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Abstract

Introduction: Conventional diagnostic approaches for tuberculosis (TB) often require prolonged periods to yield definitive results, which may delay
timely clinical decision-making. Host-derived inflammatory biomarkers reflecting innate immune responses have gained increasing attention;
however, the diagnostic value of integrating the long pentraxin 3 (PTX3) with routinely available acute-phase proteins and hematological parameters
remains insufficiently explored. We hypothesized that a multiparametric inflammatory panel reflecting systemic inflammation and innate immune
responses could improve the diagnostic performance for TB. Therefore, this study aimed to evaluate the diagnostic performance of infection-related
biomarkers, including PTX3, C-reactive protein (CRP), and serum amyloid A (SAA), together with hematological parameters (lymphocytes, monocytes,
neutrophils, eosinophils, basophils, and platelets), and to investigate whether different biomarker combinations improve the identification of active
TB.

Materials and Methods: In this cross-sectional study, peripheral blood samples were analyzed using a Sysmex XN-1000 hematology analyzer. CRP
and SAA levels were measured using chemiluminescence, and PTX3 levels were measured using enzyme-linked immunosorbent assay. Diagnostic
performance was assessed using receiver operating characteristic curve analysis.

Results: In the TB group, CRP, SAA, WBC, monocyte count (MONO), and NEU levels were significantly higher, whereas LYM and BASO levels were
significantly lower than those in the control group (p < 0.05). Among the evaluated biomarker combinations, CRP—-MONO yielded the numerically
highest area under the curve (AUC; 0.943), followed by CRP-LYM (AUC, 0.934).

Conclusion: Our findings suggest that combining routinely available inflammatory biomarkers with hematological parameters may have potential
utility in distinguishing patients with active TB from healthy controls. These exploratory findings require validation in larger, independent, multicenter
cohorts before clinical application.
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Giris: Tuberkiloz (TB) icin kullanilan geleneksel tani yaklasimlari cogu zaman kesin sonuc elde etmek icin uzun stire gerektirmekte ve bu durum
zamaninda klinik karar verilmesini geciktirebilmektedir. Dogal bagisiklik yanitini yansitan konak kaynakli inflamatuvar biyobelirtecler son yillarda
giderek daha fazla ilgi gormektedir. Ancak uzun pentraxin ailesinden olan PTX3’tin rutin olarak kullanilan akut faz proteinleri ve hematolojik
parametrelerle birlikte degerlendirilmesinin tanisal degeri heniiz yeterince arastirilmamistir. Bu calismada, sistemik inflamasyonu ve dogal bagisikhk
dinamiklerini yansitan cok parametreli bir inflamatuvar panelin TB tanisindaki performansi artirabilecegi hipotez edilmistir. Bu nedenle ¢alismanin
amaci, PTX3, C-reaktif protein (CRP) ve serum amiloid A (SAA) gibi enfeksiyon iliskili biyobelirteclerin; lenfosit, monosit, notrofil, eozinofil, bazofil ve
trombosit gibi hematolojik parametrelerle birlikte tanisal performansini degerlendirmek ve farkli biyobelirte¢ kombinasyonlarinin TB hastalarinin
belirlenmesine katkisini arastirmaktir.

Gereg ve Yontem: Bu kesitsel calismada periferik kan ornekleri Sysmex XN-1000 hematoloji analizori kullanilarak analiz edilmistir. CRP ve SAA
duzeyleri kemiliiminesans yontemiyle, PTX3 diizeyleri ise ELISA yontemi ile olctilmustir. Tanisal performans, alici isletim karakteristigi egrisi analizi
kullanilarak degerlendirilmistir.

Bulgular: TB grubunda CRP, SAA, WBC, MONO ve NEU diizeyleri kontrol grubuna gore anlaml derecede yiiksek, LYM ve BASO diizeyleri ise anlamh
derecede disik bulunmustur (p < 0,05). Degerlendirilen biyobelirtec kombinasyonlari arasinda sayisal olarak en yiiksek tanisal performans CRP—
MONO modelinde (AUC: 0.943), ardindan CRP-LYM modelinde (AUC: 0.934) elde edilmistir.

