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Abstract 

Cell-mediated immunity, which 
involves interactions between T cells, 
macrophages, Interferon-gamma (IFN-γ) and 
Interleukin-17 (IL-17) are essential to the host 
against Mycobacterium tuberculosis (Mtb) 
infection. Understanding the correlation 
between cytokine response and tuberculin skin 
test (TST) in latent tuberculosis (TB) infection 
children with household contact exposure may 
provide insights into immune mechanisms and 
diagnosis tuberculosis. This study was 
conducted at Dr.Soetomo Hospital, Indonesia. 
Children diagnosed with history of closed 
contact TB were performed TST. Serum levels 
of IFN-γ, IL-10, and IL-17 were measured 
using enzyme-linked immunosorbent assay 
(ELISA). Data were analyzed using Mann-
Whitney U test, with statistical significance set 
at p < 0.05. Tuberculin skin test was positive in 
20 (66.67%) children. Mean level serum of 
IFN-γ, IL-17, and IL10were38.04 pg/mL,  
4.96 pg/mL and 6.86 pg/mL.There were 
significant elevated of IFN-γ and IL-10 in 
children with positive TST group.Children with 
TB infection have a complex immunological 
response, as evidenced by their positive TST 
and elevated IFN-γ and IL-10 levels. Cytokine 
profiling could be helpful in differentiating 
between latent or early exposure and active 
disease in pediatric populations. 
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Introduction 
Tuberculosis (TB) remains a 

substantial global health issue caused by the 
bacillus Mycobacterium tuberculosis 
(Mtb)(1,2). Recently, the World Health 
Organization (WHO) declared that 
tuberculosis (TB) has become the foremost 
cause of mortality from a single infectious 
agent, succeeding a three-year period during 
which it was surpassed by coronavirus 
disease (COVID-19). Worldwide, over 10.8 
million individuals contracted tuberculosis. 
There are approximately 1.3 million cases 
among children and young adolescents (aged 
0-14 years), accounting for 12% of the total 
estimated cases (3). 

Upon exposure and infection with 
Mtb, the organism can form an asymptomatic, 
latent infection in the lung or may advance to 
active tuberculosis (4). Household contacts 
are at a heightened risk of contracting TB 
infection from index patients. Infants and 
children are more predisposed to severe 
manifestations of tuberculosis due to an 
underdeveloped immune response (5-
7).Cellular immunity facilitated the host 
immune response against MTB, with 
cytokines and Th1 playing a crucial role. 
Interferon gamma (IFN-γ) and Interleukin-
17(IL-17) are pro-inflammatory cytokines 
implicated in the protective immune response 
to Mycobacterium tuberculosis (MTB) 
infection. Interleukin-10 is an anti-
inflammatory cytokine involved in preventing 
infections within the host organism (8,9). 
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To develop effective methods and 
risk mitigation in regions with a high risk of 
tuberculosis transmission, it is essential to 
delineate the immunopathogenic 
mechanisms. The objective of this study is to 
investigate the inflammatory reactions in 
children who have household contact. 
 
Materials and Methods 

The current study employed a cross-
sectional design and involved children ages 1 
month to 18 years who had close contact with 
an index case of tuberculosis. All children had 
examination and diagnosis by pediatric 
respirologist consultants from the pediatric 
department of Dr.Soetomo Academic General 
Hospital in Surabaya, Indonesia. All children 
had a medical interview, physical 
examination, and diagnostic assessments, 
including chest X-ray, tuberculin skin test 
(TST) and microbiology confirmation. 

The TST or Mantoux test was 
conducted with 2 tuberculin units (TU) of the 
purified protein derivative (PPD) RT23. The 
pediatrician assessed the transversal 
diameter of skin induration after 48 to 72 
hours. A result was deemed affirmative when 
the induration size was ≥10mm. A positive 
TST test indicated latent Mtb infection, while 
a negative TST result signified the absence of 
Mtb infection.  

