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Abstract: Genetic polymorphisms that affect production levels of certain cytokines may determine the risk,
severity or protection in some infectious diseases like brucellosis. IFN-v plays a key role in the defense
mechamsm against brucella infection. This study aimed to determine the mfluence of the polymorphism within
the +5644 position of TFN-y gene on the susceptibility to brucellosis. We investigated the allelic and
genotypes distribution of A5644G polymorphism m IFN-y gene m an Iranian population comprising 259 patients
with brucellosis and 238 healthy controls. The single nuclectide polymorphism was determined using the
polymerase chain reaction in association with sequence-specific primers (PCR-SSP) mcorporating mismatches
at the 3'-end. Allelic and genotype frequencies of G5644A polymorphism of TFN-y gene were not significantly
differed between patients with brucellosis and controls (p=0.03). Stratification of patients to focal and non focal
diseases revealed a significant increased of 5644A allele in patients with focal brucellosis (79.31% vs. 61.94%,
p = 0.0005). Moreover, multivanate logistic regression models showed patients harboring the INF-vy G56444A
genotype were significantly more likely to develop focal infectious complications (OR = 3.45, p = 0.0004, 95%
CI =1.26-7.94). The present study suggests that the variant genotypes of G6544A of IFN-y might be associated

with focal form of brucellosis and play as a genetic risk factor in brucellosis.
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INTRODUCTION

Brucellosis caused by Brucella sp. is one of the five
common bacterial zoonoses in the world and represent a
public health problem especially in developing countries
including Middle East (Cutler et ¢l., 2005). The immune
defense against Brucella is complex and involves the
mteraction between CDA+T, CDE8+T lymphocytes,
macrophages and monocytes along with the production
of eytokines, such as interferon-y (IFN-y), tumor necrosis
factor-a (TNF-a) and TL.-12 (Rafiei et al, 2006). These
cytokines produce at the onset of infection that activates
macrophages and lymphocytes for induction of anti-
brucella activities. On the other hand, cytokines are
important mediators that regulate immune and
mnflammatory reactions. Upon ammal studies, it has
demonstrated that Thl cytokines confer resistance
(Zhan and Cheers, 1993; Baldwin and Parent, 2002,
Rafiei et al, 2006), while Th2 cytokines predispose to
brucellosis (Fernandes and Baldwin, 1995). IFN-v, a
prominent Thl cytokine, has been showed to play a major
role 1 macrophage activation (Jiang and Baldwin, 1993;

Rafiei et al, 2006) and stimulating antitumor and
antimicrobial activities, as well as the induction for the
synthesis and expression of MHC-IT (Basham and
Merigan, 1983; Baldwin and Parent, 2002). It has reported
that IFN-y knock out mice are unable to control the
infection (Murphy et al., 2001 ). Serum levels of IFN-y is
significantly higher in patients with brucellosis compared
with healthy persons (Ahmed et al., 1999).

In addition to environmental factors and virulence of
the pathogen, host genetic factors are also major
determinants of susceptibility and development of
infectious diseases like brucellosis (Caballero et af., 2000,
Cooke and Hill, 2001; Rezazadeh et al, 2006;
Haploor et al, 2006). Regarding the host protection
mechanisms against brucella, investigating the possible
influence of gene polymorphisms on susceptibility to
brucellosis has recently been a focus of interest
(Bravo et al., 2003). Expression and secretion of cytokines
are dependent, at least in part, on genetic polymorphism
within the promoter region or other regulatory sequences
of cytokine genes. On the other hand, polymorphisms in
the regulatory regions of cytokine genes can affect the
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level of cytokine production and may be associated with
predisposition to infectious diseases as well as different
climcal outcomes. Association between the genetic
background of the human host and the susceptibility or
resistance to brucellosis has been shown (Bravo et al.,
2003, 2008, Hajilooi et al, 2006; Rafiei et al., 2007).
Low synthesis of INF-y has been associated with
chronicity and longevity of brucellosis (Rafiel et al., 2006).
Several polymorphisms in the gene of TFN-y have been
identified to influence on susceptibility, development
or clinical features of diseases. A G to A polymorphism
at position 5644 in the 3' untranslated region of the
IFN-y gene (Accession No. M37265) might affect
gene expression and TFN-y production by governing
mRNA stability, localizing mBRNA and regulating
translation (Wu et al., 1998).

