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ABSTRACT: limited information regarding the balance between cytokines secreted 

from Th1/Th2 cells and their correlation with AMP before and during treatment of 

tuberculosis. This study aimed to investigate levels of cytokines (IL10 and INF-γ) and 

certain antimicrobial peptides (HNP1-3 and HBD3) in pulmonary tuberculosis patients 

(active and treated) and their correlation with the disease severity and sputum smear grade. 

Sixty patients with PTB (Classified as 30 with Active PTB and 30 undertreatment PTB 

patient) compared to 30 apparently healthy subjects were enrolled in this case-control 

study. Blood samples were collected from each patient. Circulating levels of INF γ, IL10, 

HNP1–3 and HBD3 was measured using ELISA technique.  

Significant higher concentration of HNP 1-3 in both patient groups in comparison to 

healthy, whereas, non-significant lower mean of HBD3 was observed in active patients. 

Decrease IL 10 with increase severity, higher mean of INF-γ and HBD 3 were found in 

moderate severity cases, whereas, HNP1-3 tend to increase from mild to severe cases. 

Lower mean levels IL10 and HBD3 mean was found in +3 grade., whereas, lowest mean 

of INF-γ and HNP1-3 was seen in +2 grade. ROC analysis showed that HNP 1-3 had 

higher discriminatory power indiscrimination. This study might possibly reflect the 

importance of the tested biomarkers in pathogenesis of TB and bacterial clearance. 

 

1. INTRODUCTION 

Tuberculosis (TB) is an infectious disease caused by slow-growing intracellular pathogens Mycobacterium tuberculosis complex 

(MTBC). M. tuberculosis is causative agent of PTB in human, which was first discovered by Robert Koch in 1822 (1).TB 

predominantly classified to pulmonary or extrapulmonary TB according to infected location within host body. Clinically, TB 

ranges from asymptomatic and non-transmissible latent TB infection (LTBI) to highly active, transmissible TB disease (2)  .   

According to WHO report, in 2024, an estimated 10.7 million were infected with TB and 1.23 million died, Iraq is currently 

classified as a low-burden country, with approximately 9,800 TB cases in 2024. Iraq has had a dramatic decline in TB incidence, 

from 45 cases per 100,000 population in 2013 to 23 cases per 100,000 population in 2023 reflecting the effectiveness of its TB 

control strategies (3) .  
Immunologically, majority of individuals exposed to the bacteria becomes infected but the progression to disease is prevented 

because of the effective immune response. Upon infection, alveolar macrophages and epithelial cells are the first lung cells that 

encounter the pathogen and produce antimicrobial peptides (AMPs). Also, infected macrophages initiate a strong inflammatory 

response characterized by the secretion of pro-inflammatory cytokine such as (INF-γ) which is a key protective cytokine in 

tuberculosis, primarily produced by activated type 1 helper T cells (Th1), natural killer (NK) and CD8+ T cells. However, 
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excessive immune response is reduced through several mechanisms like IL-10 production cells, and CD8+ T cells. However, 

excessive immune response is reduced through several mechanisms like IL-10 production (4)  

AMPs offer several advantages in the context of TB which represents a critical element of the innate immune system because 

of their extensive antibacterial efficacy (5). AMPs exhibit significant activity against MTB through multiple mechanisms, 

including disrupting the bacterial membrane by forming pores or micelle-like structures (direct killing), inhibiting nucleic acid 

and protein synthesis, and interfering with cell wall synthesis (indirect killing). In addition, immunomodulatory, anti-

inflammatory, and wound-healing properties, which may contribute to enhancing their therapeutic potential (6). Based on their 

structure and cellular origin, AMP could be classified into two main groups: alpha and beta defensins (7). α-defensin peptides 

are primarily produced and stored in the azurophilic granules of neutrophils  (8). β-defensin peptides primarily expressed by 

epithelial cells lining mucosal surface and play a synergistic role together in protecting the body from respiratory pathogens, 

including MTB (9) .  

Several previous studies had investigated the level of certain cytokines and AMPs in PTB patients (Vivekanandan et al., 2023, 

Mohammed et al.,2026, Kumar et al.,2017 and Ali et al.,2021)(10–13). However, limited information regarding the balance 

between cytokines secreted from (Th1/Th2) cells and their correlation with AMPs in PTB patients. Thus, study aim to 

Investigate cytokines (IL10 and INF γ) and AMPs (HNP1-3 and HBD3) levels in PTB patients (active and treated) compare 

with apparently healthy subjects and their correlation with the disease severity and sputum smear grade.  
2. MATERIALS AND METHODS 

2.1 Subjects and sample collection  

Sixty patients with PTB (Classified as 30 with Active PTB and 30 undertreatment PTB patient) compared to 30 apparently 

healthy subjects were enrolled in this case-control study. This study was conducted at “Chest and Respiratory illnesses centre 

of Kerbala governorate, Iraq” over the period from December 2025 to March 2026. Blood samples were collected from each 

patient. Circulating levels of INF γ, IL10, HNP1–3 and HBD3 was measured using ELISA technique. 
2.2 Diagnosis  

Medical history, clinical symptoms, radiographic chest X-rays microbiological (sputum smear microscopy), molecular diagnosis 

using the GeneXpert device was applied to confirm PTB diagnosis. It is carried out by physician for individuals who have had 

chest symptoms, like a cough, for more than two to three weeks before to starting treatment for newly diagnosed active PTB. 