Prior to sample collection, informed 
consent was obtained from the parents of 
each participant. Peripheral blood 
sampleswere obtained from the children and 
collected in a vacutainer tube. Serum levels 

of IFN-γ, IL-17, and IL-10 were quantified 
using human enzyme-linked immunosorbent 
assay (ELISA) kits in accordance with the 
manufacturer's instructions. Interferon gamma 
and IL-10 were measured using the 
Elabscience® High Sensitivity Human ELISA 
kit, while IL-17 was assessed with the 
Quantikine® High Sensitivity Human ELISA. 
The protocol for this study received approval 
from the Research and Ethical Committee of 
Dr.Seotomo Academic General Hospital, 
Indonesia.For demographic analysis, the 
Fisher’s exact test was completed. For age, 
weight, height, were performed by Mann-
Whitney U test. Statistical analysis was 
performed by SPSS software, version 26.0 
(IBM Corp, New York, NY, USA).  
 
Results 

A total of 30 participants had a mean 
age of 11.7 ± 0.50 years, with 17 (54.8%) 
were female children. The mean body weight 
was 36.8 ± 16.6 kg and the mean height was 
140 ± 22.60 cm. Fifty percent of children were 
diagnosed with tuberculosis, comprising both 
pulmonary tuberculosis (PTB) and 
extrapulmonary tuberculosis (EPTB). The 
tuberculin skin test yielded positive results in 
20 children, representing 66.67% of the 
cohort. The characteristic of subject 
described in (Table 1). 

To investigate variations in cytokine 
responses among children with household 
contact, we assessed cytokine levels in 
plasma (Table 2). This study indicates that 
the mean serum level of IFN-γ is 38.04 

Table 1: Demographic characteristics of subjects 
  Tuberculin test (N=30) p 

Positive (n=20) Negative (n=10) 
 

Age(Years) 12.4 (0.95) 10.30 (1.39) 0.000* 
Sex (%) 

Boy 
Girl 

 
9 (30%) 

11 (36.7%) 

 
4 (13,3%) 
6 (20%) 

 
0.794 

Weight(kg) 35.30(2.98) 39.80 (7.06) 0.000* 
Height(cm) 142.55(4.73) 136.20(8.18) 0.000* 
Nutritional status 

Normal nutrition 
Malnutrition 

 
13 (43.3%) 
7 (23.3%) 

 
10 (33.4%) 

NA 

 
0.033* 

Scar BCG  17 (56.7%) 10 (33.4%) 0.197 
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pg/mL, surpassing the mean levels of IL-17 
and IL-10. The peak concentration of IFN-γ 
was 222.31 pg/mL. 

As depicted in Figure 1, there were 
elevated production of IFN-in children with 
positive TST children compared with negative 
TST children (54.37 pg/mL vs 5.37 pg/mL, p = 
0.004). Significant elevated of IL-10 were 
highlighted in children with positive TST 
compare with children with negative TST 
(8.87 pg/mL vs 2.81 pg/mL, p = 0.048). from 
this study showed elevated IL17 in children 

with positive TST but no significantly statistic 
(6.47 pg/mL vs 1.95 pg/mL, p = 0.218).  
 
Discussion 

Host systemic and pulmonary immunity 
is crucial in tuberculosis pathogenesis by 
regulating the clearance, survival, and 
replication of Mtb (10).Following that, numerous 
pathways of signaling get active, leading to the 
release of cytokines and chemokines 
(11,12).The cytokine response in tuberculosis 
differs from that in other respiratory infections. In 

Table 2: Cytokine inflammatory level plasma in children with household contact TB 
Inflammatory 
cytokine 

Mean 
(pg/mL) 

SD Minimum Maximum 
95% Confidence Interval 

Lower bound Upper bound 
IFN- 38.04 62.71 0.44 222.31 14.62 61.46 
IL-17 4.96 9.42 0.18 51.63 1.45 8.48 
IL-10 6.86 10.17 0.95 51.63 3.05 10.65 

 

 
 
Fig. 1: (A) Inflammatory response of IFN- in children with positive TST; (B)  Inflammatory response 
of IL-17 in children with positive TST; (C) Inflammatory response of IL-10 in children with positive 
TST 
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tuberculosis infection, the response is typically 
extended and inclined towards Th1-type 
responses, characterized by increased levels of 
IFN-γ (13). This study demonstrated higher 
levels of the pro-inflammatory cytokines IFN-γ 
and IL-17 in children with a positive TST. 
Comparable to earlier studies, CD4+ T-cell 
production of IFN-γ and TNF-α was observed in 
children and adults with confirmed TB. Another 
study demonstrated that IFN-γ levels are 
significantly elevated in children with active 
tuberculosis and those in close contact with TB 
patients (14).Conversely, another study shown 
that the production of IFN-γ and IL-17 was 
markedly reduced in children with tuberculosis 
compared to their healthy counterparts (15-16). 
Protective immunity to Mtb relies on Th1, Th17, 
and Treg cells, which mediate both antibacterial 
and pro-inflammatory host defensive 
mechanisms (17). 

