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Introduction: Brucellosis is a zoonotic disease in humans and animals and is a 

worldwide public health problem. Changes in inflammatory cytokines levels 

might be deployed as markers for diagnosing infectious diseases from non-

infectious medical conditions. This study aimed to evaluate the relationship 

between serum levels of interleukin-17 (IL-17) and transforming growth factor-

beta (TGF-β) in pediatric brucellosis. Methods: The present case-control study 

included 40 brucellosis patients and 40 matched healthy controls. Serum levels 

of inflammatory cytokines were measured by ELISA, and the independent 

student t-test was used to compare the levels in the brucellosis and healthy 

group. Serum cytokine levels before and after treatment were compared by the 

paired samples t-test. Results: The serum TGF-β level was significantly lower 

in the patients compared to the control group (90.21 ± 24.44 vs. 125.63 ± 23.28 

pg/mL, P<0.nv001), and the serum interleukin-17 level was significantly higher 

in the case group (83.74 ± 23.57 vs. 25.95 ± 17.80 pg/ml, P<0.001). After 

treatment, serum IL-17 levels significantly decreased in the case group. 

Conclusion: In brucellosis patients, the serum IL-17 levels decreased 

significantly, whereas TGF-β increased significantly in these patients. Hence, 

the serum levels of these inflammatory cytokines can be indicators for 

diagnosing pediatric brucellosis. 

 

INTRODUCTION 

Brucellosis is the most common bacterial zoonotic 

disease worldwide, and it affects more than half a million 

people annually, which causes severe problems in human 

health and imposes enormous costs on the international 

economy [1, 2]. Although this organism is under control 

in many countries, it is still endemic in the Middle East, 

including Iran [3, 4, 5]. The prevalence of brucellosis in 

different provinces of Iran ranges from 0.5% to 10.9%, 

and Brucella melitensis is the dominant species [6, 7]. 

Various methods, such as agglutination, culture, and 

ELISA, are used to diagnose brucellosis. Host immunity 

against Brucella species depends on cellular immunity, 

including active antigen-supplying cells (macrophages 

and dendritic cells) and CD4 and CD8⁺ T lymphocytes 

[3, 9]. Increased Th1 cellular immune response due to 

cytokines such as tumor necrosis factor-alpha (TNF-α), 

interferon-gamma (IFN-γ), and interleukin 12 

(Interleukin; IL-12), which are produced at the onset of 

infection, clear the Brucella bacteria. Activating the Th2 

immune response (interleukins 4, 5, and 13) suppresses 

macrophage function and increases the risk of infection 

[6-8]. 

  Th3 cells stimulate the production of the 

transforming growth factor (TGF-β); this cytokine is an 

anti-inflammatory component secreted by active 

macrophages and T cells [11]. It also suppresses cellular 

immunity at multiple levels and inhibits the function and 

proliferation of lymphocytes [10]. IL-17 induces the 

production of IL-12 and IFN-γ in macrophages, killing 

bacteria. It also regulates Th1-induced immunity and the 

host response to intracellular pathogens. 

 IL-17 plays an important protective role against 

Brucella infection [11]. However, knowledge of the exact 

role of other cytokines in brucellosis is limited. Recently 

introduced cytokines such as IL-17 and TGF-β have 

shown new dimensions of the immune response that may 

address unresolved issues in brucellosis immunology. No 

data about serum levels of IL-17 and TGF-β is available. 
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This study aimed to evaluate the serum levels of IL-17 

and TGF-β in patients with brucellosis before and after 

treatment and to compare it with healthy individuals. 

 

MATERIAL AND METHODS 

This survey is a case-control study. This study was 

performed on 40 brucellosis patients and 40 healthy 

patients referred to the infectious disease clinic of Shahid 

Beheshti Hospital in Kashan in 2020. Patients had clinical 

signs, and Wright, Coombs Wright test titer ≥ 1.80 and a 

2-Mercaptoetanol titer ≥1.40 [12]. The control group was 

selected from healthy and asymptomatic patients. Five ml 

of venous blood was taken from both groups in tubes 

without anticoagulants. The samples were centrifuged for 

15 min at 3500 RPM to separate the serum. Interleukin-

17 and TGF-B were measured by the ELISA method 

using a commercial kit (Arizona, USA) before and after 

the treatment of patients. The obtained data were analyzed 

using SPSS software version 16 (IBM® SPSS® Modeler 

16.0). 

For quantitative variables, mean and standard 

deviation, and for qualitative variables, number and 

percentage were used. The Kolmogorov-Smirnov test was 

used to test the data for following the normal distribution. 