Blood samples were collected from patients at different stages of anti-tuberculosis treatment, including patients who had 

received treatment for less than two months and those who had received treatment for more than two months. Blood samples 

were also collected from newly diagnosed active PTB patients immediately after tuberculosis was confirmed and before 

initiation of anti-tuberculosis treatment. For microbiological diagnoses, Ziehl-Nielsen (ZN) technique was used to perform a 

direct microscope examination of two sputum samples (morning and evening) using acid fast bacilli (AFB). The sputum smear 

grading criteria for TB diagnosis were reviewed by laboratory scientists/technicians in accordance with the guidelines provided 

by (European Center for Disease Prevention and Control.2018). AFS was done for all patients before starting treatment. AFB 

grades were classified as positive AFB if they were +1, +2, or +3, and negative AFB if there were no bacilli in the AFB.  Medical 

information regarding each patient was provided from the healthcare institute.  

2.3 Laboratory Measurements: Five millimetres of venous blood was drawn from each participant in this study by using a 

single use syringe. Serum levels were measured using a commercial enzyme –linked immunosorbent assay (ELISA) kit. As 

directed by the manufacturers (Elabscience@ kits-USA) for IL10, INF-γ, HNP1-3 and (Sun long Biotech kit-China) for HBD3, 

serum was separated by centrifugation for 20 minutes at 2000 rpm. Catalog number: (E-EL-H6154, H0108, H2299 and 

QS3279Hu), Sensitivity (0.94pg/ml, 9.38pg/ml, 0.38ng/ml, 0.1ng/L), detection range (1.56-100pg/ml, 15.63-1000pg/ml, 0.63-

40ng/ml, 2-50ng/L), for IL10, INF-γ, HNP1-3 and HBD3, respectively. The standard sample serial dilution procedure is 

followed by the preparation of a working solution. IL10 (50, 25, 12.5, 6.25, 3.13, 1.56, and 0 pg/ml), INF-γ (500, 250, 125, 62.5, 

31.25, 250, 125, 62.5, 31.25, 15.63, and 0 pg/ml), HNP1-3 (20, 10, 5, 2.5, 1.25, 0.63, and 0 ng/mL) and HBD3 

(48.0,32.0,16.0,8.0,4.0 ng/L). The ELISA assay was performed as a single measurement. Intra- and inter-assay of CV for IL10, 

INF-γ, and HNP1-3 and were <10%. Whereas for HBD3 Intra-assay (<10%) and inter-assay (<12%). 
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2.4 Determination of PTB severity score (PTBSS): PTBSS designed based on previously published proposals for PTB 

disease spectrum(15) . Calculated PTBSS according to five important variables: presence of symptoms, cavitation detected on 

chest X-ray, bilaterial lung involvement in chest X-ray, sputum smear AFS and GeneXpert results. Depending on the score 

obtained from 0 to 6 points: 0-1,2-3, and 4-5 were classified as mild, moderate, sever, respectively. 

2.5 Inclusion criteria and Exclusion criteria  

2.5.1 Inclusion criteria:  

1. Clinically newly diagnosed patients with active PTB and those under anti-TB therapy  

2. Aged above 18 years from both sexes. 

3. PTB patients were drug sensitive and resistance, however, most of them were DR-TB.  

2.5.2 Exclusion criteria:  

1. Individuals aged less than 18 years,  

2. Patients with extrapulmonary TB. 

3. Chronic disease (Diabetic mellitus, Hypertension patients, cardiovascular diseases) HIV-infection, cancers, any 

respiratory system problems. 

4. Pregnant women.  

2.6 Statistical analysis: The Statistical Package for the Social Sciences (SPSS) (version 27 software, IBM Corp., NY, USA) 

was used to analyze the data. Frequency, mean, and standard Error were determined using descriptive statistics. Test of 

normality was performed to test the normal distribution of continuous variable using Kolmogorov-Smimov and Shapiro-Wilk 

statistic. Non-parametric test was used to compare the study groups and determine the presence of significant difference using 

Mann-Whitney U test and Kruskal Wallis Test in case of comparison between two groups and three subgroups, respectively. 

P-value ≤ 0.05 is regarded as significant difference.  

