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ABSTRACT
Objectives: In the study, it was aimed to determine the Thiol/Disulphide profile in patients with relapsed
brucellosis and the relationship between Ischemia Modified Albumin (IMA) Levels and Thiol/Disulphide
profile. 
Methods: Native thiol, Total thiol, Disulphide, Disulphide/Native thiol, Disulphide/Total thiol, IMA levels
were measured in forty patients with relapsed brucellosis and healthy control group by using the newly
developed method in this cross-sectional study. 
Results: There was no statistically significant difference in patients with relapse brucellosis despite the fact
that it was lower than total thiol control group (p > 0.05). Disulphide was detected high in patients with
brucellosis but no statistically significant difference was found (p > 0.05). Native thiol and total thiol ratios of
disulphide were found to be statistically higher in patients with relapsed brucellosis (p < 0.05). In addition, the
ratio of native thiol and native thiol to total thiol was statistically lower than the control group (p < 0.05). The
levels of IMA were statistically significant in patients with relapsed brucellosis compared to the control group
(p < 0.05). There was a statistically significant positive correlation between IMA values and Disulphide and
Disulphide/Native thiol, Disulphide/Total thiol, Native thiol/Total thiol ratios (r = 0.514, r = 0.527, r = 0.527,
r = 0.527; respectively). 
Conclusions: It is known that the response of brucellosis treatment can be followed up with oxidative stress
markers and it can also be used as a relapse indicator in our study.
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Brucellosis is a zoonotic infectious disease that af-
fects half a million people annually and is con-

sidered one of the most important problems for public
health [1]. Brucella species can grow and survive in
macrophages [2]. Oxidative explosion in host
macrophages is the primary mechanism controlling in-
tracellular replication of brusella. In addition, in-

hibitors of reactive oxygen species have been reported
to reduce anti-Brucella activity of macrophages [3]. 
Therefore, oxidant-antioxidant molecules have been
reported to have a very significant role in Brucella en-
durance and pathogenesis. It is reported that brusel-
losis may be associated with production of oxygen
radicals and the emergence of antioxidant depletion,
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and that oxidative stress plays a role in the patogenesis
of brusellosis [4]. 
      Thiols are mercaptans based sulfhydryl residues
that play a significant role in the coordination defense
network [4]. In the case of oxidative stress, with the
oxidation reaction of cysteine residues, thiols oxides
and reversible disulfide bonds are formed. Disulphide
bond can be reduced again to thiol group. In this way,
thiol-disulphide homeostasis occurs [4]. In various
diseases such as cerebral ischemia, pulmonary throm-
boembolism, coronary artery disease, preeclampsi,
policystic over syndrome, celiac disease, impaired
thiol disulfide balance has been demonstrated [5-8].
Inflammatory cells which get activated through the
production of reactive oxygen and nitrogen com-
pounds fight against microbial pathogens that are con-
sidered to be causative agents a variety of infectious
diseases [9]. For this reason, Thiol-Disulphide home-
ostasis was evaluted in infectious diseas such as
Crimean Kongo Hemorrhagic Fever and tonsil-
lopharyngitis, and a shift to oxidative side of balance
was indentified [10]. The ischemia modified albumin
(IMA) results from the modification of cobalt binding
sites from the N- terminal end of albumin with the
emergence of free radicals in ischemic tissue [11]. This
new albumin molecule, which has lost its ability to
bind cobalt, has been reported to be an early marker
of ischemia. Furthermore, the use of IMA as a marker
for sepsis and community- acquired pneumonia asso-
ciated with oxidative stress and ischemic damage has
been reported in the literature [12, 13]. 
      In our study, it was aimed to determine the rela-
tionship between thiol- disulphideprofile and IMA use
as an oxidative stress indicator in patients with re-
lapsed brucellosis.

METHODS

Study Population 
      This cross-sectional coverage consisted of 40 pa-
tients with relapsing disease and 40 healthy individu-
als who had been diagnosed with brucellosis within
the last 6 months who applied to infectious diseases
polyclinic. The age and gender of the control group
were in agreement with the patient group. Those with
known infections, inflammatory or chronic diseases
and those who smoke or drink alcohol were excluded. 

