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ABSTRACT
Objectives: In infectious diseases, various inflammatory cells are active and reactive oxygen species are produced
to fight against intra cellular and extra cellular microorganisms. This leads to an increase in potential antioxidant
capacity and free radical production. Thiol is an important antioxidant. Thiols enter oxidation reactions with oxidative
molecules and it form disulphide bonds. The aim of this study was to evaluate the dynamic thiol/disulphide
homeostasis in patients with surgical site infection (SSI).
Methods: Sixty-eight patients with SSI and 66 healthy persons (control group) were included in this study. Complete
blood count, biochemistry, erythrocyte sedimentation rate, C-reactive protein values and thiol levels were studied in
blood of the patients at 0th day and 10th day. The blood thiol disulphide homeostasis was analysed using a new
automated method developed by Erel and Neselioglu.
Results: Native thiol, total thiol, albumin levels and native thiol/total thiol ratio were found significantly lower in the
blood samples at day 0th compared to 10th day. There was a statistically significant difference between the patient
group and the control group in IMA, native thiol, total thiol, albumin, disulphide levels, disulphide/native thiol,
disulphide/total thiol and native thiol/total thiol ratios
Conclusions: The thiol-disulphide balance is impaired in SSI. The elevated disulphide/total thiol ratio and
disulphide/native thiol ratio, and reduced native thiol/total thiol ratio indicate increased oxidation in SSI. There is also
a strong association between CRP, ESH and thiol-disulphide parameters. Thiol-disulphide homeostasis may
potentially be of benefit in inflammatory response. J Microbiol Infect Dis 2020; 10(3):160-166.
Keywords: Surgical site infections, thiol-disulphide homeostasis, inflammatory response

INTRODUCTION
Surgical site infections (SSI) cause serious
morbidity and mortality. It remains one of the
most important problems of the surgeon.
SSI are infections of the incision or organ or
space that occur after surgery. SSI, operation is
infection that occurs within 30-90 days following
[1].
In infectious diseases, various inflammatory
cells are active and reactive oxygen species are
produced to fight against intra cellular and extra
cellular microorganisms [2]. This leads to an
increase in free radical production and potential

antioxidant capacity [3]. Thiols are compounds
that contain sulfur and important antioxidants [4].
Thiols enter oxidation reactions with oxidative
molecules and it form disulphide bonds.
Dynamic
thiol/disulphide
homeostasis
is
required for detoxification, regulation of signaling
pathways, regulation of apoptosis and enzymatic
reactions [5,6].
In cases such as ischemia, acidosis, free radical
damage, the amino terminal binding region in
albumin is replaced and the binding capacity for
metals is reduced. This different form of the
albumin is ischemia modified albumin (IMA) [7].
The mechanism of IMA is thought that the effect
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of reactive oxygen species is a consequence of
change in the metal binding region of albumin
[8].

For each participant, the SSI-related parameters
and demographic data were recorded on a
standard form designed by the researchers.

The aim of this study was to evaluate the
dynamic thiol/disulphide homeostasis in patients
with SSI and to determine if thiol-sulphide values
are
important
parameters
following
inflammation.

The study protocol was approved by the ethics
committee (Yildirim Beyazit University Faculty of
Medicine Clinical Research Ethics Committee
(Approval date: June 10, 2015 and number:
146). Written informed consent was obtained
from all persons.