Sonug: Bulgularimiz, rutin olarak elde edilebilen inflamatuar biyobelirteclerin hematolojik parametrelerle birlestirilmesinin, aktif TB’li hastalari
saglikli kontrollerden ayirt etmede potansiyel bir fayda saglayabilecegini dustindiirmektedir. Bu kesif niteligindeki bulgularin klinik uygulamaya

gecmeden once daha buyiik, bagimsiz, cok merkezli kohortlarda dogrulanmasi gerekmektedir.

Anahtar Kelimeler: C-reaktif protein, enfeksiyon, pentraxin 3, serum amiloid A, beyaz kan hicreleri, tiiberkiiloz

Introduction

Tuberculosis (TB) is one of the oldest known chronic
infectious diseases in human history and remains a major
cause of morbidity and mortality caused by Mycobacterium
tuberculosisl. Despite being treatable, it has remained a
major global health problem for decades and was the leading
cause of death from a single infectious pathogen until
2019231, According to the World Health Organization (WHO),
approximately one-quarter of the global population has been
infected with Mycobacterium tuberculosis and is estimated to
have latent TB infection,

Inflammation plays an important role in the pathogenesis
of TBPl. C-reactive protein (CRP), serum amyloid A (SAA), and
pentraxin 3 (PTX3) are acute-phase reactants released in response
to cytokines, particularly interleukin-6, during infectious
diseases. These proteins contribute to the host response to
infection and inflammation®”. PTX3 is a key component of
innate immunity and functions as a soluble pattern recognition
molecule. CRP is released from the liver, indicating a systemic
response to local inflammation, whereas PTX3 is directly
released by damaged tissues, reflecting the local inflammatory
status®l. SAA also plays a significant role in acute and chronic
inflammation and is used as an indicator of inflammation in
clinical laboratories!'™. Additionally, severe TB cases frequently
exhibit hematological abnormalitiest'. In TB, complete blood
count indices, including neutrophil (NEU) count, platelet (PLT)
count, and CRP levels, may be useful for determining disease
severity and monitoring treatment responsel’l. Various studies
have suggested that CRP and PLT distribution width could serve
as potential biomarkers of TB severity[>"4,
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Despite advances in diagnostic technologies, current tools for
the detection of Mycobacterium tuberculosis infection remain
limited by delayed turnaround timesand suboptimal sensitivity,
leading to missed or delayed diagnoses worldwidel'>"l,
Although culture remains the gold standard for TB diagnosis,
the time required to obtain results often extends over several
weeks!'". Consequently, increasing attention has been directed
toward host-derived inflammatory biomarkers that reflect the
innate immune response during infection. While acute-phase
proteins have been widely investigated, the diagnostic value
of integrating the long pentraxin PTX3 with routinely available
inflammatory and hematological parameters has not been
sufficiently explored. We hypothesized that a multiparametric
inflammatory panel reflecting both systemic inflammation
and innate immune dynamics could improve diagnostic
performance in TB. The novelty of the present study lies in the
simultaneous evaluation of PTX3, conventional acute-phase
reactants, and routinely available hematological parameters,
as well as their two- and three-marker combinations, within
the same cohort. Rather than focusing on a single biomarker
class, this exploratory approach integrates markers reflecting
different components of the inflammatory response and
evaluates their diagnostic performance both individually and
in combination for discriminating active TB from healthy
controls. Therefore, the present study aimed to evaluate PTX3,
CRP, and SAA together with peripheral blood cell counts and to
investigate whether specific biomarker combinations enhance
the identification of patients with active TB using a cost-
effective and clinically applicable diagnostic strategy. Given the
relatively small sample size and exploratory design, this study
should be considered a pilot investigation intended to assess
the potential diagnostic utility of combined inflammatory
biomarkers in active TB.
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Materials and Methods

This study was conducted in accordance with the ethical
principles outlined in the 1975 Declaration of Helsinki. Ethical
approval was obtained from the Mersin University Clinical
Research Ethics Committee (decision number: 2023/359,
dated May 24, 2023). Because the analyses were performed
using blood samples collected as part of routine clinical
testing, the Ethics Committee determined that additional
written informed consent was not required. This was a single-
center, cross-sectional study. Participants were consecutively
enrolled during the study period, and blood samples collected
during routine clinical evaluation were analyzed for the study
biomarkers.