Chi-square and t-tests were used to analyze the data, and 

P>0.05 0.05 was considered a significant level. 

 

RESULTS 

 The present study determined the serum levels of IL-

17 and TGF-B in 40 children (case group) with brucellosis 

before and after treatment and 40 healthy children (control 

group) in Shahid Beheshti Hospital in Kashan.  

 
Table 1. The age range, sex status, number of individuals in each group 

Case Group 

No (%) 
Control group 

No (%) 
Variable 

23 (57.5%) 21 (52.5%) female Sex 
 

 

17 (42.5%) 19 (47.5%) male 
40 (100%) 40 (100%) total 

2.96    ± 12.05 2.49  ± 11.02 Mean of age 

 

In our study, the mean serum level of 83.74 pg/mL for 

IL-17 in the case group was significantly higher than 

25.95 pg/mL in the control group (P <0.001) (Table 1). 

Also, the mean serum level of TGF-β was 90.21 pg/mL 

in the case group and 125.63 pg/mL in the control group, 

which is statistically significant (P <0.001) (Table 2). The 

mean serum level for IL-17 in patients before treatment 

was 83.74 pg/mL, which was reduced significantly to 

45.27 pg /ml after treatment (P <0.001) (Table 3). 

 
Table 2. The mean and standard deviation of serum IL-17 levels in groups before treatment 

P-value* group number mean standard deviation  Variable 

0.001> case 40 83.74 23.57  serum IL-17 

levels 

 

control 
40 25.95 17.80 

* The result of the independent t-test 

 
Table 3. The mean and standard deviation of serum TGF-β levels in both groups before treatment 

value*-P standard 

deviation 

mean number group  variable 

0.001> 24.44 90.21 40 case serum 

 TGF-β 

 

23.28 
125.63 40 control 

* The result of the independent t-test 

 
Table 4. The mean and standard deviation of serum IL-17 levels in patients before and after treatment 

P-value* Standard deviation mean number time variable 

0.001> 23.57 83.74 40 Before treatment serum IL-17  

19.23 45.27 40 After treatment 

* The result of the independent t-test 

 

The mean serum TGF-β level in patients before 

treatment was 90.21 pg/ml, and after treatment increased 

to 106.4. pg/mL, showing no significant difference (P = 

0.24). 
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Table 5. Mean and standard deviation of serum TGF-β level in the case group before and after treatment 
P-value* Standard 

deviation 

mean number time  variable 

0.24    24.44 90.21 40 Before treatment serum 

 TGF-β 
 

18.3 
106.4 40 After treatment 

* The result of the independent t-test 

 

DISCUSSION 

In the present study,  comparing the serum levels of IL-

17 and TGF-β in patients with brucellosis before and after 

treatment with healthy individuals revealed a significantly 

increased IL-17 in the patients (83.74 pg/mL) than the 

control group (25.95 pg/mL). However, the mean serum 

TGF-β level in the patient group has significantly reduced 

(90.21 pg/mL) comparing the control group (125.63 

pg/mL). The serum levels for both cytokines in boys and 

girls among both patients and control groups were not 

statistically significant. The mean serum IL-17 level in the 

patient group was 83.74 pg/ml before and 45.27 pg/ml 

after treatment, showing a statistically significant 

decrease. On the other hand, the mean serum level of 

TGF-β in the case group was 90.21 pg/ml before treatment 

and 106.4 pg/ml after treatment, which was not 

statistically significant. 

Cellular immunity is the body's central defense against 

intracellular organisms such as Brucella. Brucella 

removal and clearance are mediated by increased 

macrophage activity through Th1 cellular immunity. 

Cytokines produced and secreted by various cells in 

response to proinflammatory mediators and bacteria 

during this stimulation play a vital role in the pathogenesis 

of brucellosis [2, 3, 6, 10, 13]. TGF-β is secreted by 

various cell types, such as macrophages, in response to 

tissue damage and is a highly potent immunosuppressive 

cytokine that inhibits the activity of lymphocytes and 

phagocytes and regulates T cell function [11, 13]. 

Brucellosis is common in patients with a haplotype of 

the TGF-β gene mass production [14]. In patients with 

brucellosis, the TGF-β gene producing the haplotype was 

significantly increased [15]. In contrast, the rate of 

moderate and mass-producing TGF-β genotypes was 

significantly lower in these patients [11]. There was no 

significant difference in TGF-β levels between patients 

and controls [16]. These variations may be due to 

epidemiological, ethnic, and geographical differences and 

the study conditions, such as the number of patients. 