METHODS
This study was a prospective observational trial.
Two groups consisting of patients with SSI
diagnosis and healthy persons in a tertiary
hospital were included between January 1, 2015
and March 1, 2016 in this study.
Sixty-eight patients (37 females, 31 males) with
SSI according to the criteria established by the
Centers for Disease Control and Prevention
(CDC) were included and 66 healthy persons
(29 females, 37 males) were included as control
group.
SSI are infections of the incision or organ or
space that occur after surgery within 30-90 days
following [1] Patients with SSI were questioned
about discharge, hyperemia and edema in their
wounds and accompanying chronic diseases [1].
The control group was consisted healthy
persons who underwent normal physical
examination and routine laboratory tests.
The venous blood samples from patients with
SSI were taken at 0th day before antibiotic
treatment and at 10th day during treatment. The
blood was taken from the control group. The
blood was put into biochemistry tubes.
At the same time, complete blood count,
biochemistry, erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) values were
studied in blood of the patients at 0th day and
th
10 day.
The blood was centrifuged for 5 minutes at 2000
rpm in a centrifuge. The serum from upper part
of the blood was obtained. The serum samples
were put into Eppendorf tubes and stored at 80°C in deep freezing until biochemical analysis
was performed. The blood thiol disulphide
homeostasis was analyzed using a new
automated method developed by Erel and
Neselioglu [9].
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Biochemical analysis
In this study, modified Ellman reagent was used
to determine total thiol levels in blood samples.
The classical Ellman reagent was modified by
adding formaldehyde solution [9]. In a study by
Erel et al., the modified Ellman reagent was
used to measure the plasma thiol level [9]. The
significant correlation was found between
modified and original methods [9].
The main principle of Erel and Neselioglu
method is the reduction of disulphide bonds to
reactive thiol groups in the presence of NaBH4
[9]. The formaldehyde reaction neutralises the
unreacted NaBH4 and it prevents further
reduction of Ellman's reagent (5,5'-dithiobis-(2nitrobenzoic acid) or DTNB) [9).
The serum thiol-disulphide profile tests were
performed using a new automated method with
an automated analyzer (Cobas c501, Roche,
Mannheim, Germany). The modified Ellman
reagent was used to measure the total thiol
content in the samples. The half of difference
between total and native thiol concentrations
were value of disulphide bonds. The
disulphide/total thiol, disulphide/native thiol and
native thiol/total thiol ratios were also calculated
using the reaction results.
Additional measurements
The complete blood count, biochemistry, ESR
and CRP values were also studied at 0th day
before antibiotic treatment and at 10th day
during treatment in patients with SSI.
Statistical analysis
Statistical analyzes were made using the
package program called SPSS (IBM SPSS
Statistics 20). Frequency tables and descriptive
statistics were used to interpret the findings.
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Parametric
methods
were
used
for
measurement values suitable for normal
distribution. Non-parametric methods were used
for measurement values that were not suitable
for normal distribution. In accordance with the
parametric methods, "Paired Sample t" test (ttable value) statistics was used to compare two
dependent groups with normal distribution, in
accordance with the non-parametric methods,
“Wilcoxon” test (Z-table value) method was used
to compare two dependent groups with the
measured values.

respectively). However, disulphide/native thiol
and disulphide/total thiol ratios were significantly
higher in the blood samples at 0th day
compared to 10th day (p=0.001 and p=0.004).
Native thiol/total thiol ratio was significantly
lower at day 0th compared to 10th day (p=0.004)
(Table 2).

"Independent Sample t" test (t-table value)
statistics were used to compare two
independent groups with normal distribution.
"Mann-Whitney U" test (Z-table value) statistics
were used to compare two independent groups
without normal distribution.

There was a significant difference in thiol levels
between patients with SSI and healthy controls.
There was a statistically significant difference
between the patient group and the control group
in IMA, native thiol, total thiol, albumin,
disulphide
levels,
disulphide/native
thiol,
disulphide/total thiol and native thiol/total thiol
ratios (Table 3).

"χ2-cross" tables were used to examine the
relationship between two qualitative variables. P
value <0.05 was considered statistically
significant.
RESULTS
Sixty-eight patients [37 females (54.4%) and 31
males (45.6%)] with SSI were included and 66
healthy persons [29 females (43.9%) and 37
males (56.1%)] were included in this study.
The mean age of the patients was 59.13 ± 16.54
years and the mean age of the control group
was 55.48±14.49 years. There was no
statistically significant difference between mean
age of the control group and mean age of the
patient group (Table 1).
Patients with SSI had a follow-up period of 10
days. Venous blood was collected from the
patients at the 0th day before treatment and at
the 10th day of treatment. Patients with septic
shock were excluded from this study.
There was a significant difference in
hemoglobin, hematocrit, CRP, ESR, native thiol,
total thiol and albumin levels, disulphide/native
thiol, disulphide/total thiol and native thiol/total
thiol ratios in the blood samples at 0th and 10th
day. CRP and ESR were significantly higher in
the blood samples at 0th day compared to 10th
day (p=0.012 and p=0.005). Native thiol, total
thiol and albumin levels were significantly lower
in the blood samples at 0th day compared to
10th day (p=0.001, p=0.032 and p=0.000
J Microbiol Infect Dis