Study Groups

The target sample size was determined pragmatically based
on the estimated number of eligible patients presenting to
the Chest Diseases Outpatient Clinic. Hospital records from the
preceding 12-month period indicated that approximately 50
patients who met the eligibility criteria had been diagnosed
with TB. Considering the anticipated number of eligible
patients during the study period, recruitment feasibility, and
the potential for data loss, a minimum target of 20 patients
with active TB and 20 healthy controls was established.
No formal a priori sample-size or power calculation was
performed. Participants were consecutively selected from
individuals presenting to the Chest Diseases Outpatient Clinic
between March 1, 2022, and March 1, 2023. TB was diagnosed
based on clinical evaluation and confirmed by microbiological
culture positivity for Mycobacterium tuberculosis. Patients with
culture-confirmed active pulmonary TB (PTB) were included
in the study. The patient group comprised 24 individuals with
newly diagnosed active TB who had not previously received
TB treatment and had no concomitant infectious or chronic
diseases. The control group comprised 24 healthy volunteers
recruited from individuals presenting to the hospital laboratory
for routine laboratory testing during the same study period.
Controls were not recruited from the Chest Diseases Outpatient
Clinic. Individuals with a history of infectious or chronic
disease or clinical symptoms suggestive of active infection
were excluded from the control group.

Sample Collection

For PTX3, CRP, and SAA analyses, 7—10 mL of peripheral blood
was collected into vacuum gel tubes without anticoagulant
(Vacusera, Turkiye). For WBC, LYM, monocyte count (MONO),
NEU, eosinophil (EOS), basophil (BASO), and PLT counts, 3-5
mL of peripheral blood was collected into hemogram tubes
containing Na,EDTA (Vacusera, Tiirkiye). Blood samples
collected in vacuum gel tubes without anticoagulant were

centrifuged at 4,000 rpm for 10 minutes to obtain serum.
Subsequently, approximately 1-1.5 mL of serum was carefully
transferred to a sterile Eppendorf tube and stored at —20°C
until analysis. All samples were analyzed within 6 months
of storage at —20°C to maintain analytical integrity. Blood
samples collected in Na,EDTA tubes were analyzed within a
maximum of 2 hours after collection.

Analysis Process

WBC, LYM, MONO, NEU, EOS, BASO, and PLT were analyzed
within 1-2 hours after blood collection using an automated
hematology analyzer (XN-1000, Sysmex Corp., Japan) based
on electrical impedance and flow cytometry. Serum samples
stored at —20°C until the day of analysis were thawed at
room temperature before CRP, PTX3, and SAA measurements.
Quantitative CRP and SAA measurements were performed using
the chemiluminescence-based Maglumi X3 Automated System
(Snibe Co. Ltd., Shenzhen, China), whereas PTX3 was measured
using the Human Ptx3 Enzyme-Linked Immunosorbent Assay
(ELISA) kit (Lot No. 201609, SunRedBio, Shanghai) according to
the manufacturer’s instructions.

Statistical Analysis

Quantitative data were analyzed using SPSS version 20.0
(IBM Corporation, Armonk, New York, USA). The normality
of continuous variables was assessed using the Shapiro-
Wilk test. Comparisons of continuous variables between the
2 groups were performed using the Mann-Whitney U test.
Spearman rank correlation coefficients were calculated to
assess correlations between the measured variables. Receiver
operating characteristic (ROC) curve analysis was performed to
evaluate diagnostic performance, and the area under the curve
(AUC) was calculated. Optimal cut-off values were determined
using Youden’s index, defined as sensitivity + specificity — 1,
with the threshold that maximized the Youden index selected
as the optimal cut-off value. The AUCs of CRP alone and the
CRP-MONO combination were compared using DelLong’s test
for correlated ROC curves. Binary logistic regression analysis
was used to evaluate the combined diagnostic performance
of the biomarkers, with TB status as the dependent variable.
Regression coefficients (), odds ratios (ORs), 95% confidence
intervals (CIs), and p values were estimated for each model.
The predicted probability of active TB was derived from the
logistic regression equation, where logit(p) = B, + B.X, + B,X,
+ ...+ BX and p =1/[1 + exp(—logit(p))]. Detailed regression
coefficients and model-specific equations are provided in
the Supplementary Material. For the CRP—-MONO threshold-
based analysis, the two biomarker thresholds were jointly
evaluated using an OR classification rule. A participant was
classified as positive when CRP was >5.44 mg/L or MONO was
>1.04 x 10%/puL. Sensitivity, specificity, and the Youden index
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were calculated for this combined binary classification rule.
This threshold-based analysis was distinct from the continuous
combined biomarker analysis. Analyses with a p value <0.05
were considered statistically significant.