3. RESULTS AND DISCUSSION 

3.1 Results  

Sixty PTB patients were enrolled in this study compared to thirty healthy subjects. there were no significant differences 

according to sex and age, 31(64.6%) of patients were male and 29 (69.0 %) were female whereas 17(35.4%) and 13(31.0%) 

males and females were in healthy subject. Mean age was divided into subgroups 32(65.3%) were ≤ 40 years and were 28 

(70.0%) >40 years among PTB patient, as shown in Table 1. 

Table (1): Demographic data between patients and healthy. 

 

 

                  

Significant higher level of IL-10 was found in undertreatment group followed by active PTB patients, whereas, IFN-γ mean 

level showed opposite pattern. Significant higher concentration of HNP1-3 in both patient groups in comparison to healthy, 

whereas, non-significant lower mean of HBD3 was observed in active PTB patients, as shown in Table 2.  

 

 PTB patients Heathy 

p-value  
Kruskal Wallis Test 

 

Sex 

Male 31 (64.6%) 17 (35.4%)  

0.654 

 

Female 
29 (69.0%) 13 (31.0%) 

 

Age 

≤40 years 32 (65.3%) 17 (34.7%)  

0.638 

 

>40 years 28 (70.0%) 12 (30.0%) 
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Table (2): Comparisons of cytokines and antimicrobial peptides according to study groups 

*Significance level at 0.05. IQR; Interquartile Range.SE; Standard Error.  

Nonsignificant decrease in the mean of IL10 concentration was seen with increase severity of TB and Non-significant higher 

mean of IFN γ and HBD3 were found in moderate severity of TB cases, whereas, HNP1-3 tend to increase non-significantly 

from mild to severe cases, as shown in Table 3. 

Table (3): comparisons of cytokines and antimicrobial peptides according to disease severity. 

IQR; Interquartile Range.SE; Standard Error.  

Lower significant IL-10 mean was found in +3 grade. However, non-significant lower mean was observed for HBD-3 in +3 

grade, whereas, non-significant lowest mean of IFN-γ and HNP1-3 was seen in +2 grade. as shown in Table 4.  

 

 

 

Active PTB Undertreatment  Healthy  

p-value 

Kruskal Wallis 

Test 

 

Mean Rank 

Mean± SE 

 

Medium 

(IQR) 

 

Mean Rank 

Mean± SE 

 

 

Medium 

(IQR) 

Mean Rank 

Mean± SE 

 

 

Medium 

(IQR) 

 

IL10    

)pg/ml   (  

51.87 

(0.04±0.005) 

0.04 (0.03) 56.37  

(0.06±0.01) 

0.04 (0.06) 28.27 

(0.05±0.03) 

0.02 (0.02) 
0.001* 

INF γ 

)pg/ml   (  

57.58 

(68.10±17.85) 

0.90 

(125.56) 

50.73 

(51.07±17.10) 

0.04 

(90.41) 

28.18 

(7.74±7.78) 

-0.12 

(0.140) 0.001* 

HNP1-3 

(ng/ml) 

64.93 (1.62±0.02) 1.62 (0.11) 46.35  

(1.48±0.03) 

1.50 (0.20) 25.22 

(1.22±0.07) 

1.33 (0.30) 
0.001* 

HBD3 

(ng/L) 

43.32 

(0.84±0.32) 

0.30 (0.60) 49.47 

(0.89±0.24) 

0.43 (0.45) 43.72 

(1.02±0.38) 

0.38 (0.30) 
0.59 

 

 

Mild  Moderate  Sever 

p-value Kruskal 

Wallis Test)                          

 

Mean Rank 

Mean± SE 

 

Medium 

(IQR) 

 

Mean Rank 

Mean± SE 

 

Medium 

(IQR) 

 

Mean Rank 

Mean± SE 

 

Medium 

(IQR) 

 

IL 10  
(pg/ml  (  

36.67 

(0.07 ±0.01) 

0.07 (0.06) 33.03 

(0.05 ±0.00) 

0.05  

(0.03) 

24.24 

(0.04 ±0.00) 

0.03 (0.02) 
0.10 

INF γ 

)pg/ml  (  

25.89 

(50.04±42.04) 

-0.02 

(35.07) 

31.97 

(66.63±18.32) 

0.13 

(121.62) 

30.38 

(53.61±16.67) 

0.125 

(117.16) 0.65 

HNP1-3 
(ng/ml) 

30.94 

(1.50±0.08) 

1.54 (0.23) 29.68 (1.55±0.03) 1.58  

(0.19) 

31.48 (1.55±0.03) 1.59 (0.16) 
0.93 

HBD3 
(ng/L) 

31.56 

(0.68±0.21) 

0.43 

(0.70) 

31.68 (1.17±0.39) 0.44  

(0.47) 

28.36 (0.51±0.07) 0.34 (0.49) 
0.78 
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Table (4): comparisons of cytokines and antimicrobial peptides according to smear findings. 

*Significance level at 0.05. IQR; Interquartile Range.SE; Standard Error. 