This study highlights an increase in 
IL-17 levels in children with a positive TST, 
while the results are not statistically 
significant. Another study demonstrated 
significantly higher levels of IL17A in children 
with confirmed or unconfirmed tuberculosis 
(18). This aligns with recent data indicating 
increased IL-17A production in people with 
active tuberculosis (19). Inflammatory 
cytokines such as IFN-γ, TNF-α, IL-2, and IL-
17A can effectively differentiate proven in 
children within a highly endemic area (18). 
Th1 and Th17 cells are the primary effector 
CD4+ T cells in tuberculosis infection. Key 
Th1-inducing cytokines are IFN-γ and IL-12, 
succeeded by IL-2, TNF-α, and IL-27. 
Interleukin-12 reduces the bacterial load of 
tuberculosis by sustaining IFN-γ production, 
which restricts prolonged bacterial 
proliferation, with their levels regulated by IL-
10 (20-26). 

This study revealed a considerable 
elevation of the anti-inflammatory cytokine IL-
10 in children with a positive TST. Consistent 
with prior research, the inflammatory mediator 
IL-10 is positively correlated with the 
tuberculin test in children with tuberculosis. 
Regulatory T cells and circulating levels of IL-
10 have been proposed to be elevated in 
children with extrapulmonary tuberculosis 

both during the illness and thereafter (21).In 
contrast to another study, the balanced ratio 
of pro- and anti-inflammatory cytokines 
indicated no higher levels of IL-10 in children 
newly diagnosed with tuberculosis (27). 
Interleukin-10 is an immunomodulatory 
cytokine that suppresses cell differentiation. 
Elevated levels of TB have been correlated 
with disease progression and unfavorable 
outcomes (28-30). 

The limitation of this study is based 
on a cross-sectional analysis andsmall 
sample size. It may lack sufficient ability to 
discern differences between the groups, 
hence constraining the generalizability of our 
findings. Future cohort studies with 
substantial sample sizes would enable the 
detailed monitoring of changes in cytokine 
inflammatory plasma levels from a state of 
health to infection and subsequently to 
disease onset. 
 
Conclusion 

In conclusion, cytokine inflammatory 
responses, particularly IFN-γ and IL-10, are 
significantly enhanced in children with a 
positive tuberculin test as a protective 
mechanism against Mtb infection. Serum-
derived immune markers may indicate the 
biological processes linked to the host 
response to Mtb and could aid in diagnosing 
TB in children. 
 

Ethic approval 
This study was approved as ethically 

appropriate by the Research and Ethical 
Committee of Dr.Seotomo Academic General 
Hospital, Indonesia (No. 
0785/KEPK/IX/2023). 
 

Conflicts of interest 
The authors declare they had no 

conflict of interest. 
 

References 
1. Kumar, N.P., Balaji, S.,Devi, P.G., 
Elilarasi, S., Venkataraman, A., Babu, S., et 
al. (224)  Inflammatory cytokine response in 
pediatric tuberculosis with or without SARS-
CoV-2 seropositivity. Journal of 
Infection.89:106314. 



Hapsari et al. 