A total of 48 individuals, including 24 patients with active TB
and 24 healthy controls, were included in the study. In the TB
group, 16 participants (66.7%) were male and 8 (33.3%) were
female, whereas the control group consisted of 19 males
(79.2%) and 5 females (20.8%). The mean age was 47.3 = 20.8
years in the TB group and 41.7 £ 9.0 years in the control group,
with no statistically significant difference between the groups
(p = 0.240). The median (IQR) ages were 51 (28-61) years and
43 (37.8-48) years in the TB and control groups, respectively.
All patients in the TB group had PTB. Nine patients (37.5%)
with PTB had cavitary lesions on radiologic imaging. The acid-
fast bacilli (AFB) smear positivity rate among TB patients was
83.3% (20/24), and at least one of the three Mycobacterium
tuberculosis strains (12.5%) was resistant to a first-line anti-TB
drug.

In the TB group, CRP, SAA, WBC, MONO, and NEU levels were
significantly higher, whereas LYM and BASO levels were
significantly lower than those in the control group (p < 0.05).
No significant differences were observed between the groups
in PTX3, PLT, or EOS levels (p = 0.853, p = 0.170, and p = 0.116,
respectively) (Table 1). When the patient group was evaluated
according to AFB smear positivity, only CRP levels differed
significantly between AFB smear-positive and AFB smear-
negative patients (p = 0.042).

When correlations between the parameters were analyzed,
moderate positive correlations were observed between CRP
and SAA, WBC, MONO, and NEU (r = 0.597, 0.308, 0.395, and
0.530, respectively); between MONO and WBC, NEU, and EOS
(r = 0.674, 0.608, and 0.315, respectively); and between LYM
and WBC and BASO (r = 0.315 and 0.398, respectively). A strong
positive correlation was observed between NEU and WBC (r =
0.894) (p < 0.05). In addition, moderate negative correlations
were observed between LYM and CRP (r = —0.511), LYM and
SAA (r = —0.443), and CRP and BASO (r = —0.407) (Table 2).

The diagnostic performance analysis of different combinations
of parameters revealed that the CRP-LYM (AUC, 0.934), CRP-
NEU (AUC, 0.932), and PTX3-CRP (AUC, 0.905) pairs, as well
as the CRP-MONO-LYM (AUC, 0.939), CRP-MONO-NEU (AUC,
0.934), CRP-WBC-NEU (AUC, 0.929), and CRP-PTX3-MONO (AUC,
0.917) triple combinations, yielded relatively high AUC values.
However, given the non-significant diagnostic performance
of PTX3 alone, the AUC values observed for PTX3-containing
combinations should not be interpreted as evidence of an
incremental diagnostic contribution from PTX3. Among the
evaluated combinations, CRP—MONO vyielded the numerically
highest AUC (0.943) (Table 3, Figure 1). However, the difference
between the AUC of CRP alone (0.936) and that of the CRP—
MONO combination (0.943) was not statistically significant
(DeLong test, p = 0.307).

When the diagnostic performance of the parameters was
analyzed individually, CRP (AUC, 0.936), MONO (AUC, 0.828),
and NEU (AUC, 0.795) demonstrated the best diagnostic
performance as individual parameters for TB diagnosis. For
differentiating patients with active TB from healthy controls,
the optimal cut-off value for CRP was 4.97 mg/L, with a Youden
index of 0.875, sensitivity of 91%, and specificity of 95%. The

Table 1. Median, minimum-maximum(min-max), and p values of PTX3, CRP, SAA, WBC, LYM, MONO, NEU, EOS, BASO, and PLT parameters

in the tuberculosis and control groups.