On the other hand, there was no statistically
significant difference between erythrocyte
middle cell volume, white blood cell count, IMA
and disulphide levels between 0th day and 10th
day (Table 2).

There was a significant difference between the
patient group and the control group in native
thiol levels. The native thiol levels were lower in
the patient group than in the control group
(patient:102.7 [3.7-287.5] μmol/L, control:350.3
[127.1-527.4] μmol/L, z=-9.626, p=0.000) (Table
3).
Table 1. Basic characteristics of patient and control
group.
Basic
features
(N=134)

SSI (n=68)

Control
(n=66)

Statistical
analysis
Possibility

Age (year) 59.13±16.54

55.48±14.49

t=1.356
p=0.177

29 (43.9%)

χ =1.930,
p=0.165

2

Gender (F)

37 (54.4%)

SSI: Surgical site infection.

Total thiol and albumin levels were statistically
lower in the patient group than in the control
group (p=0.000 and p=0.000) (Table 3). IMA and
disulphide levels were significantly higher in the
patient group than in the control group (p=0,000
and p=0,000) (Table 3).
The native thiol/total thiol ratio was significantly
higher in the control group (p=0.000), while the
disulphide/native thiol and disulphide/total thiol
ratios were significantly higher in the patient
group (p=0.000 and p=0.000) (Table 3).
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Table 2. Laboratory values of patients with SSI at 0th and 10th day in plasma samples.

0 day

10 day

Statistical analysis, Possibility
(p²)

Hemoglobin (11-16 g/dL)

10.2 [7.1-15.2]

11.2 [6.9-14.6]

Z=-2.696, p=0.007

Hematocrit (37-54%)

32.5 [22.6-48.2] 35.2 [21.2-44.8]

Z=-2.383 p=0.017

MCV (erythrocyte middle cell volume) (80-100
fL)

87.7 [70.1-110.2] 86.9 [73.4-96.7]

Z=-0.756 p=0.450

th

SSI¹

3

White blood cell count (4-10x10 cells/µL)

th

8.2 [1.4-34.3]

8.4 [2.3-24.8]

Z=-0.690 p=0.490

CRP (0-5 mg/L)

82.5 [2.4-309.0] 61.8 [3.4-265.1]

Z=-2.515 p=0.012

Erythrocyte sedimentation rate (ESR) (mm/h)

67.6 [6.0-123.0] 64.1 [11.0-142.0]

Z=-2.786 p=0.005

IMA (ischemia modified albumin) (U/ml)

76.0 [46.5-82.3] 75.6 [65.1-81.7]

Z=-0.631 p=0.528

Native thiol (μmol/L)

102.7 [3.7-287.5] 135.8 [7.9-289.6]

Z=-3.422 p=0.001

Total thiol, (μmol/L)
Albumin (3.5-5.2 g/dL)
Disulphide, (μmol/L)
Disulphide/native thiol*, %

174.8 [39.6392.8]

204.5 [27.0358.4]]

Z=-2.139 p=0.032

4.75±0.88

5.16±0.90

t=-3.974 p=0.000

38.1 [5.5-72.5]

33.5 [9.6-83.4]

Z=-1.143 p=0.253

41.9 [5.3-1478.1] 25.3 [5.2-1029.7]

Z=-3.315 p=0.001

Disulphide/total thiol*, %

22.6 [4.8-48.4]

16.8 [4.8-47.7]

Z=-2.878 p=0.004

Native thiol/total thiol*, %

54.9 [3.3-90.4]

66.4 [4.6-90.5]

Z=-2.878 p=0.004

*The "Paired Sample t" test (t-table value) statistics were used to compare two dependent groups with normal distribution. The
"Wilcoxon" test (Z-table value) statistics were used to compare two dependent groups with no normal distribution.
¹SSI: Surgical site infection.
²p <0.05was considered as statistically significant.