Current Trends in Biotechnology and Pharmacy                     214 
Vol. 19 (Supplementry Issue 4), Oct-Dec 2025, ISSN 0973-8916 (Print)., 2230-7303 (Online)  
10.5530/ctbp.2025.4s.22 
 

 

2. Comberiati, P., Di Cicco, M., 
Paravati, F., Pelosi, U., Di Gangi, A., Arasi, 
S., et al. (2021). The role of gut and lung 
microbiota in susceptibility to tuberculosis. Int 
J Environ Res Public Health. 18(22). 
3. World Health Organization. 
(2024). Global tuberculosis report. WHO. 
4. Morrow, E., Liu, Q., Kiguli, S., 
Swarbrick, G.,Nsereko, M., Null, M. D., et al. 
(2024) Production of proinflammatory 
cytokines by CD4+ and CD8+ cells in 
response to Mycobacterial antigens among 
children and adults with tuberculosis. 
Pathogens. 12:1353.  
5. Laghari, M.,Sulaiman, S. A. S., 
Khan, A. H., Talpur, B. A., Bhatti, Z., Memon, 
N.(2019). Contact screening and risk factors 
for TB among the household contact of 
children with active TB: A way to find source 
case and new TB cases. BMC Public Health. 
19(1).1274. 
6. Carvalho, I.,Goletti, D., Manga, S., 
Silva, D. R., Manissero, D., Migliori, G.(2018). 
Managing latent tuberculosis infection and 
tuberculosis in children. Pulmonology. 
24(2):106–114. 
7. Chai, Q., Zhang, Y., Liu, C. H. 
(2018). Mycobacterium tuberculosis: An 
adaptable pathogen associated with multiple 
human diseases. Frontiers in Cellular  
and Infection Microbiology. Frontiers Media 
S.A.8. 
8. Hamada, Y.,Glaziou, P., Sismanidis, 
C., Getahun, H.(2019). Prevention of 
tuberculosis in household members: 
estimates of children eligible for treatment. 
Bull World Health Organ.97(8):534-547D. 
9. Daulay, R. S. & Daulay, R. M. 
(2018). Interferon-gamma and interleukin-10 
profile of children with tuberculosis in North 
Sumatra, Indonesia. IOP Conf. 125. 
10. Yang, F., Yang, Y., Chen, L., 
Zhang, Z., Liu, L., Zhang, C., et al. (2022). 
The gut microbiota mediates protective 
immunity against tuberculosis via modulation 
of lncRNA. Gut Microbes. 14(1):2029997. 
11. Gupta, N., Kumar, R., Agrawal, B. 
(2018). New players in immunity to 
tuberculosis: the host microbiome, lung 

epithelium, and innate immune cells. Front. 
Immunol.9:709. 
12. Ghanaie, R. M., Karimi, A., 
Azimi, L., James, S., Nasehi, M., Mishkar, A. 
P., et al. (2021). Diagnosis of latent 
tuberculosis infection among pediatric 
household contacts of Iranian tuberculosis 
cases using tuberculin skin test, IFN- γ 
release assay and IFN-γ-induced protein-10. 
BMC Pediatr.21(1). 
13. Ghadimi, D., De Vrese, M., Heller, K. 
J., Schrezenmeir, J. (2010). Lactic acid 
bacteria enhance autophagic ability of 
mononuclear phagocytes by increasing Th1 
autophagy-promoting cytokine (IFN-g) and 
nitric oxide (NO) levels and reducing Th2 
autophagy-restraining cytokines (IL-4 and IL-
13) in response to mycobacterium 
tuberculosis antigen. Int. Immunopharmacol. 
10, 694–706.  
14. Boskovska, K.,Naceva-Fustic, S., 
Simonovska, L., Dilberovska, M., Dacevski, 
D., Popova, G., et al. (2018). Comparison of 
IFN- levels in children with tuberculosis 
disease (TB) and latent tuberculosis infection 
(LTBI). Macedonian Journal of Medical 
Sciences. 6(11):2091-2096.  
15. Whittaker, E., Nicol, M., Zar, H. 
J.,Kampmann, B. (2017). Regulatory T cells 
and pro-inflammatory responses predominate 
in children with tuberculosis. Front in 
Immunol. 8:448.  
16. Reichler, M. R., Hirsch, C., Yuan, Y., 
Khan, A., Dorman, S. E., Schluger, N., et al. 
(2020). Predictive value of TNF-α, IFN-γ, and 
IL-10 for tuberculosis among recently 
exposed contacts in the United States and 
Canada. BMC Infect Dis. 20(1).  
17. Druszczynska, M.,Seweryn, M., 
Wawrocki, S., Kowalewska-Petrzak, M., 
Pankowska, A., Rudnicka, W.(2021). 
Cytokine biosignature of Active and Latent 
Mycobacterium Tuberculosis Infection in 
Children. Pathogens.10:517.  
18. Kumar, N. P., Hissar, S., 
Thiruvengadam, K., Banurekha, V. V., 
Suresh, N., Shankar, J., et al. (2021). 
Discovery and validation of a three Plasma 
Signature as a biomarker for diagnosis of 



