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BACKGROUND/AIMS
The aim of this study was to investigate the diagnostic utility of thiol/disulfide homeostasis parameters, which are oxidative stress markers,
together with the neutrophil-to-lymphocyte ratio (NLR) in diagnosing of urinary tract infections (UTI) in the emergency department (ED).
MATERIAL and METHODS
The study was conducted prospectively and included 63 patients who were admitted to the ED between May 15th, 2018, and October 1st,
2018, and 59 healthy subjects included as the control group. A new method developed by Erel and Neşelioğlu was used to measure the
thiol/disulfide homeostasis parameters (thiol, disulfide, disulfide/native thiol, disulfide/total thiol, native thiol/total thiol), and the NLR
was studied in the patient and control groups. In addition, the relationship between these parameters and the body temperature and
urinary cultures in patients with UTI was investigated as well.
RESULTS
The NLR, disulfide/native thiol, and disulfide/total thiol mean values were found to be significantly higher (p<0.001, 0.013 and 0.009,
respectively) in patients with a UTI compared to the control group. Disulfide, disulfide/native thiol, and disulfide/total thiol mean values
were found to be significantly higher (p<0.001, <0.001 and <0.001 respectively) in the group with a high body temperature compared to the
group without high temperature. Native thiol and total thiol values were found to be significantly lower (p=0.048 and 0.020, respectively)
in the group with a positive urine culture compared to the group with a negative urine culture.
CONCLUSION
Thiol/disulfide homeostasis parameters together with the NLR values are diagnostically useful in patients with UTI.
Keywords: Thiol/disulfide homeostasis, urinary tract infection, neutrophil-to-lymphocyte ratio

INTRODUCTION
Urinary tract infection (UTI) is a clinical condition that affects approximately 150 million people annually across the world
(1). UTI may occur in a wide range of clinical manifestations, from asymptomatic bacteriuria to urosepsis. Nevertheless, it
may be seen frequently at any age (newborns to elderly). UTI can be caused by microorganisms such as bacteria, fungi,
protozoa, and viruses, and bacterial infections often originate from the enteric flora. The most commonly detected bacteria is Escherichia Coli (2-4).
To diagnose UTI, an anamnesis, medical examination, laboratory examinations, and if needed radiological examinations, are used. Burning and pain while urinating, the feeling of compression in the suprapubic area, and an increase in
the urinary frequency are seen frequently in patient’s history. The leukocyte count in a complete blood count, C-reac-
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tive protein, and the erythrocyte sedimentation rate are used
as blood laboratory examinations. Measuring 5–10 leukocytes
in each microscopic field of a centrifuged urine sample or positive leukocyte esterase are commonly used in urinary laboratory examinations. In addition, the urine culture is also used in
diagnosis (5-7).
Tissue damage may develop in UTI, and inflammatory mediators are released. Acute phase reactants, cytokines, and oxidation products are the mediators that reveal this damage.
Especially reactive oxygen products that emerge due to oxidative stress in bacterial infections play a key role in the cell and
tissue damage (8, 9). The release of cytokines and proteolytic
enzymes in addition to the level of leukocyte infiltration and
inflammation are important factors in the scar formation and
renal fibrosis (10, 11). Many biochemical parameters that show
a systemic inflammatory response in UTI have been studied,
but none of them is safe and correct enough for making diagnosis (12, 13).
The neutrophil-to-lymphocyte ratio (NLR) is a strong predictor
of an inflammatory response; it is inexpensive and can easily be
obtained. The NLR has been studied in many clinical scenarios,
from infections to chronic diseases, and it is used as an indicator
of systemic inflammation and infection (14-16).
Mediators that are released as a result of oxidative stress cause
many systemic diseases and this diseases courses with inflammation. Thiol/disulfide homeostasis parameters are used in the
detection of oxidative stress, and it has been measured since
1979 single directionally. Today, these parameters can be measured both separately and also collectively by a new method
that was developed by Erel and Neşelioğlu (17-19).