Definition 
      Brucella relaps, with or without bacteria, has been
recognized as a recurrence of clinical symptoms
within the past six months, with an additional increase
in previously titrated Wright and 2- mercaptoethanol
titers [14]. 

Sample Collection 
      Approval for study was taken from the local ethics
committee (Erzurum Regional Training and Research
Hospital – Clinical Research Ethics Committee
2016/12-110). Approval forms are signed for all ill-
nesses and healthy control groups. Venous blood sam-
ples were collected between 8 and 10 o‘clock in the
morning after eight hours of fasting, was separated
after centrifugation at 1500× g for 10 minutes and-
stored at -80°C before theanalysis.Thiol/Disulphide
homeostasis parameters were quantified utilizing the
new way developed by Erel and Neselioğlu [15]. C-
reactive protein (CRP) levels were measured by neph-
elometric method (Siemens Dade Behring BN II). 

Statistical Analysis 
      The data were entered into the SPSS 21.0 statisti-
cal package program and analyzed using the same
package program. Categorical variable from the de-
scriptive data were presented as frequency distribu-
tions, and percentile and continuous variables as mean
(±) standard deviation and median (largest, smallest
value). The normality of distribution of continuous
variables was tested by Shapiro-Wilk test. The signif-
icance of differences between the groups was evalu-
ated using Mann-Whitney U test, Student’s t test, and
variance analysis where appropriate and Chi-square
and Fisher exact tests were used to examine the dif-
ference between categorical variables. Spearman cor-
relation analysis was performed to evaluate the
relationship between IMA and thioldisülfide parame-
ters. The statistical significance value was accepted as
p < 0.05.

RESULTS

      Forty brucellosis patients and 40 healthy individ-
uals were included in the study. There was no statisti-
cally significant difference between the age of the
patients included in patient and control group. Demo-
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graphic and laboratory data between the two groups
were presented in Table 1. Relapsing brucellosis pa-
tients were found to have a significantly higher sedi-
mentation value than healty control group. 

      No statistically significant difference was found
in patients with brucellosis despite the low detection
rate compared to the total thiol control group (p >
0.05). Disulphide was found high in patients with bru-
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cellosis but no statistically significant difference was
detected (p > 0.05). The native thiol and total thiol ra-
tios of disulphide were statistically higher in patients
with relapsed brucellosis (p < 0.05). In addition, the
ratio of total thiole to native thiol and native thiol was
statistically lower than the control group (p < 0.05).
IMA levels were found statistically higher in patients
with brucellosis than control group (p < 0.05) (Table
2). There was a statistically significant positive corre-
lation between IMA value and Disulphide and Disul-
phide/Native Thiol, Disulphide / Total thiol, Native
thiol/ Total thiol ratios (p > 0.500, p < 0.05) (Table 3). 

DISCUSSION

      Relaps of brucellosis occurs as an important prob-
lem during the treatment. Cellular immunity and treat-
ments provided bacterial elimination; however,
chronic and relapsed infections were seen due to the
presence of intracellular microorganisms. Previously,
Brucella –PCR was used for the detection of Brucella
relapse [16]. In our study, it was aimed to determine
the thiol/ disulphide profile in patients with relapsed
brucellosis and, at the same time to determine the re-
lationship between IMA levels and thiol/ disulfide pro-
file. The mechanism by which Brucella saved itself
without being killed in an intercellular fashion was not
fully understood. However, it was reported that the
main mechanism that controls intracellular replication
was the oxidative explosion in host macrophages [3].
The endogenous reactive oxygen compounds of aero-
bic respiratory metabolism against Brucella strains
have been shown to be exogenously produced for both
endogenous and anti-Brucella activities of
macrophages [3]. Reactive oxygen compounds re-
sponsible for oxidative stress was elevated in inflam-
mation leading to cell damage via peroxidation of
double –chain fatty, protein and DNA[17]. It was re-