Regarding correlation among parameters, significant correlation between IFN-γ and HNP1-3 was observed, as shown in Table 

5. HNP1-3 value had the highest discriminatory power in discrimination of PTB patients and healthy individuals, followed by 

IL10 and INF- γ. The HBD3 had poor prognostic ability, as shown in Figure 1. 

Table (5): Correlations among the tested parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mean Rank 

Mean ± Standard Error (SE) 

Variable IL10 Mediu

m 

(IQR) 

INF-γ Mediu

m 

(IQR) 

HNP1-3 Mediu

m 

(IQR) 

HBD3 Mediu

m 

(IQR) 

Direct 

Examinatio

n 

 

Negativ

e  

33.18 

(0.08±0.01) 

0.05 

0.07 

29.21 

(91.55±27.5

0) 

0.13 

184.19 

25.71 

(1.55±0.0

3) 

1.53 

0.18 

29.24 

(1.34±0.5

7) 

0.43 

0.65 

⁺1 

21.79 

(0.04±0.00

7) 

0.03 

0.04 

22.21 

(29.78±10.8

9) 

-0.02 

60.52 

27.40 

(1.55±0.0

3) 

1.59 

0.23 

21.40 

(0.65±0.2

1) 

0.30 

0.39 

⁺2 

26.57 

(0.05±0.01) 

0.04 

0.11 

26.64 

(27.92±21.0

0) 

0.12 

27.17 

22.71 

(1.51±0.0

4) 

1.54 

0.13 

35.14 

(0.87±0.2

0) 

0.72 

0.87 

⁺3 

13.00 

(0.02±0.00

6) 

0.02 

0.02 

29.50 

(70.69±50.8

7) 

33.54 

178.63 

25.75 

 (1.54 

±0.06) 

1.58 

0.24 

18.75 

(0.32±0.0

5) 

0.30 

0.20 

P-value Kruskal Wallis 

Test 

0.02*  0.47  0.91  0.08*  

 IL10 INF-γ HNP13 HBD3 

IL10 Pearson Correlation 1 .002 -.077 -.019 

Sig. (2-tailed)  .983 .469 .858 

N  90 90 90 

INF-γ Pearson Correlation  1 .236* 0.092 

Sig. (2-tailed)   .025 0.386 

N   90 90 

HNP1-3 Pearson Correlation   1 .062 

Sig. (2-tailed)    .564 

N    90 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Figure (1): ROC curve showed sensitivity and specificity for IL10, INF-γ, HNP1-3 and HBD3 levels. 

3.2 DISCUSSION  
According to sex and age, PTB were more frequent in males than females and more frequent in patients who were under 40 

years of age, Table (1). WHO reported that PTB can affect anyone, regardless of age or sex(3)  . 

The tested cytokines, IL-10 and IFN-γ had a higher level in PTB patients compared to healthy, In addition IL10 increased after 

initiation of anti-TB treatment in undertreatment group followed by positive new cases as shown in Table (2), Similar findings 

conducted by Vivekanandan et al.,(13) it has been reported IL10 production regulates one of the most important mechanisms 

in protecting the over immune response and tissue damage thus , IL-10 as Th2 regulatory cytokine, sequential increase during 

treatment may be reflect its role in regulatory scar formation there by pulmonary fibrosis prevention which is represent a 

complication of tuberculosis (16).  

Regarding IFN-γ similar findings to Hussain et al., (12) .The concept of elevation IFN-γ levels reflects strong immune 

stimulation due to mycobacterial activity rather than protective immunity alone (17) .A previous study reported that healing 

effect on granuloma is associated with reduced number of local and circulating IFN-γ producing activated T cells which reflect 

the negative association of IFN-γ and anti-TB therapy (18) . Thus, these findings support that IFN-γ could be used as a reliable 

biomarker for active TB diagnosis in clinical practice, particularly in high-burden settings and monitoring of anti-TB treatment 

e(19) . 

Regarding AMPs, Higher HNP1-3 levels in PTB patient, as shown in Table (2). similar to Kumar et al., findings (11) . It was 

reported previously that HNP1-3 play important role in pathogenesis of PTB and that low levels of HNP1–3 and neutrophiles 

have been associated with the development of multidrug-resistant TB (20) .It was documented HNP1-3 released during the 

early phases of antibacterial defence, plays an important role in initially limiting intracellular infectious agents. In later stages, it 

does so indirectly by modulating the secretion of anti-inflammatory and pro-inflammatory cytokines current results agreed with 

the dynamics changes of AMPs during TB infections (21,22) . Also, reported HNP1-3 has the ability to inhibit the growth of 

MTB in many in vitro and in vivo models. It is shown to decrease the intracellular load of MTB by more than 90% in 

macrophages infected with this organism in a laboratory setting. Decreased HNP1-3 reflects successful treatment supporting 

the hypothesis stated that successful treatment of tuberculosis may results in a trend towards normalization of circulating AMPs 

in PTB (11) .  