Th17 cells provide host immunity against extracellular 

bacteria and fungi. These cells differentiate after contact 

with IL-1, TGF-β, and IL-6 [18]. The primary cytokines 

secreted by Th17 include IL-17, IL-21, and IL-22, which 

act on neutrophils, IgM, and IgA-producing B 

lymphocytes [17]. IL-17 is a proinflammatory cytokine 

with essential functions in infectious diseases, 

autoimmunity, and malignancies [18, 19]. This cytokine 

is also an important link between innate and acquired 

immunity and is essential for inducing the production of 

IFN-γ and IL-12 in macrophages and dendritic cells. IL-

17 activates Th1, which is necessary to control Brucella 

infection [11]. In this study, the IL-17 level was 

significantly higher in brucellosis cases than in controls, 

and after brucellosis treatment, the IL-17 serum levels 

were decreased. A live brucellosis vaccine stimulating the 

Th17 cell response could protect the mucosa against 

Brucella abortus [19]. It showed that rs8193038 and 

rs4711998 genotypes and AAGAA interleukin 17 

haplotypes were the risk factors for brucellosis, while 

rs3819025AA and rs3819024GG genotypes were 

protective factors against the disease [20]. These findings 

suggest that IL-17 may be essential in protecting against 

Brucella infection.  

B. abortus triggers a profibrotic response characterized 

by inhibiting MMP-9 secretion, inducing concomitant 

collagen deposition and TGF-β secretion [21]. TGF-β 

increases in brucellosis [22]. IL-17 secreted by Th17 cells 

plays a critical role in protective immunization against 

brucellosis [23].  

  Quantitative real-time PCR analysis, preceding 

and following antibiotic treatment, revealed the 

inflammation association in the cerebrospinal fluid with 

higher IL-6 and IL-17 expression. These results could 

improve our understanding of inflammation in a 

leptomeningeal and WM involvement related to 

neurobrucellosis for a better diagnosis when clinical, MRI 

data and routine hematological tests are nonspecific [24]. 

A survey on the relationship between genetic variants of 

IL-17 and susceptibility to human brucellosis found a 

strong relationship between IL-17 gene SNPs and 

susceptibility and resistance to this disease. IL-17 has a 

role in immunity [25]. Serum IL-17 titers were higher in 

the brucellosis group than in the control group [5]. 

  One study found that outbreaks or prevalence of 

brucellosis in pastoral areas can be prevented upon 

developing a high-potency vaccine for brucellosis or 

discovering a new method for regulating Th1/Th2 cells 

balance and Treg/Th17 cell balance for brucellosis 

treatment [26]. 

Th17 cells provide the host organisms with additional 

defense against several extracellular and intracellular 

microbial infections and can defend against the invasion 

of Brucella through cooperation with Th1 cells [19]. The 

antibody response to Brucella proteins, mediated by 

interleukin 17 (IL-17) secreted by Th17 cells, plays a 

crucial role in the brucellosis vaccine [27]. One case 

noticed an inflammatory process involving IL-6 and IL-

17 cytokines with an increase of IL-6 and IL-17 in 
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PBMCs and CSF. Th17 responses have been shown to 

contribute to host defense vs. Candida and L. 

monocytogenes, and this Th17 response is favored when 

IL-6 is present in high quantities [28]. 

Our findings indicated that people with these genotypes 

at the listed positions have a greater risk of developing 

brucellosis (337, 88, 25, and 103 times, respectively) 

when exposed to Brucella. More assessments of genetic 

variations and the ability to produce IL-17 in patients with 

brucellosis are recommended [25]. In this study, we 

concluded that the serum level of IL-17 in patients with 

brucellosis increased significantly compared to healthy 

adults, while the serum level of TGF-β decreased not 

significantly. TGF-β is an anti-inflammatory cytokine that 

is secreted by macrophages and T cells and enhances the 

humoral immune response. TGF-β is a cytokine with 

different functions and regulates several pathways in the 

growth and differentiation of many types of cells. It also 

suppresses cellular immunity at multiple levels and 

inhibits the function and proliferation of lymphocytes 

[29]. Therefore, the level of these two cytokines, 

especially interleukin 17, can be used to diagnose 

brucellosis. After treatment, the serum level of IL-17 in 

the patients' group was significantly reduced, but the level 

of TGF-β did not change significantly. Therefore, serum 

levels of these two cytokines may be used as diagnostic 

markers in brucellosis patients. 