Laboratory Tuberculosis group (n = 24) Median Control group (n = 24) Median (min-

parameters (min-max) max) p value
PTX3 ng/mL 1.509 (0.432-19.02) 1.451(1.106-6.868) 0.853
CRP mg/L 47.470 (0.27-242.83) 2.100 (0.20-15) <0.001
SAA pg/mL 235.000 (0.57-300) 12.400 (0.10-300) 0.004
WBC x 10°/pL 9.595 (4.41-14.88) 7.780 (5.35-9.42) 0.030
LYM x 103/pL 1.835(0.58-3.12) 2.580 (1.15-3.49) 0.004
MONO x 10%/pL 0.805 (0.48-1.86) 0.570 (0.41-0.83) <0.001
NEU x 103/uL 6.045 (2.82-10.78) 4.415 (2.46-5.88) < 0.001
EOS x 10%/pL 0.150 (0.0-0.76) 0.060 (0.02-0.34) 0.116
BASO x 10°/uL 0.055 (0.010-0.55) 0.105 (0.020-1.26) 0.004
PLT x 10%/plL 293.500 (10.5-463) 263.000 (195-380) 0.170

n, Number of samples; p, values of significance with difference for each group. PTX3, pentraxin 3; CRP, C-reactive protein; SAA, serum amyloid A; WBC, white blood cell count;
LYM, lymphocyte count; MONO, monocyte count; NEU, neutrophil count; EOS, eosinophil; BASO, basophils; PLT, platelet.
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optimal cut-off value for MONO was 0.630 x 10%/uL, with a
Youden index of 0.542, sensitivity of 83%, and specificity of
71%. The optimal cut-off value for NEU was 5.35 x 10%/uL, with
a Youden index of 0.667, sensitivity of 75%, and specificity

of 91% (Table 4). Furthermore, the CRP—MONO combination

Table 2. Spearman correlation coefficients (r values) among PTX3, CRP, SAA, WBC, LYM, MONO, NEU, EOS, BASO, and PLT.

yielded the numerically highest AUC (0.943), with cut-off values
of 5.44 mg/L for CRP and 1.04 x 10%/uL for MONO. The Youden
index was 0.875, with a sensitivity of 91% and specificity of 95%
(Table 4).

PTX3 CRP SAA WBC LYM MONO NEU EOS BASO PLT
PTX3 1.000 0.155 0.004 —0.064 0.038 —0.033 —0.097 0.127 0.039 —0.120
CRP 0.155 1.000 0.597%* 0.308* —0.511** 0.395%* 0.530%* 0.038 —0.407** 0.057
SAA 0.004 0.597** 1.000 0.078 —0.443** 0.275 0.244 —0.057 -0.219 0.109
WBC —0.064 0.308* 0.078 1.000 0.315* 0.674** 0.894** 0.137 0.025 0.162
LYM 0.038 —0.511** —0.443** 0.315* 1.000 0.150 —0.064 0.125 0.398** —0.163
MONO —0.033 0.395%* 0.275 0.674** 0.150 1.000 0.608** 0.315* —0.185 0.237
NEU —0.097 0.530** 0.244 0.894** —0.064 0.608** 1.000 0.101 —0.198 0.210
EOS 0.127 0.038 —0.057 0.137 0.125 0.315* 0.101 1.000 —0.198 0.014
BASO 0.039 —0.407** —-0.219 0.025 0.398** —0.185 —0.198 —0.198 1.000 0.023
PLT —0.120 0.057 0.109 0.162 —0.163 0.237 0.210 0.014 0.023 1.000

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). Correlation coefficients were interpreted as follows: |r| < 0.30, weak;
0.30 < |r| <0.70, moderate; and |r| > 0.70, strong. PTX3, pentraxin 3; CRP, C-reactive protein; SAA, serum amyloid A; WBC, white blood cell count; LYM, lymphocyte count;

MONO, monocyte count; NEU, neutrophil count; EOS, eosinophil; BASO, basophils; PLT, platelet.

Table 3. PTX3, CRP, SAA, WBC, LYM, MONO, NEU, EOS, BASO, PLT, and the diagnostic performance values (AUC: Area Under the Curve).