Variables     AUC 

IL10 0.787  

INF γ 0.772  

HNP1-3 0.838  

HBD3 0.530 
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limited information about the role of HBD3 in TB pathogenesis, (23). Regarding decrease HBD3 in active patients compared 

healthy was report by Ali et al., may suggest its association with progression of TB in infected patients (10). Also, it was 

documented that exposure to air pollution particulate can cause deregulation of alveolar type II epithelial cells to express HBD3 

when infected with MTB which was associated with increased intracellular growth of the bacteria (24) . 

It has been found previously that lower IL-10 level is non-significantly associated with increase TB severity, thus, appropriate 

IL-10 activation is critical in maintaining a balance with IFN and in regulating outcome of TB.  Mechanism of disease 

progression may be due to less effective balance of IL-10 in the presence of elevated proinflammatory chemokines, this would 

exacerbate increased disease related pathology in the host, rather than provide an appropriate signal for host T cell and 

macrophage activation (25) .  

Mohammed et al., reported that INF-γ in TB can correlate with clinical severity and increase bacillary load due to its increase 

between mild and severe cases indicating intensified Th1-mediated immune activation with advancing disease. Thus, an increase 

in Th1 immune stimulation induced by the continued stimulation of mycobacterial antigen and thereby leading to an increase 

in effective host defense as well as increase in severity of inflammation (26).  

Regarding severity results Kumar et al.,  found no association between HNP1-3 and severity of disease (27) . This might be 

related to the source of these AMP or their site of production. However, it is reported that alpha defensins concentration may 

be a useful marker of disease severity and deterioration of pulmonary function(28) . It is demonstrated that the level of defensins 

expression is influenced by tissue damage and endogenous factors such as degree of maturity of the immune system 

microenvironment, and total regulatory effects on the target cell not only on properties of an individual peptide (29)  

the study found that there was an initial rapid expression of HBD-3 by respiratory epithelium during progressive infection that 

correlate with temporary control of bacterial proliferation, whereas, the HBD-3 expression was decreased during later 

progressive phase. In latent infection, HBD-1 was expressed continuously, but it was suppressed after reactivation of the disease 

(24)  

The lower IL-10 level takes longer time to conversion (estimated time is 96 days),
 
Thus, IL10 considered as a marker of the 

immune response of Th1 to MTB infection (30). In contrast to current study, Kumar et al., found that INF-γ exhibit positive 

association with smear grades. INF-γ is a proinflammatory cytokine and its elevation represent a hallmark of PTB disease (37).  
Regarding HNP1-3, previous study found that HNP1-3 concentration was negatively correlated with the duration of MTB in 

sputum, while it was positively correlated with neutrophils suggesting higher HNP1-3 are associated with more pathogen 

clearance (20). It was documented that during the early phase of infection in murine model (which represent the time of efficient 

control of bacillary growth), there was high production of beta defensins. In contrast, during the progressive phase, there was 

a striking decrease in the production of defensins, which again suggests that these antimicrobial peptides participate in the arrest 

of bacillary growth (32,33). This study might possibly reflect the importance of the tested biomarker in bacterial clearance since 

there were approximately gradual decrease in their mean of concentration within +2 and +3 grade. Larger study with larger 

sample size is required (prior and after treatment) to assess their association precisely.  

Regarding correlation among parameters, Positive non-significant correlation between IL10 and INF-γ was documented by 

Guimarães et al., it is demonstrated an equilibrium in the levels of cytokines produced by the Th1 (IFN-γ) and Th2 (IL10) 

lymphocyte in patients to still able to maintain the stability between the disease and the immune response(34). Negative non-

significant correlation between IL10 and HNP1-3 may reflect immune modulation by AMPs. It has been documented that 

HNP1-3 increases the production of pro-inflammatory cytokines while decreasing the production of anti-inflammatory 

cytokines (IL-10) by monocytes (35). 
Positive significant correlation between IFN-γ and HNP1-3 may reflect immune modulation by AMPs. It has been documented 

that HNP1-3 increases the production of pro-inflammatory cytokines (35). Moreover, at the infection site, neutrophils arrive 

and release HNP1-3 leading to macrophages activation, which subsequently secrete proinflammatory cytokines thereby 

improving phagocytosis (9) . Additionally, HBDs are mainly expressed by epithelial cells which enhance mycobactericidal 

activity. It is expression in response to the induction by pro-inflammatory cytokines and has demonstrated mycobactericidal 

activity in infected macrophages (36). 

https://www.sciencedirect.com/topics/immunology-and-microbiology/lung-function
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Positive nonsignificant correlation was observed in current study between HNP1-3 and HBD-3. Although different cellular 

sources and regulatory pathways have been implicated in the expression of AMPs during TB infection, HNP1-3 is 

predominantly released by activated macrophage while HBD-3 induced from epithelial cells in response to inflammatory 

cytokines and microbial stimulation (37) .  

