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Cytokines are produced and secreted from T cells and other various cells. Cytokines play an effective role in the responses elicited 
by the immune system. As brucella infection is caused by an intracellular aerobic rod, cellular immunity has a considerable effect 
on this disease. The aim of the present study was to evaluate the relation between cytokines and brucellosis arthritis, spondylitis, 
and sacroiliitis.
This descriptive case-control study was conducted in two tertiary hospitals in Mashhad, Iran in 2010. The study population con-
sisted of a case group comprising patients diagnosed with brucella arthritis with lower back pain and a control group comprising 
normal healthy participants. The diagnosis of brucellosis was investigated through history-taking, physical examinations, and 
serologic examinations. The interferon gamma (IFNγ), interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 10 (IL-10), and tumor 
necrosis factor alpha (TNFα) in the serum samples of both groups were measured using an enzyme-linked immunosorbent assay 
technique. 
The IL-10 was significantly different in the brucella and control groups (P value=0.02). However, IL-2, IL-4, and TNFα were com-
parable between the brucella and control groups (P value=0.1). A significant difference was observed between IFNγ and brucella 
in the control group (P value=0.05). 
IFNγ and IL-10 levels were higher in the brucella group than in the control group.
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Introduction 
Brucellosis, a prevalent infectious disease around the 

world, is caused by intracellular bacteria belonging to the 
genus Brucella with tropism for the reticuloendothelial 
system [1]. Brucella species are gram-negative facultative 
intracellular bacteria that can cause serious diseases in an-
imals and humans [2-4]. Peripheral arthritis, sacroiliitis, 
and spondylitis are three distinct forms of osteoarticular 
disease, which is the most common complication of bru-
cellosis [1].

There is evidence in the literature of the antibody pro-
duction against brucella in the human body, but. because 
brucella bacteria are intracellular, cell-mediated immunity 
is the final mechanism to kill these bacteria. Cellular im-
munity studies mostly performed on animal models have 
noted that tumor necrosis factor alpha (TNFα) and inter-
leukin 12 (IL-12) are significant in the defense mechanism 

against Brucella abortus [5].
The secretion of cytokines, such as interleukin 12  

(IL-12), interferon gamma (IFNγ), tumor TNFα, and oth-
ers, plays an important role in intracellular destruction 
and phagocyte apoptosis; however, the potential effects of 
cytokine blocking in vivo and, in particular, TNFα block-
ing in the course of human brucellosis are not clear. IFNγ 
levels increase in the presence of brucella infection. If a 
patient cannot produce a sufficient amount of IFNγ, the 
infection will remain in the body. Based on the literature, 
increased levels of IFNγ as well as interleukin 10 (IL-10) 
have been demonstrated in brucellosis compared to normal 
individuals [4].

Moreover, the role of the cytokine network in the patho-
genesis of spondylitis and sacroiliitis has been discussed 
in recent years [6, 7]. Patients with spondylitis have been 
reported to have increased plasma levels of soluble tumor 
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necrosis factor receptor 1, soluble tumor necrosis factor 
receptor 2, and osteoprotegerin compared with the general 
population [8]. The symptoms of spondylitis and sacroil-
iitis are not usually observable. Furthermore, symptoms 
such as difficulty walking and pressure on the spinal cord 
may occur in severe cases or cases with extensive involve-
ment. The most common area of involvement is the lumbar 
spine [9, 10].

Sacroiliitis after brucellosis, especially in adults, is main-
ly dominant skeletal brucellosis. It is reported more in 
the Mediterranean and the Middle East than in other ar-
eas. This may be due to the high prevalence of Brucella 
melitensis in these areas [2]. 

In general, sacroiliitis affects the patient with severe pain 
and movement limitation in its acute stage [11]. Since 
brucellosis generates significant costs in animal produc-
tion and public health [2-4], further studies on the factors 
affecting these diseases are very important. According to 
the high prevalence of brucellosis, it remains a difficult 
problem to be tackled in endemic areas, such as Iran. The 
present study evaluated the relations between cytokines 
and brucellosis arthritis, spondylitis, and sacroiliitis.

Materials and Methods 
This descriptive case-control study was performed on 

healthy cases in a control group and patients with brucel-
la arthritis and back pain, spondylitis, and sacroiliitis in a 
brucella group admitted to two main tertiary hospitals in 
Mashhad in 2010.

Inclusion and exclusion criteria
Pregnancy and smoking were the exclusion criteria. 

None of the participants had received anti-inflammatory 
drugs, except acetaminophen, such as corticosteroids and 
other antibiotics, before entering the study.

Study design
The participants were divided into two groups. The con-

trol group consisted of healthy volunteer blood donors 
(n=15) and medical students (n=25). The intervention 
group consisted of 40 patients diagnosed with brucella 
arthritis, back pain, spondylitis, and sacroiliitis. Each par-
ticipant completed a questionnaire collecting demograph-
ic information. Data collection lasted for 18 months. The 
standard sero-agglutination test with a titer of ≥1.320 and 
the 2-mercaptoethanol brucella agglutination test with a 
titer of ≥1.40 with clinical symptoms were the diagnostic 
criteria for brucellosis. Samples of 10 cc of blood were 
collected from the patients for the enzyme-linked immu-
nosorbent assay (ELISA) and sent to the immunology sec-
tion of the Ghaem Hospital laboratory. 