ported that this condition is responsible for the patho-
genesis of diseases through accompanying the primary
disease [18]. There were studies showing that oxida-
tive stress plays a role in the pathogenesis of various
bacterial infectious diseases such as Hepatitis C, In-
fluenza, HIV, Sepsis, Crimean Congo Hemorrhagic
fever, as well as non-infectious diseases [19-23]. In
these cases, oxidant capacity increased and deteriora-
tion was observed in antioxidants [19]. In support of
this situation, serum antioxidant activity indicators
such as total peroxide malondialdehyde, paroxonase
and arylesterase in osteomyelitis, tuberculosis, brusel-
losis and Hepatitis B infections were significantly
lower than those in healthy individuals, as shown in
literature [4]. Also in previous studies, reduced total
antioxidant capacity in Brucella infection has been ex-
plained by the depletion of antioxidants as an elevated
free radical scavenger [4]. 
      Thiol groups were the main antioxidant compo-
nents of serum and prevented tissue damage by react-
ing and neutralizing these molecules with free oxygen
radicals and lipid peroxides [10]. Thiols can enter ox-
idation reactions, convert to the inverse forms called
disulfide bonds (-S-S), which can then be converted
to thiol groups. Thus thiol-disulfide homeostasis oc-
curs [24]. In a study of thiol-disulfide balance in acute
brucellosis, it was reported than an increase in disul-
fide could be observed without a corresponding de-
crease in thiol or a decrease in thiol without a
corresponding increase in disulfide. In this case, when
the ratio of disulfide / thiol was evaluated, it was stated
that the healthiest results regarding oxidative stress
can be achieved [25]. In our study, the disulphide/total
thiol and disulphide /native thiol ratios were found to
be statistically higher than those of healthy individuals
as Kolgelier et al. [25] found in patients with acute
brucellosis. As a result, increased oxidative stress can
also be found in relapsed brucellosis patients. 
      Karaağaç et al. [26] found that after Brucella in-
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fection treatment, oxidant capacity and antioxidant pa-
rameters reduced, and antioxidant levels increased. In
this study, it has been reported that oxidant-antioxidant
balance, which can be achieved by treatment with ox-
idative stress, may contribute to treatment outcome
[26]. In our study, the high ratio of disulfide/thiol sug-
gests that it may contribute to follow–up treatment in
terms of relapse development undertreatment.
      Oxidative stress-induced conformational change
in the N-terminal end of albumin, metabolic ions such
as cobalt and copper which tie with the N- terminal
end fail due to conformational change and was called
altered albumin-shaped ıschemic modified [12]. IMA
was a newly developed marker that increases in is-
chemic and oxidative stress-related pathological con-
ditions such as myocardial infarction, pulmonary
embolism, COPD and cerebrovascular event [27]. In
inflammatory diseases, high IMA levels have been
shown to be indicative of oxidative stress, together
with inflammation and oxidative stress associated with
the pathogenesis of these diseases [28]. Furthermore,
the use of IMA as a marker in infectious diseases such
as sepsis and community-acquired pneumonia associ-
ated with oxidative stress and ischemic damage has
been reported in the literature. In these diseases, it has
been recognized as an important marker of ischemic
damage in tissues and organs, helping to identify and
quantify oxidative stress [13]. In our study, IMA value
was statistically found to be significantly higher in pa-
tients with relapsed brucellosis than in healthy sub-
jects. In addition, a moderately strong positive
correlation was detected between disulfide/thiol ratios.
This moderately strong relationship was used control
the accuracy of parameters used as oxidative stress in-
dicators in cases of relapsing brucellosis. 

Limitations 
      Limitation in our study was firstly not compared
with other oxidative stress markers used as an indica-
tor of oxidative stress. Another limitation is that it was
performed with a small number of patients. 

CONCLUSION

      Thiol/ disulphide balance, previously balance, pre-
viously studied in acute brucellosis, has also been

shown to be oxidative in our study of relapsing Bru-
cella cases. IMA was higher in the study group than
in the control group and correlation with disulphide
/thiol ratios was also considered as a sign of increased
oxidative stress in relapsed brucellosis cases. Previous
studies have shown that brucellosis treatment response
can be followed up with oxidative stress markers and
in our study; it has been shown that it can also be used
as a relapse indicator. 
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