This study showed higher discriminatory power for HNP1-3, Figure (1).  A Study conducted by Kathamuthu et al., showed 

that plasma levels of HNP1-3 had good diagnostic values in discriminating individuals with tuberculosis lymphadenitis from 

latent tuberculosis and healthy individuals (38). In addition, Mohammed et al., showed that IFN-γ had a diagnostic value in 

PTB patients (12) . Mensah et al., showed that IL10 had effective diagnostic performance and known for its immunoregulatory 

effect as an anti-inflammatory cytokine that inhibits the actions of pro-inflammatory cytokines (39,40). Ali et al., documented 

good diagnostic value (AUC for HBD 3=0.77)(10) . Differences in the results of ROC analysis among the latter studies and the 

current study could be attributed to the differences in the used ELISA kits and differences in number of patients enrolled in 

each study. 
4. LIMINITATIONS  

Relatively small sample size within each PTB subgroups (30) represents a limitation of the present study. case-control study 

design limits the ability to establish temporal or causal relationships between the investigated biomarkers and disease 

progression or bacterial burden. In addition, potential confounding factors and heterogeneity in treatment regimens may have 

influenced the observed biomarker levels. Therefore, larger longitudinal studies, including assessments prior and after anti-

tuberculosis treatment, are needed to validate these findings and to determine whether IL-10, IFN-γ, HNP1–3, and HBD3 may 

have potential clinical diagnostic or prognostic applications.  

5. CONCLUSION 

Significant higher level of IL-10 was found in undertreatment group followed by active PTB patients, whereas, IFN-γ mean 

level showed opposite pattern. Significant higher concentration of HNP1-3 in both patient groups in comparison to healthy, 

whereas, non-significant lower mean of HBD3 was observed in active PTB patients. Decrease IL10 with increase TB severity, 

higher mean of IFN γ and HBD3 were found in moderate severity cases, whereas, HNP1-3 tend to increase from mild to severe 

cases. Lower mean levels interleukin HBD3 mean was found in +3 grade., whereas, lowest mean of IFN-γ and HNP1-3 was 

seen in +2 grade. ROC analysis showed that HNP1-3 had higher discriminatory power. This study might possibly reflect the 

importance of the tested biomarker in pathogenesis of TB and bacterial clearance. 

CONFLICT OF INTEREST 

The authors declare that there is no conflict of interest. 

ETHICS STATEMENT 

The protocol for this study was approved by the Ethics Committee of Applied Medical  Sciences, Department of Clinical 

Laboratories /University of Karbala. 

DATA AVAILABILITY STATEMENT 

Data supporting the findings of this study are available from the corresponding author upon reasonable request. 

REFERENCES 

[1] World Health Organization. Global tuberculosis report. 2024 

[2] Acharya B, Acharya A, Gautam S, Ghimire SP, Mishra G, Parajuli N, et al. Advances in diagnosis of Tuberculosis: an 

update into molecular diagnosis of Mycobacterium tuberculosis. Mol Biol Rep. 2020 May 4;47(5):4065–75. 

doi:10.1007/s11033-020-05413-7 

[3] World Health Organization. Global tuberculosis report. 2025 

[4] Tanko N., Aliyu, Nasiru, B. B Sadiq, Maryam S., Jamila N. U1, Babayo A1, Mansur B. S. (2022). Evaluation of Interleukin 

10 Levels among Pulmonary Tuberculosis Patients Attending Aminu Kano Teaching Hospital, Kano. Saudi Journal of 

Pathology and Microbiology. 2022 Mar 17;7(3):128–37. doi:10.36348/sjpm.2022.v07i03.009 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

279 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

[5] Bin Hafeez A, Jiang X, Bergen PJ, Zhu Y. Antimicrobial Peptides: An Update on Classifications and Databases. Int J 

Mol Sci. 2021 Oct 28;22(21):11691. doi:10.3390/ijms222111691 

[6] Obaid B, Al-Ganahi S. Next-generation antimicrobial peptides: Emerging therapeutic strategies against Mycobacterium 

tuberculosis. Journal of Microbiology and Infectious Diseases. 2025;15(3):107. doi:10.5455/jmid.2025.v15.i3.4 

[7] Kaur G, Trivedi P. Strategic Defenders: Antimicrobial Peptides and Their Impact on the Innate Immunity. In: Evolution 

of Antimicrobial Peptides. Cham: Springer Nature Switzerland; 2024. p. 221–73. doi:10.1007/978-3-031-67515-7_9 

[8] Brice DC, Diamond G. Antiviral Activities of Human Host Defense Peptides. Curr Med Chem. 2020 Mar 

27;27(9):1420–43. doi:10.2174/0929867326666190805151654 

[9] Johnstone KF, Herzberg MC. Antimicrobial peptides: Defending the mucosal epithelial barrier. Frontiers in Oral Health. 

2022 Aug 1;3. doi:10.3389/froh.2022.958480 

[10] Ali ZA, Mankhi AA, Ad’hiah AH. Significance of the chemokine CXCL10 and human beta-defensin-3 as biomarkers 

of pulmonary tuberculosis. Tuberculosis. 2021 May 1;128. doi:10.1016/j.tube.2021.102078 PubMed PMID: 33773403. 