Tests AUC 95 % Cl p value
PTX3 0.516 0.346-0.686 0.853
CRP 0.936 0.851-1.000 <0.001
SAA 0.736 0.592-0.880 0.005
WBC 0.683 0.521-0.846 0.030
LYM 0.746 0.604—0.887 0.004
MONO 0.828 0.711-0.945 <0.001
NEU 0.795 0.651-0.939 <0.001
EOS 0.632 0.458-0.806 0.117
BASO 0.739 0.598-0.879 0.005
PLT 0.615 0.454-0.777 0.170
CRP-MONO 0.943 0.862-1.000 <0.001
CRP-LYM 0.934 0.849-1.000 <0.001
CRP-NEU 0.932 0.842-1.000 <0.001
PTX3-CRP 0.905 0.807-1.000 <0.001
CRP-MONO-LYM 0.939 0.857-1.000 <0.001
CRP-MONO-NEU 0.934 0.846-1.000 <0.001
CRP-WBC-NEU 0.929 0.835-1.000 <0.001
CRP—-MONO-PTX3 0.917 0.824-1.000 <0.001

p, values of significance with difference in each group; Cl, confidence interval, AUC, area under the curve; PTX3, pentraxin 3; CRP, C-reactive protein; SAA, serum amyloid A; WBC,
white blood cell count; LYM, lymphocyte count; MONO, monocyte count; NEU, neutrophil count; EOS, eosinophil; BASO, basophils; PLT, platelet.
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Figure 1. Receiver operating characteristic (ROC) curve analyses of inflammatory biomarkers and combined biomarker scores for the
diagnosis of active TB. (A) ROC curve for CRP. (B) ROC curve for MONO. (C) ROC curves for selected triple-marker combinations. (D) ROC
curves for selected dual-marker combinations. AUC, area under the curve; Cl, confidence interval; CRP, C-reactive protein; LYM, lymphocyte
count; MONO, monocyte count; NEU, neutrophil count; PTX3, pentraxin 3; WBC, white blood cell count.

Table 4. The cut-off values, sensitivity, specificity, and Youden indices for CRP, SAA, WBC, MONO, NEU, LYM, and BASO parameters, which
exhibit significant differences between the TB and control groups.

Cut-off point Sensitivity Specificity Youden index
CRP 4.97 mg/L 0.917 0.958 0.875
SAA 41.75 ug/mL 0.667 0.833 0.5
WBC 9.415 x 103/uL 0.542 0.958 0.5
MONO 0.63 x 10°/uL 0.833 0.708 0.542
NEU 5.355 x 103/pulL 0.75 0.917 0.667
LYM 2.165 x 103/ulL 0.667 0.833 0.5
BASO 0.11 x103/uL 0.875 0.5 0.375
CRP;MONO 5.44 mg/L; 1.04 x 10°/uL 0.917 0.958 0.875

For the CRP-MONO combination, positivity was defined as CRP >5.44 mg/L or MONO >1.04 x 10°/uL. Sensitivity, specificity, and the Youden index were calculated according to
this combined binary classification rule. CRP, C-reactive protein; SAA, serum amyloid A; WBC, white blood cell count; LYM, lymphocyte count; MONO, monocyte count; NEU,
neutrophil count; BASO, basophils; TB, tuberculosis.
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Rapid and accurate differentiation of patients with TB from
healthy controls is crucial for effective disease management.
However, traditional TB diagnostic methods can be costly
and may require considerable time to yield definitive results.
There remains an ongoing need for low-cost, accurate, and
rapid methods, including triage tests, that are easily accessible
and practical for use in clinical settings!®'. Blood tests and
biochemical analyses routinely performed in clinical settings
can provide rapidly accessible indicators of diseasel*.

The importance of hematological parameters has been
emphasized for predicting the risk of TB development,
identifying active TB infection, and monitoring the response
to antimicrobial therapy. Complete blood count parameters
have been proposed as potential discriminatory biomarkers
for inflammatory diseases?l. Acute-phase proteins such as
PTX3, CRP, and SAA are routinely measurable and have been
recommended as supportive discriminatory biomarkers in
infectious diseasesl®”. The combined use of acute-phase
proteins in bacterial infections has also been suggested to
provide additional information and improve sensitivity for
evaluating inflammatory status and supporting diagnosis('?.
Therefore, the present study evaluated the diagnostic
performance of whole blood indices (WBC, LYM, MONO, NEU,
EOS, BASO, and PLT) and blood proteins (PTX3, CRP, and SAA),
both individually and in combination, which can be readily
analyzed from blood and serum samples in patients with
active TB.