Although, the immunogenetic aspects of chronic
intracellular infections have been widely studied, little is
known about the genetic influence of the host in human
brucellosis. The present study investigates the
hypothesis of an association of polymorphic variants of
the TFN-y gene, with different clinical forms of brucellosis.

MATERIALS AND METHODS
Study population: The study consisted of a
retrospectively recruited cohort of 259 (142 men, 117
women) patients with brucellosis from rural areas of
Northen Tran diagnosed between March 2006 and
November 2008. A control group was composed of 238
(136 men, 102 women) healthy volunteers matched for age,
sex and geographic area. The control group had the same
epidemiological conditions as patients, but was negative
i brucella-specific tests. Diagnosis of brucellosis was
established by isolation of Brucella in blood or bone
marrow cultures. In negative cultures, diagnosis was
based on compatible epidemiological and clinical
mamfestations together with the presence of high titers of
specific antibodies or a four-fold or greater increase of the
1mitial titers in two paired samples drawn 2-4 weeks a part.
High titers were considered to be a Standard Tube
Agglutination (STA) =1/160 or a Coombs’ antibrucella
test > 1/320 confirmed by a 2-merkaptoethanol test (2-ME)
titer of = 1/160. Focal forms or complications were defined
as the presence of symptoms or signs of infection at
particular sites which continued for at least 7 days in a
patient with active brucellosis. Upon diagnosis, all the
patients were placed on the same treatment regimen
comprising of doxycycline for a period of six weeks, in
combination with streptomycin for two weeks followed by
rifampin for four weeks. The study protocol was approved
by the Medical Ethics Committee of Mazandaran

University of Medical Sciences and conformed to the
ethic guidelines of the 1975 Declaration of Helsinki.
Informed consent was obtained from all study population.

Genotype analysis: For each individual enrolled in the
study, a 7 mL sample of venous blood was collected in
tubes contaimung 50 mM of EDTA. DNA was extracted
from uncoagulated blood by a modification of the
salting -out technique (Miller ef al., 1988) and stored at a
final concentration of 200 pg m1.™" in -20°C until used for
the genotyping. The genotyping was performed using
polymerase chain reaction-sequence specific primers
(PCR-55P) method. Intemal control primers were included
to control for false negative reactions. The control primers
at concentration 0.2 pmol L™ (5'TGC CAA GTG GAG CAC
CCA Aand5'GCA TCT TGC TCT GTG CAG AT-3) were
used. The TFN-vy polymorphism at position 5644 (A/G) was
identified by the sequence-specific forward primers: 5'CCT
TCCTATTTC CTC CTT CG and SACC TTC CTA TTT
CCT CCT TCA in combination with the consensus
reverse primer 5'GTC TAC AAC AGC ACCAGG Cata
final concentration of 1 pmol L™ with an expected product
size of 298 bp. The amplification products were visualized
after electrophoresis (100 V/45 min) in agarose gel at
2% in 1 TAE buffer (Tris-base 1.6 mol L™, Na acetate
0.8molL.7' and ethylenediaminetetraacetic acid-Na
2 40 mM L' deicnized water) containing 5 pL of ethidium
bromide (10 mg mL™"), using transillumination with a
source of ultraviolet light The agarose gels were reported
by an investigator samples.
Amplification was carried out using a DNA Technology
MTC 400 in a total volume of 15 pmol L™ that contained
100 ng of genomic DNA, 1 pmol L™ each allele-specific
primer pair, 200 umol L™ dNTP, 10 moL ™" Tris-HCI
(pH, 8.3), 50 mmol KC1, 1.5 mmoL ™ MgCl,, 0.5 IU Tag
DNA polymerase. The reaction was carried out as follow;
imtial denaturation at 94°C for 2 min, followed by
10 cycles of amplification at 96°C for 20 sec and annealing
at 64°C for 50 sec, with extraction for 40 sec at 72°C,
followed by 20 cycles of denaturation at 96°C for 20 sec
and annealing at 61°C for 50 sec, with extraction for 40 sec
at 72°C.