[11] Kumar NP, Moideen K, Viswanathan V, Sivakumar S, Menon PA, Kornfeld H, et al. Heightened circulating levels of 

antimicrobial peptides in tuberculosis — Diabetes comorbidity and reversal upon treatment. PLoS One. 2017 Sep 

1;12(9). doi:10.1371/journal.pone.0184753 PubMed PMID: 28910369. 

[12] Mohammed NJ, Ali RKJ, Mohammed MJ, Mohammad SQ, Mohsein OA. Role of interferon-gamma and interleukin-

17 in the immune response to pulmonary tuberculosis. Regul Mech Biosyst. 2026 May 12;17(2). doi:10.15421/0226038 

[13] Vivekanandan MM, Adankwah E, Aniagyei W, Acheampong I, Yeboah A, Arthur JF, et al. Plasma cytokine levels 

characterize disease pathogenesis and treatment response in tuberculosis patients. Infection. 2023 Feb 1;51(1):169–79. 

doi:10.1007/s15010-022-01870-3 PubMed PMID: 35759173. 

[14] Handbook on tuberculosis laboratory diagnostic methods in the European Union. doi:10.2900/8334202 

[15] Ko Y, Park JS, Min J, Kim HW, Koo HK, Oh JY, et al. Timely Pulmonary Tuberculosis Diagnosis Based on the 

Epidemiological Disease Spectrum: Population-Based Prospective Cohort Study in the Republic of Korea. JMIR Public 

Health Surveill. 2024 Apr 1;10:e47422. doi:10.2196/47422 

[16] Namaei MH, Mortazavi-Moghaddam SG, Eslami-Manoochehri R, Zardast M. The role of Interleukin-10 and 13 in 

tuberculosis-associated pulmonary dysfunction. Caspian J Intern Med. 2019;10(2):223–7. doi:10.22088/cjim.10.2.223 

PubMed PMID: 31363402. 

[17] Li G, Yang F, He X, Liu Z, Pi J, Zhu Y, et al. Anti-tuberculosis (TB) chemotherapy dynamically rescues Th1 and CD8+ 

T effector levels in Han Chinese pulmonary TB patients. Microbes Infect. 2020 Apr 1;22(3):119–26. 

doi:10.1016/j.micinf.2019.10.001 PubMed PMID: 31678658. 

[18] Hussain S, Afzal N, Javaid K, Ikram Ullah M, Ahmad T (2009). Level of Interferon Gamma in the Blood of Tuberculosis 

Patients. 

[19] Chitrakumar A, Shanmuganathan A, Sam J, Shruthi S, Shandya M (2025). Journal of Chemical Health Risks Maternal 

Health, Maternal Near Miss, Obstetric Morbidity, Tertiary Care, WHO Criteria for Near Miss [Internet]. Available from: 

www.jchr.org 

[20] Zhu LM, Liu CH, Chen P, Dai AG, Li CX, Xiao K, et al. Multidrug-resistant tuberculosis is associated with low plasma 

concentrations of human neutrophil peptides 1-3. Int J Tuberc Lung Dis. 2011 Mar;15(3):369–74. PubMed PMID: 

21333105. 

[21] Obaid B, Al-Ganahi S. Next-generation antimicrobial peptides: Emerging therapeutic strategies against Mycobacterium 

tuberculosis. Journal of Microbiology and Infectious Diseases. 2025;15(3):107. doi:10.5455/jmid.2025.v15.i3.4 

[22] Depta J, Małkowska P, Wysokińska M, Todorska K, Sierawska O, Hrynkiewicz R, et al. Therapeutic Role of 

Antimicrobial Peptides in Diabetes Mellitus. Biologics. Multidisciplinary Digital Publishing Institute (MDPI); 2022. p. 

92–106. doi:10.3390/biologics2010008 

[23] Bongiovanni B, Marín-Luevano S, D’Attilio L, Díaz A, Fernández R del V, Santucci N, et al. Evidence that changes in 

antimicrobial peptides during tuberculosis are related to disease severity, clinical presentation, specific therapy and levels 

of immune-endocrine mediators. Cytokine. 2020 Feb;126:154913. doi:10.1016/j.cyto.2019.154913 

[24] Rivas-Santiago B, Sada E, Tsutsumi V, Aguilar-León D, Contreras JL, Herná Ndez-Pando R. b-Defensin Gene 

Expression during the Course of Experimental Tuberculosis Infection. 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

280 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

[25] Hasan Z, Jamil B, Khan J, Ali R, Khan MA, Nasir N, et al. Relationship between circulating levels of IFN-γ, IL-10, 

CXCL9 and CCL2 in pulmonary and extrapulmonary tuberculosis is dependent on disease severity. Scand J Immunol. 