CRP is an acute-phase protein and a member of the pentraxin
family that is produced in response to proinflammatory stimuli.
CRP, which has been extensively studied in TB, has emerged
as a promising marker for both diagnosis and monitoring of
treatment responsel?22!. Similarly, SAA, another acute-phase
protein, has multiple immunological functions®. SAA has
been identified as a potential marker of TB and may play an
important immunological role in reinforcing granulomatous
responses to mycobacterial antigens?¥. Several studies have
reported significantly elevated levels of SAAand CRP in patients
with TB>?1. In the present study, both SAA and CRP levels were
significantly higher in the TB group than in healthy controls (p
=0.004 and p < 0.001, respectively).

Despite being classified as a non-specific marker of infection,
CRP has been shown in systematic reviews and meta-analyses
to be superior to symptom-based approaches for identifying
TB. Because of its sensitivity and specificity, the WHO has
recommended including CRP in diagnostic algorithms for HIV-
infected individuals??. In a study by Samuels et al. involving
765 samples, a CRP cut-off value of 8 mg/L yielded a sensitivity

of 79.8% and a specificity of 62.8% for differentiating patients
with TB from healthy controls?. Recent WHO guidance
highlights the importance of systematic screening and triage
approaches for TB and emphasizes the need for tools that
can identify individuals who require confirmatory diagnostic
testing®®). In the present study, a CRP cut-off value of 4.97 mg/L
yielded a sensitivity of 91% and a specificity of 95%. Although
these sensitivity and specificity values were encouraging,
they should be interpreted cautiously because the study
compared patients with active TB with healthy controls rather
than clinically relevant disease-control groups. Although CRP
is a widely available and routinely measured inflammatory
marker, the CRP cut-off value identified in the present study
(4.97 mg/L) should also be interpreted cautiously, as biomarker
thresholds may vary according to laboratory methods, assay
characteristics, patient populations, and clinical settings.
Therefore, this cut-off should not be considered a universally
applicable diagnostic threshold and requires validation in
independent and clinically representative cohorts before
routine clinical use.

PTX3 plays a role in the acute-phase response to injury,
trauma, and infectionBY. PTX3, like CRP, is a member of
the pentraxin family but is synthesized extrahepatically®'.
Whereas CRP is produced almost exclusively in the liver, PTX3
is locally expressed by various cells at sites of inflammation
and is stored in NEU-specific granulesP?®l. In this study,
although serum PTX3 levels were higher in patients with TB
than in the control group, the difference was not statistically
significant. Azzurri et al.BV reported that plasma PTX3 levels
were significantly higher in patients with TB than in healthy
controls. The discrepancy between their findings and those
of the present study may be attributable to differences in the
local synthesis of PTX3 or sample size. Although PTX3 alone
did not demonstrate significant discriminatory performance,
some PTX3-containing combinations vyielded relatively high
AUC values. However, these findings do not establish an
incremental diagnostic contribution of PTX3 and should
therefore be considered exploratory and validated in larger,
independent cohorts.

In some diseases, specific types of WBCs increase in response
to immune system activation, which may provide insight
into the underlying cause of inflammation. WBC differentials
(NEU, LYM, MONO, EOS, and BASO) are commonly used in
the diagnosis of diseases affecting specific WBC subtypest4.
Hematological abnormalities have been reported to occur
commonly in patients with TB, in whom the immune response
plays a significant role in disease pathogenesisl'. Monocytes
play a critical role in host immunity during Mycobacterium
tuberculosis infection. NEUs also have multifaceted roles
in host defense and are activated in response to bacterial
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exposure during the early stages of infection. Both monocyte
and NEU counts increase in TB and decrease significantly after
treatment'. Consistent with these findings, the present study
observed elevated monocyte and NEU counts in patients with
TB. Moreover, moderate correlations were observed between
monocytes, NEUs, and CRP. Among the individual parameters,
CRP, MONO, and NEU demonstrated the highest diagnostic
performance, with AUCs of 0.936, 0.828, and 0.795, respectively.
A formal comparison of the ROC curves was performed using
Delong’s test. Although the CRP-MONO combination yielded
a numerically higher AUC than CRP alone, the difference
between the 2 ROC curves was not statistically significant
(DeLong test, p = 0.307).