unaware from the

Statistical analysis: The allele and genotype frequencies
of the variants were obtained by direct counting.
Hardy-Weinberg equilibrium and the differences between
the allele and genotype frequencies between the
brucellosis patients and the controls were determined by
the ¥’ test with Yates correction, and Fisher’s exact test,
appropriately. A p-value<i0.05 was considered statistically
significant. Odds ratios (OR) and 95% confidence
intervals (CI) were also calculated if the y* or Fisher’s
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exact tests were significant. All Statistical analysis was
performed using the SPSS 10.0 software package (SPSS,
Chicago, IL).

RESULTS

The mean age was 40.944+18.22 and 41.23+17.54 years
in the patients and healthy individuals, respectively. The
mode of transmission was consumption of dairy products
(57%), close contact with infected amimals (39%) and
unknown orign (4%). The patients with brucellosis
presented by fever (71.4%), anorexia (73.4%), myalgia
(55.6%0), delirium (5.1 %), headache (53.7%), weight loss
(38.6%), arthralgia (71.4%), arthritis (14.7%), sweating
(69.1%), back pain (73.4%), bone pain (61.8%), depression
(17.8%), hepatobiliary complications (2.7%), hematological
complications (3.1%). Of the 58 patients with focal forms
of the disease, 45 (77.6%) had osteoarticular
complications (38 arthritis, 4 sacroiliitis, 3 spondylitis), 4
(6.9%) had gemtourinary complcations, 7 (12.1%)
hepatobiliary complications and 7 (12.1%) hematological
disorders. Comparisons between the genotype and allelic
frequencies m the brucellosis and control populations did
not reveal sigmificant frequency differences between the
two groups.

Allelic and genotype frequencies of IFN-y: DN A samples
from 259 patients with brucellosis and 238 healthy
individuals were analyzed for G5644A polymorphism of
TFN-y. The frequency of TFN-y genoctypes in control
individuals was found in accordance with those expected
by the Hardy-Wemberg equlibrium (p = 0.125). The allele
and genotype frequencies of G5644A polymorphism of
IFN-y gene were not significantly differed between
brucellosis and healthy control subjects (p = 0.053 and
p = 0.073, respectively), although mutant homozygous
genotype was slightly more common in patients than
controls (48.3% vs. 38.2%, OR = 07, 95% CI; 0.43-1.17;
p=0.07) (Table 1). In order to investigate the mfluence of
gender on allelic distribution we determined allele and
genotype frequencies between patients and controls of
male and female separately. There wan no significant
difference between allelic and genotype frequencies of
IFN-y polymorphism between patient and control group
based on gender distribution (data not shown). When the
patients were divided according to the clinical features of
the disease into focal brucellosis (22.4%) and non focal
brucellosis (77.6%), a strong association was found in the
focal disease and IFN-y polymorphism (Table 2).
Individuals with IFN-y 5644 A allele had a higher risk of
developmg focal form of brucellosis compared to
individuals with G allele (79.31% vs. 61.94%, OR = 2.355,
p=10.0005, 95% CT =1.44-3.85). These differences were

Table 1: Distribution of allele and genotype frequencies of G3&44A
polymorphism of IFN—y polymorphism in patients with
brucellosis and controls