2009 Mar;69(3):259–67. doi:10.1111/j.1365-3083.2008.02217.x PubMed PMID: 19281538. 

[26] Mohammed NJ, Ali RKJ, Mohammed MJ, Mohammad SQ, Mohsein OA. Role of interferon-gamma and interleukin-

17 in the immune response to pulmonary tuberculosis. Regul Mech Biosyst. 2026 May 12;17(2). doi:10.15421/0226038 

[27] Kumar NP, Moideen K, Viswanathan V, Sivakumar S, Menon PA, Kornfeld H, et al. Heightened circulating levels of 

antimicrobial peptides in tuberculosis — Diabetes comorbidity and reversal upon treatment. PLoS One. 2017 Sep 

1;12(9). doi:10.1371/journal.pone.0184753 PubMed PMID: 28910369. 

[28] Ashitani J ichi, Mukae H, Hiratsuka T, Nakazato M, Kumamoto K, Matsukura S. Elevated Levels of α-Defensins in 

Plasma and BAL Fluid of Patients With Active Pulmonary Tuberculosis. Chest. 2002 Feb;121(2):519–26. 

doi:10.1378/chest.121.2.519 

[29] Guryanova S V., Ovchinnikova T V. Immunomodulatory and Allergenic Properties of Antimicrobial Peptides. 

International Journal of Molecular Sciences. MDPI; 2022. doi:10.3390/ijms23052499 PubMed PMID: 35269641. 

[30] Djaharuddin I, Iskandar H, Tabri NA. Relationship of Interleukin (IL-10) Level to Sputum Conversion and Influence 

Factors in Drug-Resistant Tuberculosis. International Journal of Research and Review. 2024 Dec 11;11(12):188–93. 

doi:10.52403/ijrr.20241222 

[31] Kumar NP, Moideen K, Banurekha V V., Nair D, Babu S. Plasma proinflammatory cytokines are markers of disease 

severity and bacterial burden in pulmonary tuberculosis. Open Forum Infect Dis. 2019 Jun 5;6(7). 

doi:10.1093/ofid/ofz257 

[32] Hernandez-Pando R, Orozcoe H, Sampieri A, Pavon L, Velasquillo C, Larriva-Sahd J, et al. Correlation between the 

kinetics of Thl/Th2 cells and pathology in a murine model of experimental pulmonary tuberculosis. Immunology. 1996. 

[33] Rivas-Santiago B, Sada E, Tsutsumi V, Aguilar-León D, Contreras JL, Ndez-Pando RH. b-Defensin Gene Expression 

during the Course of Experimental Tuberculosis Infection. 

[34] Guimarães TMPD, de Toledo V de PCP, Abreu MN, Dantas NGT, Spíndola de Miranda S. Evaluation of the Immune 

Response of Individuals Infected with Mycobacterium tuberculosis and Patients with Active Tuberculosis . ISRN 

Immunology. 2012 Jan 11;2012:1–7. doi:10.5402/2012/382189 

[35] Duarte-Mata DI, Salinas-Carmona MC. Antimicrobial peptides´ immune modulation role in intracellular bacterial 

infection. Frontiers in Immunology. Frontiers Media S.A.; 2023. doi:10.3389/fimmu.2023.1119574 PubMed PMID: 

37056758. 

[36] Roque-Borda CA, Vishwakarma SK, Ramirez Delgado OJ, de Souza Rodrigues HL, Primo LMD, Campos IC, et al. 

Peptide-Based Strategies Against Mycobacterium tuberculosis Covering Immunomodulation, Vaccines, Synergistic 

Therapy, and Nanodelivery. Pharmaceuticals. Multidisciplinary Digital Publishing Institute (MDPI); 2025. 

doi:10.3390/ph18101440 

[37] Fu J, Zong X, Jin M, Min J, Wang F, Wang Y. Mechanisms and regulation of defensins in host defense. Signal 

Transduction and Targeted Therapy. Springer Nature; 2023. doi:10.1038/s41392-023-01553-x PubMed PMID: 

37574471. 

[38] Kathamuthu GR, Moideen K, Sridhar R, Baskaran D, Subash Babu. Diminished systemic levels of antimicrobial peptides 

in tuberculous lymphadenitis and their reversal after anti-tuberculosis treatment. Tuberculosis. 2020 May; 122:101934. 

doi: 10.1016/j.tube.2020.101934 

[39] Zhang JM, An J. Cytokines, Inflammation, and Pain. Int Anesthesiol Clin. 2007;45(2):27–37. 

doi:10.1097/AIA.0b013e318034194e 

[40] Mensah GI, Amponsah JA, Alahaman NB, Anim-Baidoo I, Tetteh JKA, Addo KK, et al. Performance of eight serum 

cytokine/chemokine biomarkers in discriminating between active and latent tuberculosis infection in Ghana. Front 

Immunol. 2025 Jun 6;16. doi:10.3389/fimmu.2025.1600712 

 