Specifically, lymphopenia has been observed in 46% of
untreated patients with PTB and 76.92% of patients with
miliary TBP®. Kang et al.P% demonstrated that lymphocyte
counts were significantly lower in patients with active TB than
in healthy controls. Similarly, in the present study, lymphocyte
count was positively correlated with WBC and basophil counts
and negatively correlated with CRP and SAA levels (p = 0.004).

PLT values have been associated with inflammatory reactions
and immune responses. Research indicates that PLTs play an
important role in the immune system['l. Tozkoparan et al.l'J
reported that PLT counts were significantly higher in patients
with active TB. However, in the present study, no significant
difference in PLT counts was observed between patients with
active TBand controls. Conversely, other studies have associated
thrombocytopenia with TB. For example, thrombocytopenia
was reported in 37.5% of 128 Indian patientsP”. Therefore,
differences in sample size and participant selection may have
contributed to the variation in findings.

Few studies have examined the combined diagnostic
performance of multiple biomarkers in TBE®. This study
comprehensively evaluated the diagnostic performance of
combinations of PTX3, CRP, SAA, WBC, LYM, MONO, NEU, EOS,
BASO, and PLT for distinguishing patients with active TB from
healthy controls. An important feature of the present study was
the integrated evaluation of biomarkers representing different
components of the inflammatory response within the same
exploratory framework. Specifically, PTX3 and conventional
acute-phase reactants were evaluated together with routinely
available hematological parameters, both individually and in
multiple 2- and 3-marker combinations. This multiparametric
approach extends the assessment beyond a single biomarker
class and enables comparative evaluation of different
inflammatory marker combinations within the same cohort.
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Given the relatively small sample size and the evaluation
of multiple biomarker combinations, the models may be
susceptible to overfitting. Therefore, the reported diagnostic
performance should be considered exploratory rather than
definitive, and these findings should be regarded as hypothesis-
generating until validated in larger, independent cohorts.

Although PTX3 levels were not significantly different
between groups in this study, combinations containing PTX3
yielded relatively high AUC values. However, no incremental
diagnostic contribution of PTX3 beyond CRP-based models
was demonstrated. Therefore, the findings regarding PTX3
should be interpreted cautiously and considered exploratory.
These findings suggest that selected biomarker combinations
may warrant further investigation as practical and accessible
diagnostic approaches, particularly in resource-limited
settings. Larger, multicenter studies that include clinically
relevant disease-control groups are needed to validate these
findings before their clinical applicability can be established.

Study Limitations

The relatively small sample size and single-center design may
restrict the generalizability of the findings. Furthermore, the
study was limited to the pretreatment phase of TB, precluding
assessment of biomarker changes during or after therapy.
Internal validation techniques, such as bootstrap resampling
or cross-validation, were not performed in this exploratory
pilot study. Consequently, the reported model performance
may be optimistic, and the robustness and generalizability
of the prediction models remain uncertain. Therefore, these
findings require validation in larger, independent, preferably
multicenter cohorts. Future studies should also incorporate
longitudinal follow-up to validate and extend these results
for broader clinical application. Another limitation is the
lack of detailed evaluation of potential confounding factors,
such as smoking status, comorbid diseases, and subclinical
inflammatory conditions, all of which may influence
inflammatory biomarker levels. Therefore, the observed
biomarker differences cannot be considered entirely specific
to TB.

Another important limitation is the absence of clinically
relevant disease-control groups. Consequently, the diagnostic
performance reported in this study reflects discrimination
between active TB and healthy individuals rather than the
differential diagnosis encountered in routine clinical practice.
Future studies should include patients with pneumonia,
sarcoidosis, malignancy, and other inflammatory lung diseases.
Because the control group consisted of healthy individuals, the
specificity values observed in this study may be overestimated
compared with those in real-world clinical settings, where
patients with TB-like symptoms are evaluated.
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This exploratory pilot study suggests that combinations
of routinely available inflammatory and hematological
parameters may have potential utility for distinguishing
patients with active TB from healthy controls. Among the
evaluated combinations, CRP-MONO vyielded the numerically
highest AUC. PTX3 alone showed limited discriminatory
performance, and its incremental diagnostic contribution
within combined models was not demonstrated. These findings
should be considered hypothesis-generating rather than
confirmatory and should not be interpreted as establishing
clinically applicable diagnostic models. Larger, independent,
multicenter studies that include clinically relevant disease-
control groups are required to validate these findings before
their potential clinical application can be established.
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