 

ACKNOWLEDGMENT 

 The authors thank all the patients involved in the study 

and the staff of Kashan University of Medical Sciences 

and Beheshti Hospital (Kashan, Iran) for the technical 

support of this work.  

 
CONFLICT OF INTEREST 

 The authors declare that no conflicts of interest are 

associated with this manuscript. 

 

REFERENCES 

1. Pappas G, Memish ZA. Brucellosis in the Middle East: a 

persistent medical, socioeconomic and political issue. J Chemo. 

2007; 19 (3): 243-8. 

2. Ahmed K, Al-Matrouk KA, Martinez G, Oishi K, Rotimi VO, 

Nagatake T. Increased serum levels of interferon-gamma and 

interleukin-12 during human brucellosis. Am J Trop Med Hyg. 

1999; 61 (3): 425-7. 

3. Von Bargen K, Gorvel JP, Salcedo SP. Internal affairs: 

investigating the Brucella intracellular lifestyle. FEMS 

Microbiol Rev. 2012; 36 (3): 533-62. 

4. Eskandari-Nasab E, Moghadampour M, Hasani SS, Hadadi-

fishani M, Mirghanizadeh-Bafghi SA, Asadi-Saghandi A, et al. 

Relationship between gamma-interferon gene polymorphisms 

and susceptibility to brucellosis infection. Microbiol Immunol. 

2013; 57 (11): 785-91. 

5. Sofian M, Aghakhani A, Banifazl M, Eslamifar A, Zolfaghari 

F, Sarmadian H, et al. Differentiation of Brucella-induced 

epididymo-orchitis from nonspecific epididymo-orchitis in an 

endemic area for brucellosis. J Med Microbiol Infect Dis. 2013; 

1 (1): 8-13. 

6. Farahani S, Shah Mohamadi S, Navidi I, Sofian M. An 

investigation of the epidemiology of brucellosis in Arak City, 

Iran,(2001-2010). J Arak Uni Med Sci. 2012; 14 (7): 49-54.  

7. Araj GF. Human Brucellosis and Its Complications.  

Neurobrucellosis: Springer; 2016. p. 7-12. 

8. Demirdag K, Ozden M, Kalkan A, Godekmerdan A, Kilic SS. 

Serum cytokine levels in patients with acute brucellosis and their 

relation to the traditional inflammatory markers. FEMS 

Immunol Med Microbiol. 2003; 39 (2):149-53. 

9. Lambert SD. Serologic Assessment of Antigenic Type-V and 

other Outer Membrane Proteins from Brucella Species as 

Differential Diagnostic Targets for Brucellosis. 2017. 

10. Orozco G, Sanchez E, Lopez-Nevot MA, Caballero A, Bravo 

MJ, Morata P, et al. Inducible nitric oxide synthase promoter 

polymorphism in human brucellosis. Microbes Infect. 2003; 5 

(13): 1165-9. 

11. Bravo MJ, Colmenero JD, Queipo-Ortuno MI, Alonso A, 

Caballero A. TGF-beta1 and IL-6 gene polymorphism in 

Spanish brucellosis patients. Cytokine. 2008; 44 (1): 18-21 

12. Zeinali M, Shirzadi M, Sharifian J. National guideline for 

brucellosis control. Tehran: Ministry of Health and Medical 

Education. 2009. pp:10-7.  

13. Kehrl JH. Transforming growth factor-beta: an important 

mediator of immunoregulation. Int J Cell Cloning. 1991; 9 (5): 

438-50. 

14. Rafiei A, Hajilooi M, Shakib RJ, Alavi SA. Transforming 

growth factor-beta1 polymorphisms in patients with brucellosis: 

an association between codon 10 and 25 polymorphisms and 

brucellosis. Clin Microbiol Infect. 2007; 13 (1): 97-100. 

15. Budak F, Goral G, Heper Y, Yilmaz E, Aymak F, Basturk B, 

et al. IL-10 and IL-6 gene polymorphisms as potential host 

susceptibility factors in Brucellosis. Cytokine. 2007; 38 (1): 32-

6. 

16. Akbulut H, Celik I, Akbulut A. Cytokine levels in patients 

with brucellosis and their relations with the treatment. Indian J 

Med Microbiol. 2007; 25 (4): 387-90.  

 17. Onishi RM, Gaffen SL. Interleukin-17 and its target genes: 

mechanisms of interleukin-17 function in disease. Immunology. 

2010; 129 (3): 311-21. 

18. Song X, Qian Y. IL-17 family cytokines mediated signaling 

in the pathogenesis of inflammatory diseases. Cell Sigal. 2013; 

25 (12): 2335-47. 