DISCUSSION
Thiols are susceptible to oxidation and thiols can
react with disulfides through thiol disulfide
exchange reactions. As these disulfide bonds
are reversible, they can be reduced to thiols
depending upon the organism’s oxidant–
antioxidant balance [9]. The thiol-disulphide
balance is an important member of various
processes such as immunoreaction, apoptosis,
antioxidant defense and regulation of enzyme
activity [10]. Impaired thiol-disulphide balance
have been shown for example, in a variety of
diseases such as myocardial infarction, diabetes
mellitus, preeclampsia and cancer [11].

including Crimean-Congo hemorrhagic fever
(CCHF), acute tonsillopharyngitis and acute
brucellosis [12-14]. In all three studies, the thioldisulphide balance was found to be impaired
[12-14].
In a study by Tufan et al., a positive or negative
relationship was found between thiol disulphide
tests with some oxidant and antioxidant
parameters in CCHF. In patients with CCHF
increased
disulphide/native
thiol
and
disulphide/total thiol ratios, decreased total
antioxidant status, and increased total oxidant
status were found [12].

Thiol-disulphide homeostasis has also been
evaluated in various infectious diseases
J Microbiol Infect Dis
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In a study by Kara et al., there was a negative
correlation between CRP values and the number
of white cells with native and total thiol levels in
acute tonsillopharyngitis. Patients with viral and
bacterial tonsillopharyngitis had lower native
thiol levels compared to healthy children
(p<0.001 and p=0.008, respectively). Total thiol
levels were lower in both groups compared to
healthy children (p=0.002 for viral, p=0.011 for

bacterial). The ratio of native thiol/total thiol in
each patient group was found to be lower than
the control group (p<0.001 for viral, p=0.017 for
bacterial).
Disulphide/native
thiol
and
disulphide/total thiol ratios were significantly
higher in viral (p<0.001 in both) and bacterial
tonsillopharyngitis patients (p=0.017 in both)
than healthy children [13].

Table 3. The difference in plasma thiol levels between patients with SSI and control group.
Variable (n=134)
IMA (ischemia modified
albumin)(U/mL)
Native thiol (μmol/L)
Total thiol (μmol/L)
Albumin (3.5-5.2 g/dL)
Disulphide, (μmol/L)
Disulphide/native thiol*, %
Disulphide/total thiol*, %
Native thiol/total thiol*, %

SSI (n=68)

Control (n=66)

Statistical analysis*
Possibility (p¹)

76.0 [46.5-82.3]

73.9 [57.0-78.4]

Z=-5.132 p=0.000

102.7 [3.7-287.5]
174.8 [39.6-392.8]
4.8 [2.4-6.9]
38.1 [5.5-72.5]
41.9 [5.3-1478.1]
22.16±9.47
55.68±18.93

350.3 [127.1-527.4]
392.9 [194.7-547.5]
6.4 [3.2-7.0]
18.4 [2.1-67.3]
5.1 [0.4-29.7]
5.45±3.77
89.10±7.54

Z=-9.626 p=0.000
Z=-9.166 p=0.000
Z=-8.630 p=0.000
Z=-5.581 p=0.000
Z=-9.141 p=0.000
t=13.351 p=0.000
t=-13.350 p=0.000

*”Independent Sample t” test (t-table value) statistics were used in the comparison of two independent groups with normal
distribution. The "Mann-Whitney U" test (Z-table value) statistics were used to compare two independent groups with no normal
distribution.
¹p<0.05 was considered as statistically significant.