Tuberculosis in an Endemic TB 

Current Trends in Biotechnology and Pharmacy                     215 
Vol. 19 (Supplementry Issue 4), Oct-Dec 2025, ISSN 0973-8916 (Print)., 2230-7303 (Online)  
10.5530/ctbp.2025.4s.22 
 

 

pediatric tuberculosis. Front in Immunol. 
12:653898. 
19. Kumar, N. P.,Moideen, K., Banurekha, 
V. V., Nair, D., Babu, S.(2019). Plasma 
Proinflammatory Cytokines Are Markers of 
Disease Severity and Bacterial Burden in 
Pulmonary Tuberculosis. Open Forum Infect 
Dis. 6:ofz257.  
20. Mendez-Samperio P. (2010). Role of 
interleukin-12 family cytokines in the cellular 
response to mycobacterial disease. 
International Journal of Infectious Diseases. 
14: e366–e371.  
21. De Almeida, A. S., Fiske, C. T., 
Sterling, T. R., Kalams, S.A. (2012). 
Increased frequency of regulatory T cells and 
T lymphocyte activation in persons with 
previously treated extrapulmonary 
tuberculosis. Clin Vaccine Immunol.19:45–52. 
22. Singh, S., Maniakis-Grivas, G., Singh, 
U. K., Asher, R. M., Mauri, F., Elkington, P. 
T., et al. (2018). Interleukin-17 regulates 
matrix metalloproteinase activity in human 
pulmonary tuberculosis. Journal of Pathology. 
244:311-322.  
23. Nogueira, M., Warren, R. B., Torres, T. 
(2020). Risk of tuberculosis reactivation with 
interleukin (IL)-17 and IL-23 inhibitors in 
psoriasis- time for a paradigm change. 
Journal of the European academy of 
dermatology and venerology. 35(4).  
24. Torrado, E.& Cooper, A. M. (2010). IL-
17 and Th17 cells in tuberculosis. Cytokine 
Growth Factor Rev. 21(6):455-462. 

25. Shi, G. C.& Zhang, L. G,. (2015). 
Influence of interleukin-17 gene 
polymorphisms on the development of 
pulmonary tuberculosis. Genetics and 
Molecular Research. 14(3): 8526-8531. 
26. Gopal, R.,Monin, L., Slight, S., Uche, 
U., Blanchard, E., Junecko, B. A. F., et al. 
(2014). Unexpected role for IL-17 in 
protective immunity gainst hypervirulent 
Mycobacterium tuberculosis HN878 Infection. 
Plos Pathogens. 10(5): e1004099. 
27. Raznatovska, O. M.&Mironchuk, Y. V. 
(2017). Cytokine profile in children with newly 
diagnosed tuberculosis. Zaporozhye medical 
journal. 19(5):601-603. 
28. Krivosova, M.,Dohal, M., Masiarova, 
S., Prso, K., Gondas E., Murin, R., et al. 
(2024). Exploring cytokine dynamics in 
tuberculosis: A comparative analysis of 
patients and controls with insights from three-
week antituberculosis intervention. Plos one. 
19(8):e0305158. 
29. Namaei, M. H., Mortazavi-Moghaddam, 
S. G., Eslami-Manoochehri, R., Zardast, M. 
(2019). The role of Interleukin-10 and 13 in 
tuberculosis-associated pulmonary 
dysfunction. Caspian J Intern Med. 
10(2):223–7.  
30. Vivekanandan, M. M.,Adankwah, E., 
Aniagyei, W., Acheampong, I., Yeboah, A., 
Arthur, J. F.,et al. (2023). Plasma cytokine 
levels characterize disease pathogenesis and 
treatment response in tuberculosispatient. 
Infection, 2023. 51:169-179. 

 