19. Clapp B, Skyberg JA, Yang X, Thornburg T, Walters N, 

Pascual DW. Protective live oral brucellosis vaccines stimulate 

Th1 and th17 cell responses. Infect Immun. 2011; 79 (10): 4165-

74. 

20. Rasouli M, Asaei S, Kalani M, Kiany S, Moravej A. 

Interleukin-17A genetic variants can confer resistance to 

brucellosis in Iranian population. Cytokine. 2013; 61 (1): 297-

303 

21. Arriola Benitez PC, Rey Serantes D, Herrmann CK, Pesce 

Viglietti AI, Vanzulli S, Giambartolomei GH, et al. The effector 

protein BPE005 from Brucella abortus induces collagen 

deposition and matrix metalloproteinase 9 down modulation via 

 [
 D

O
I:

 1
0.

52
54

7/
Jo

M
M

ID
.1

0.
4.

19
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
m

m
id

.p
as

te
ur

.a
c.

ir
 o

n 
20

24
-0

5-
06

 ]
 

                               4 / 5

http://dx.doi.org/10.52547/JoMMID.10.4.199
http://jommid.pasteur.ac.ir/article-1-424-en.html


Serum IL-17 and TGF-β levels with brucellosis 

J Med Microbiol Infect Dis 203 2022 Vol. 10 No. 4 
 

transforming growth factor β1 in hepatic stellate cells. Infect 

Immun. 2015; 84 (2): 598-606.  

22. Giambartolomei GH, Delpino MV. Immunopathogenesis of 

hepatic brucellosis. Front Cell Infect Microbiol. 2019; 9: 423. 

23. Pasquevich K.A, Ibañez A.E, Coria L.M, García Samartino 

C, Estein S.M, Zwerdling A, et al., An oral vaccine based on U-

Omp19 induces protection against B. abortus mucosal challenge 

by inducing an adaptive IL-17 immune response in mice. PLoS 

One. 2011; 6 (1): e16203. 

24. Kchaou M, Belghith M, Bahrini K, Maghrebi O, Mekki N, 

Belal S, et al. IL-17 and IL-6 as Inflammatory Response in a 

Case of Neurobrucellosis Presenting as Leucoencephalopathy. 

Arch Clin Med Case Rep. 2019; 3 (5): 353-9.  

25. Keramat F, Kazemi S, Saidijam M, Zamani A, Kohan HF, 

Mamani M, et al. Association of interleukin‐17 gene 

polymorphisms and susceptibility to brucellosis in Hamadan, 

western Iran. Microbiol Immunol. 2019; 63 (3-4): 139-46.  

26. Zhang J. Research progress on the role of immune cells in 

Brucella infection. Infect Int. 2018; 7 (1): 23-7. 

27. Abkar M, Lotfi AS, Amani J, Eskandari K, Ramandi MF, 

Salimian J, et al. Survey of Omp19 immunogenicity against 

Brucella abortus and Brucella melitensis: influence of nano- 

particulation versus traditional immunization. Vet Res 

Commun. 2015; 39 (4): 217-28.  

28. Miyamoto M, Emoto M, Emoto Y, Brinkmann V, 

Yoshizawa I, Seiler P, et al. Neutrophilia in LFA-1-deficient 

mice confers resistance to listeriosis: possible contribution of 

granulocyte-colony-stimulating factor and IL-17. J Immunol. 

2003; 170 (10): 5228-34. 

29. Bravo MJ, Colmenero JD, Queipo-Ortuno MI, Alonso A, 

Caballero A. TGF-beta1 and IL-6 gene polymorphism in 

Spanish brucellosis patients. Cytokine. 2008; 44: 18-21. 

 
Cite this article: 

Esalatmanesh R, Sharif MR, Esalatmanesh K, Heidari Sh, Soleimani Sh. Evaluation of Serum Interleukin-17, 

Transforming Growth Factor-beta Levels in Brucellosis Patients Before and After Treatment. J Med Microbiol Infect Dis, 

2022; 10 (4): 199-203. DOI: 10.52547/JoMMID.10.4.199 

 

 [
 D

O
I:

 1
0.

52
54

7/
Jo

M
M

ID
.1

0.
4.

19
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
m

m
id

.p
as

te
ur

.a
c.

ir
 o

n 
20

24
-0

5-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

http://dx.doi.org/10.52547/JoMMID.10.4.199
http://jommid.pasteur.ac.ir/article-1-424-en.html
http://www.tcpdf.org

