis in a low-incidence
setting in China. Front Microbiol. 2022; 12: 731532. doi: 10.3389/
fmicb.2021.731532.

Jeong YJ, Park JS, Kim HW, Min J, Ko Y, Oh JY, et al. Characteristics
of subclinical tuberculosis compared to active symptomatic
tuberculosis using nationwide registry cohort in Korea: Prospective
cohort study. Front Public Health. 2023; 11: 1275125. doi: 10.3389/
fpubh.2023.1275125.

Arghir IA, Andronache IT, Ion I. Basic and descriptive spectrum of
tuberculosis in a large cohort of hospitalized patients. Curr Health
SciJ. 2025; 51(2): 213-9.

ShiJ, YuY, Li B, Shang Y, Yao C, Ren W, et al. Diagnostic accuracy
of smear microscopy, mycobacterial culture, and GeneXpert MTB/
RIF assay for diagnosis of subclinical tuberculosis: A retrospective
multicenter study. Microbiol Spectr. 2025; 13(5): e01888-24. doi:
10.1128/spectrum.01888-24.

Zhang A, Wang W, Wang Z, Sheng H, Yang J. Characteristics
of subclinical pulmonary tuberculosis compared to active
pulmonary tuberculosis: A retrospective cohort study. J Clin
Tuberc Other Mycobact Dis. 2025; 40: 100535. doi: 10.1016/j.
jetube.2025.100535.

Stuck L, van Haaster AC, Kapata-Chanda P, Klinkenberg E, Kapata
N, Cobelens F. How “subclinical” is subclinical tuberculosis? An
analysis of national prevalence survey data from Zambia. Clin
Infect Dis. 2022; 75(5): 842-8.

Velen K, Shingde RV, Ho J, Fox GJ. The effectiveness of contact
investigation among contacts of tuberculosis patients: A systematic
review and meta-analysis. Eur Respir J. 2021; 58: 2100266. doi:

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Print ISSN: 2085-3297, Online ISSN: 2355-9179

10.1183/13993003.00266-2021.

Krishnamoorthy Y, Ezhumalai K, Murali S, Rajaa S, Jose M,
Sathishkumar A, et al. Prevalence and risk factors associated with
latent tuberculosis infection among household contacts of smear
positive pulmonary tuberculosis patients in South India. Trop Med
Int Health. 2021; 26(12): 1645-51.

Karbito K, Susanto H, Adi MS, Sulistiyani S, Handayani OWK,
Sofro MAU. Latent tuberculosis infection in family members in
household contact with active tuberculosis patients in Semarang
City, Central Java, Indonesia. J Public Health Afr. 2022; 13: 2157.
doi: 10.4081/jphia.2022.2157.

Carter N, Webb EL, Lebina L, Motsomi K, Bosch Z, Martinson NA,
et al. Prevalence of subclinical pulmonary tuberculosis and its
association with HIV in household contacts of index tuberculosis
patients in two South African provinces. BMC Glob Public Health.
2023; 1: 21. doi: 10.1186/s44263-023-00022-5.

Navasardyan I, Miwalian R, Petrosyan A, Yeganyan S, Venketaraman
V. HIV-TB coinfection: Current therapeutic approaches and drug
interactions. Viruses. 2024; 16(3): 321. doi: 10.3390/v16030321.

Hosseinian K, Gerami A, Bral M, Venketaraman V. Mycobacterium
tuberculosis—-human immunodeficiency virus infection and the role
of T cells in protection. Vaccines. 2024; 12(7): 730. doi:10.3390/
vaccines12070730.

Kapata N, Tembo J, Mwaba P, Nabyonga-Orem J, Ntoumi F, McHugh
TD, et al. Undiagnosed burden of latent tuberculosis, active
tuberculosis and tuberculosis-HIV co-infections in Africa. 1JID
Regions. 2025; 14: 100585. doi: 10.1016/j.ijregi.2025.100585.

Liu Q, Yan W, Liu R, Bo E, Liu J, Liu M. The association between
diabetes mellitus and the risk of latent tuberculosis infection: A
systematic review and meta-analysis. Front Med. 2022; 9: 899821.
doi: 10.3389/fmed.2022.899821.

Zhou G, Guo X, Cai S, Zhang Y, Zhou Y, Long R, et al. Diabetes
mellitus and latent tuberculosis infection: An updated meta-analysis
and systematic review. BMC Infect Dis. 2023; 23: 770. doi:
10.1186/s12879-023-08775-y.

Kadriyan H, Djannah F, Habib P, Cahyawati TD, Siddik N. Well-
organized granuloma lymphadenitis tuberculosis expressed lower
macrophage migration inhibitory factor (MIF) score compared to
the poorly-organized granuloma. Indones Biomed J. 2023; 15(1):
47-53.

Rachmayati S, Susanti AL, Andriyoko B. Detection of mycobacterial
lipoarabinomannan with a monoclonal antibody qualitative ELISA
in urine of tuberculous meningitis patients. Indones Biomed J.
2016; 8(1): 55-60.

Erawati M, Widyastiti NS, Winarni TI, Dharmana E. B-Glucan
increases IFN-y and IL-12 production of peripheral blood
mononuclear cells with/without induction of Mycobacterium
tuberculosis wild-type/mutant DNA. Indones Biomed J. 2019;
11(2): 200-4.

Hayati N, Panjaitan CC, Sandra F. Microbiome in oral squamous cell
carcinoma: Mechanisms and signaling pathways. Mol Cell Biomed
Sci. 2020; 4(2): 52-60.

Yunda DK, Witjaksono F, Nurwidya F. Correlation between protein
intake, fat free mass, and total lymphocyte count with quality of
life in pulmonary tuberculosis patients undergoing intensive phase
treatment in Pekanbaru, Riau Province. Mol Cell Biomed Sci. 2020;
4(3): 128-34.

Fitriana N, Iswanti FC, Sadikin M. The role of hypoxia-inducible
factor in Mycobacterium tuberculosis-infected macrophages. Mol
Cell Biomed Sci. 2024; 8(1): 23-30.