After the centrifugation and separation of the serum, each 
sample was kept at -70 °C (Giant Star, Bixolon Company) 
for 18 months. The number of cytokines was measured 

using the ELISA method. Firstly, a 100-μl sample of the 
specific antibody of each cytokine produced in the Mani 
Teb Company was pipetted in a 96-cell microplate. After 
16 h of incubation, it was washed three to four times using 
PBS-Tween in a refrigerator temperature of 2-4 °C; after 
blocking the free space of the microplate with 1% bovine 
serum albumin, a diluted sample was added to each cell 
and incubated for 30 min at 37 °C. After washing, a second 
layer antibody, which was conjugated with peroxidase rad-
ish-horse enzyme, was added to each cell as a label. After 
30 min of incubation, the substrate (H2O2) and chromog-
en were added, and after 10-15 min, the stop solution was 
added. Then, the concentration of each sample was ob-
tained using standard samples at a wavelength of 450 nm. 

The antibody levels were assayed using the Brucella 
Wright, agglutination, and 2-mercaptoethanol tests. Then 
the cytokines IL-2, IL-4, and IL-10 were measured using 
kits. IFNγ and TNFα were measured by the R&D System 
(Canada) using ELISA technique. Magnetic resonance im-
aging was utilized to determine sacroiliitis. No intervention 
was conducted regarding the treatment of the patients. The 
treatment protocols were performed based on the recom-
mendation of the World Health Organization guidelines [2].

Statistical analysis
The data was analyzed in SPSS software (version 22) us-

ing the t-test and the Kruskal-Wallis test. A P value<0.05 
was considered statistically significant.

Ethical Considerations 
Informed consent was obtained from all participants. To 

observe the ethical considerations, all cases were informed 
about the purpose of the study. Furthermore, participants 
were assured about the possibility of withdrawing from the 
study at any stage of the project. 

Results 
There were 23 male and 17 female cases with a mean age 

of 39.6±23.2 years. Brucellosis was diagnosed based on 
physical examinations and serologic tests. The results of 
the Kolmogorov–Smirnov test showed the normal distri-
bution of IL-2 and IL-10 levels. The IL-4, IFNγ, and TNFα 
levels had non-normal distributions. The IFNγ and IL-10 
levels were significantly higher in the brucella group com-
pared with those in the case group. The results of the t-test 
showed a significant difference in IL-10 levels between 
the two groups (P value<0.001). However, the IL-2 level 
was not different between the two groups (P value=0.1). 

The Kruskal-Wallis test revealed a significant dif-
ference with respect to IFNγ between the two groups  
(P value=0.05). However, the TNFα and IL-4 lev-
els were not significantly different between the groups  
(P value=0.1). These results reflected a cell-mediated im-
munity response involving T helper cells. The Wright test 
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Table 1. Comparison of (mean ±SD) serum cytokines levels (pg/mL) in brucella and control groups

titer was 1/160-1/1280 in 90% of the brucella group, and 
the 2-mercaptoethanol test titer was 1/80-1/320 in 90% of 
the cases. Table 1 tabulates the measurement of cytokines 
IL-2, IL-4, IL-10, TNFα, and IFNγ among the investigated 
samples. The results revealed a significant difference re-

garding IFNγ between the two groups (P value=0.05). The 
t-test results showed a significant difference regarding IL-
10 between the two groups (P value=0.01). The findings 
indicated that IFNγ and IL-10 played important roles in the 
pathogenesis of brucella arthritis and back pain.

Cytokine Brucella group Control group P value

Tumor necrosis factor alpha (mean ±SD) 1069.5 (±270.36) 862.11 (±667.65) 0.1

Interleukin 2 (mean ±SD) 544.87 (±334.03) 254.56 (±281.02) 0.1

Interferon gamma (mean ±SD) 243.32 (±49.72) 155.73 (±119.44) 0.05

Interleukin 4 (mean ±SD) 26.04 (±42.41) 7.21 (±8.46) 0.1

Interleukin 10 (mean ±SD) 522.97 (±154.72) 119.12 (±69.29) 0.001

Discussion 
The results of this study showed increased levels of IFNγ 

and IL-10 in the brucella group compared with the con-
trol group. These cytokines are predominantly secreted 
from type 1 helper T cells, which play an important role 
in cell-mediated immunity. In addition to type 1 helper T 
cells, activated antigen-presenting cells affect cell-mediat-
ed immunity against brucella [12]. Efforts have been made 
to induce cell-mediated immune responses in the devel-
opment of a vaccine against brucella [13]. Cytokines are 
soluble mediators secreted from lymphocytes, in particular 
helper T cells, after antigen stimulation and affect cells in 
a similar way as macrophages and natural killer (NK) cells 
in the modulation of immune responses [14]. 