In a study by Kolgelier et al. acute brucellosis
has been shown to impair balance between
thiol-disulphide pairs. In patients with acute
brucellosis, disulphide/native thiol ratios and
disulphide/total thiol ratios were significantly
higher and native thiol/total thiol ratios were
significantly lower (p<0.001, rates for all) than in
the healthy controls [14].
In a study by Ozyazici et al., the native thiol and
total thiol levels, native thiol/total thiol ratio were
found to be statistically significantly lower in
patients with acute appendicitis than in the
control group (p<0.001). Disulphide level,
disulphide/native thiol and disulphide/total thiol
ratios were found higher in the acute
appendicitis group than in the control group
(p<0.001). There was a positive correlation
between CRP and disulphide/native thiol and
disulphide/total thiol ratios in the acute
appendicitis group [15].
SSI are infections that occur after surgery. In
this study was evaluated the thiol-disulphide
balance in SSI.
In this study, CRP, ESR levels, disulphide/native
thiol and disulphide/total thiol ratios were
significantly higher in the blood samples at 0th
J Microbiol Infect Dis

day compared to 10th day (p=0.012, p=0.005,
p=0.001 ve p=0.004, respectively).
Hemoglobin, hematocrit, native thiol, total thiol,
albumin levels and native thiol/total thiol ratio
were significantly lower in the blood samples at
0th day compared to 10th day (p=0.007,
p=0.017, p=0.001, p=0.032, p=0.000 and
p=0.004 respectively) (Table 3).
At 0th day, native thiol: 102.7 [3.7-287.5] μmol/L,
total thiol: 174.8 [39.6-392.8] μmol/L, albumin
levels: 4.75±0.88gr/dL, disulphide/native thiol:
41.9% [5.3-1478.1] and disulphide/total thiol:
22.6% [4.8-48.4]. At 10th day, native thiol: 135.8
[7.9-289.6] μmol/L, total thiol: 204.5 [27.0-358.4]
μmol/L, albumin levels: 5.16±0.90 gr/dL,
disulphide/native thiol: 25.3% [5.2-1029.7] and
disulphide/total thiol: 16.8% [4.8-47.7].
Native thiol, total thiol, albumin levels and native
thiol/total thiol ratio were found to be significantly
lower in the patient group than in the control
group (p=0.000, p=0.000, p=0.000 ve p=0.000)
(Table 4). In addition, disulphide levels,
disulphide/native thiol and disulphide/total thiol
ratios were significantly higher in the patient
group than in the control group (p=0.000,
p=0.000 ve p=0.000) (Table 4).
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IMA is an indicator in the evaluation of ischemic
events [16]. Serum IMA levels increase in
patients with cardiac ischemia, liver cirrhosis,
pulmonary embolism, end-stage renal failure,
cerebrovascular diseases, cancer, systemic
sclerosis, intrauterine disorders, diabetes
mellitus, multiple trauma and policystic ovarian
disease [17-24].
In the present study, IMA level was significantly
higher in the patient group than in the control
group (p=0.000) (Table 4). This was thought to
be due to wound ischemia associated with SSI.
These results showed that the thiol-disulphide
balance was impaired in patients with SSI.
There was a significant difference in thiol levels
between patients with SSI and healthy controls.
Bacterial infections produce oxidizing molecules
such as myeloperoxidase and NADPH oxidase
in granulocytes with the aid of oxidative
enzymes. In this way, as thiol levels drop,
disulphide levels increase [19]. In the present
study, native thiol and total thiol levels were
found to be low in the patient group.
Conclusion
As a result, the thiol-disulphide balance is
impaired in SSI. In pre-treatment depleted native
thiol and total thiol levels has been associated
with decreasing effects against oxidative stress
and inflammation. The elevated disulphide/total
thiol ratio and disulphide/native thiol ratio, and
reduced native thiol/total thiol ratio indicate
increased oxidation in SSI. There is also a
strong association between CRP, ESH and thioldisulphide parameters. CRP and ESH are
positive acute phase reactant. For this reason,
thiol-disulphide homeostasis may potentially be
of benefit in inflammatory response. Therefore,
thiol-disulphide homeostasis may provide new
approaches for SSI's follow-up.
Limitations of the study: These parameters
among patients with prosthetics and nonprosthetics or response to treatment and nonresponse to treatment have not been studied.
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