Controls Patients
Results n=238 n=259 p-value OR CI 95%
Allele- n (%)
S5644A 285 (59.87) 31 (65.83) 0.052 0.78 0.6-1.1
564G 191 (40.13) 177 (34.17)
Genotype-n (%)
ASGHA 91(382)  125(483)
AS6HMG 103 (43.3) 91 (35.1) 0.073 0.7 043-1.17
G5644G 44(18.5) 43 (16.6)

Table 2: Genotype and allele frequencies of G5644A polymorphism of
IFN-v in Focal and non focal brucellosis

Focal MNon focal

brucellosis brucellosis
Results n=>58 n=201 p-value OR  CI95%
Allele-n(%)
5644A 92 (79.31) 249 (61.94)  0.0005 2.355 1.44-3.85
5644G 24 (20.69) 153 (38.06)
Genotype-n (%)
ASG4A 39(67.2) 86(42.8) 0.004 345 1.26-7.%
AS64G 14 (24.1) 77(38.3)
G5644G 5(8.6) 38(18.9)

Table 3: Genotype and allele frequencies of G5644A polymorphism of
IFN-v in patients with or without focal brucellosis based on sex

Male Female

Focal Non focal  Focal Non focal
Results (n=36) (n=106) (n=22) (n=95)
Allele —n (%)
5644A 55 (76.4) 135(63.7)  35(79.5) 114 (60)
5644G 94 (23.6) 77 (36.3) 9(20.5) 76 (40
p-value 0.05 0.015
OR (CI 95%) 1.84(1.01-3.4) 2.6(1.2-5.7)
Genotype —n (%)
ASGHMA 24 (66.7) 47 (44.3) 14 (63.6) 39¢41.1)
AS64G 7 (19.4) 41 (38.7) 7 (31.9) 36(37.9)
G5644G 5(13.9) 18(17) 1(4.5) 20(21.1)
p-value 0.06 0.02
OR (CI 95%) 2.6(0.08-5.7) 7.4 (1.002-15.6)

also seen in genotypes of IFN-v aniong the patients with
focal brucellosis and non-focal disease (67.2% vs. 42.8%,
OR =3.45,p=0.0004, 95% CT=1.26-7.94). Interestingly,
as shown in Table 3 there was an increased of TFN-vy A/A
genotype i patients with focal form compared to non
focal form in both male and female groups. Otherwise,
there was only a statistically significant difference in
allelic and genotypes of G5644A polymorphism in female
patients with focal brucellosis. The presence of 56444
allele was more associated with localization of the
diseases in female patients (OR = 2.6, p=0.015, 95%
CI=1.2-5.7).

DISCUSSION

The key finding of this study is an association
between the presences of 5644A allele with focal
brucellosis  susceptibility. Successful elimination of
the brucella infection depends on the activation of
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macrophages with the development of cell-mediated
immunity (Zhan et al., 1996; Golding et al., 2001). Brucella
antigens mduce the production of Thl cytokines in
humans and adequate Thl immune response 1s critical for
the clearance of Brucella infection. TFN-v is critical in
modulating the TT.-4, TL.-10 and T1.-12 cytokine network
pathway and considered a promflammatory cytokine
because it augments (TNF) activity and induces nitric
oxide (Dinarello, 2000). Cytokine producing potential may
vary among individuals and it could be due to the
polymorphisms observed 1 the cytokine genes
(Pravica et al, 2000, Yilmaz et al, 2005) It has
demonstrated that reconstitution of G to A at position
5644 of TFN-y gene producing a homozygous genotype
which cormrelates to low production of IFN-y
(Pravica et al, 2000; Anuradha et af, 2008). To
investigate the association of G5644A polymorphism in
the individual susceptibility to brucellosis and also to
reveal the role of this polymorphism in development of
active form to focal form, we studied allelic and genotypic
frequencies of TFN-y gene in healthy controls and
brucellosis patients with different forms of the disease.