IL-12 is mostly secreted by macrophages in response to 
intracellular pathogens and is an important factor for T 
lymphocytes and NK cells in the production of IFNγ [3, 
4]. The evidence has shown the role of IL-12 in resistance 
against brucella by the stimulation of IFNγ production and 
the enhancement of NK cell activity [5]. Increased levels 
of IL-2 in human brucellosis have been reported. However, 
IL-2 and IL-4 levels were not significantly different be-
tween the two groups. According to the literature, IL-2 was 
not found in brucella patients [4]. Again in another study, 
the presence of IL-2 in brucella was not reported [15]. 

Another study reported that the spleen of rat models ex-
perimentally infected with brucella had low levels of IL-2 
production. IFNγ is a cytokine that is secreted not only by 
type 1 helper T cells, but also by NK cells and CD8-pos-
itive lymphocytes. This cytokine activates macrophages 
to kill intracellular bacteria. Moreover, it activates mac-
rophages and NK cells and plays an important role in im-
munity against intracellular pathogens [16]. 

In the present study, IFNγ had the highest level in bru-

cella patients compared to the assayed cytokines of other 
cases. High IFNγ levels in brucella have been previously 
reported [4]. Regarding IL-4, a slightly significant differ-
ence existed between the cases with brucella and healthy 
subjects. According to the literature, high levels of IL-4 
were reported [17, 18]. Likewise, IL-2 levels had no sig-
nificant difference between brucella and healthy patients. 
No studies were observed regarding the IL-2 in human 
brucella; however, some studies in animal models have 
reported high levels of IL-10 in the spleen of rats with bru-
cella. The results of another study revealed the down-regu-
lation of immune response by the presence of this cytokine 
in rats [19]. 

In the present study, high levels of IFNγ and IL-10 were 
observed in brucella patients. These cytokines are secreted 
mainly by type 1 helper T cells. Cytokines secreted by type 
1 helper T cells direct cell-mediated immunity towards an 
effective defense against intracellular pathogens and are 
probably effective in the improvement of such infections 
[16]. In addition to type 1 helper T cells activation, regu-
latory T cells have gained attention, especially when bru-
cellosis becomes chronic. It has been shown that the IL-2 
receptor alpha chain+forkhead box P3+regulatory T cells 
have a lower percentage in chronic brucellosis compared 
to other cells [20]. In some limited studies, IL-1 and IL-4 
levels were not detected in brucella patients [21]. A pre-
vious study reported low levels of TNFα [22]. Similarly, 
TNFα was not observed in the present study.

In a recent study, the role of toll-like receptors (TLR) was 
demonstrated to affect the production of IL-6 and IL-12 
simulated by Brucella RNA in vitro. The authors added 
that brucella ribonucleic acid had significant immunostim-
ulatory function, and the cytokines released by dendritic 
cells in the response to this stimulation were TLR-depend-
ent [23]. In another study carried out on 173 patients with 
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brucellosis and 75 healthy controls, the IL-2 gene poly-
morphisms (positions +114/–384) brought the authors to 
the conclusion that the inheritance of TT genotype (posi-
tion +114) and TT/TT haplogenotype (+114/-384) were 
higher in the control group compared to those in the case 
group and can be responsible for the resistance to brucel-
losis [24]. 

The results of the present study revealed that the type 1 
helper T cell response was more important than the type 
2 helper T cell response in brucella infection; in addition, 
the continuation of this response was important in the pro-
gression of the infection. According to the findings of this 
study, there was a significant difference in L-10 between 
the two groups. However, there was no significant differ-
ence in IL-2, IL-4, and TNFα between the two groups. The 
results of the Kruskal-Wallis test showed a significant dif-
ference in IFNγ between the two groups. The IL-10 and 
IFNγ levels were significantly higher in the brucella group 
than in the control group.

In this study, the cytokines produced in patients with 
brucella arthritis and back pain were evaluated. Howev-
er, the patients with peripheral or axial arthritis were not 
separated. Further studies are suggested to investigate the 
relation between cytokines and brucella arthritis based on 
peripheral or axial arthritis. One limitation of this study 
was the unmatched case and control groups. Other limi-

tations were the small sample size and the lack of a con-
trol group without joint involvement. Although the subject 
of this study was previously investigated in patients with 
brucellosis in Azarbaijan province, Iran, this re-evaluation 
was performed to confirm the previous findings.

Conclusion 
IFNγ and IL-10 had confirmatory roles in brucella pa-

tients suffering from brucella arthritis and back pain. This 
response is not related to the severity of the infection. IFNγ 
was responsible for type 1 helper T cell response in bru-
cella arthritis and back pain. IFNγ and IL-10 levels were 
significantly higher in the brucella group than the control 
group. Due to the importance of the present subject, it 
is recommended that studies be performed with a larger 
sample size and which cover wider ranges both in cases 
and controls. The authors plan to investigate the relation 
between serum zinc and copper levels in patients with bru-
cella in the next project.
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