Our results were shown no significant differences in
IFN-v (G5644A) genotypes between healthy controls and
overall patients with brucellosis. These results is line with
a study in Tranian population (Davoudi et al., 2006) and
also 13 according to other studies shown development of
Thl type response with cell proliferation and preduction
of TFN-y and IL.-2 in acute  brucellosis
(Caballero et al., 2000, Giambartolomei et al., 2002). Onthe
other hand, comparison of frequency of high producer of
IFN-v(5644 Q) between patients with brucellosis and
controls revealed no significant differences, albeit
frequency of G allele was scarcely prominent in healthy
controls. This finding confirmed ow previous results
demonstrated that CD3+CD4+T cells of patients with
acute brucellosis produce TFN-y in response to brucella
antigen as same as controls (Rafiei et of., 2006). However,
it has shown IFN-v levels were sigmficantly lower in
patients with chronic brucellosis than in patients with
acute brucellosis, showing a clear association of low
TFN-y plasma levels with an unfavorable immune
response against brucella (Rafiei et af., 2006). It has been
shown that neutralizing endogenous IFN-y results m a
decrease in control of brucellosis (Cooke and Hill, 2001,
Baldwin and Parent, 2002).

An association between the presence of low protein
producer allele of IFN-y gene (56444A) and focalization of
the disease in recent study is consistent with ow
previous report demonstrating that decreasing in TFN-y
has a fundamental role in prolengation of brucellosis
(Rafier et al., 2006). This analysis indicates that the

insufficient production of TFN-y results in the failure of
macrophage activation, leading to the progression
of chronic  brucellosis (Rafiel et al, 2006,
Skendros et al., 2007). It was also observed that patients
with tuberculosis carrying the genotype +874A/A in
homozygosis showed significantly lower TFN-y plasma
levels than those carriage +874 T allele, which 1s strong
evidence 1n favor of the notion that this polymorphism
reduces the production of TFN-y (Anuwradha et al., 2008,
Vallinoto et al, 2010) and decreases the activation of
cellular immunity, thereby increasing the chance of
infection.

Contrary to our findings, a study by Davoudi et al,
found no significant differences in genotype of TFN-y
gene between patients with or without focal involvement
(Davoudi et al, 2006). However, the second study
suffered from low sample size for the detection of a
significant difference between patients with or without
focal form of the disease. They studied only 43 patients
with brucellosis and no sigmificant differences in the allele
frequencies between patients with and without focal
involvement were found (Davoudi et al., 2006).

The marked association between the IFN-v (G56444)
allele and focal brucellosis in females strongly suggests
that this relationship is significant. Therefore it seems that
harboring TFN-y-5644A low producer allele might be an
increased risk of localization of brucellosis. The finding
suggests a protective role for the +5644 G allele, in
opposition to the role of the allele 5644 A which seems to
be a predisposing factor to brucella infection. Tn fact,
possession of the 5644 A allele seemed sigmficantly to
increase the probability of longevity of the disease. Thus,
an TFN-y genotype associated with low production of
IFN-vy might be harmful for the control of brucella. It 1s
worthy of note that allele 5644 A of the IFN-v gene is
assoclated with a low  producing phenotype
(Wu et al., 1998; Pravica et al., 2000) and TFN-v 5644 A
carriers have been described as having higher odds of
suffering longevity of the disease and a worse course
of disease outcome (Joarmes et al, 2010, Prabhu
Anand et al., 2010). Thus and taken together the results
from others and our findings here, we may speculate that
IFN-vy gene variations (G5644A) may have a role in
determiming the genetic susceptibility to elongation of
disease and progress to chronic disorder that might occur
over time in the illness.

CONCLUSION
Based on the importance of ITFN-y in the protective

immunity against brucellosis, our results demonstrate an
association of low IFN-y producer allele (56444) with
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localized form of brucellosis, confirming that the
protection against brucella depends on an intense cellular
mmmune response to Thl profile, characterized by the
predominance IFN-y production.
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