To the best of our knowledge, no study that investigated thiol/
disulfide homeostasis parameters and the relation between
the NLR and UTI has been published by now. The aim of this
study was to investigate the diagnostic utility of thiol/disulfide
homeostasis parameters together with the NLR in diagnosing of
UTI in emergency department (ED) patients.
MATERIAL and METHODS
Approval for this study was received from the Ankara Yıldırım
Beyazıt University Ethics Committee according to the latest
version of the Helsinki Declaration. The study was conducted
between May 15th, 2018 and October 1st, 2018, in an urban ED
with approximately 150,000 patient visits per year. Sixty-three
patients who were diagnosed with a UTI and were followed
up and discharged from the ED were included in the study
prospectively. Fifty-nine healthy subjects who shared similar characteristics with the patient group regarding age and
gender were identified as the control group. Informed consent
was obtained from both the patients and healthy subjects. In
addition, the patient group was divided into two subgroups
according to the body temperature (high/not high), and the
results of urine culture (positive/negative). Thiol/disulfide homeostasis parameters and NLR values were compared between the groups.
Age, gender, presenting complaint, medical background,
accompanying systemic diseases, symptoms, and findings
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at the time of presenting to the emergency department
(dysuria, thamuria, urinary urgency, abdominal and/or flank
pain, high temperature [≥38.3 0C]), physical examination
findings, laboratory results, and imaging results of the patients were registered on the standard study forms. Patients
≤18 years of age, pregnant patients, patients with chronic
and inflammatory diseases, patients who used drugs or had
substance-use disorders, who used antibiotics, and who
had an infectious disease episode in the past month were
excluded from the study. Patients who were hospitalized
were also excluded.
Blood samples were drawn from each patient to study a complete blood count, liver and renal function tests, electrolytes, and
thiol/disulfide homeostasis parameters (thiol, disulfide, native
thiol, disulfide/native thiol, disulfide/total thiol, native thiol/total
thiol) levels. Urine samples were obtained to examine the urine
microscopy and cultures.
Native thiol and total thiol values were measured using a
new method developed by Erel and Neşelioğlu (17), and disulfide, disulfide/native thiol, disulfide/total thiol, and native
thiol/total thiol values were calculated. The NLR ratio was
calculated by proportioning the neutrophil and lymphocyte
values.
Statistical Analysis
Results were presented as the mean+standard deviation. The
normality analysis was made using the Kolmogorov–Smirnov test. A p-value >0.05 was accepted as normally distributed
data. Univariate statistical analyses were made using the chisquare test for categorical valuables and Student’s t test for
continuous variables. A p-value <0.05 was accepted as statistically significant.
RESULTS
Thirty-four out of 63 patients who were included in the study
were male. The mean age of the patient group was 40.86±18.36
years. There were 33 male and 26 female subjects in the control group, and the mean age was 36.03±8.93 years. There was
no statistically significant difference between the patient group
and the control group regarding age and gender (p=0.066 and
0.266, respectively).
When the patient and control groups were compared according to the NLR and thiol/disulfide homeostasis parameters,
NLR, disulfide/native thiol and disulfide/total thiol, the average values were found to be significantly higher (respectively, p<0.001, 0.013 and 0.009) and the native thiol and total
thiol average values were found to be significantly lower (respectively, p=0.004 and 0.001) in the patient group compared
to the control group. NLR and thiol/disulfide homeostasis
parameters of the patient and control groups are presented in Table 1. When the high body temperature group was
compared to the group without a high body temperature, the
NLR and thiol/disulfide homeostasis parameters; disulfide,
disulfide/native thiol, and disulfide/total thiol average values were found to be significantly high (respectively, p <0.001,
0.001, and 0.001), and native thiol/total thiol average values
were found to be significantly low (respectively p=0.017 and
<0.001) in the group with a high temperature. A comparison
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of thiol/disulfide homeostasis parameters and NLR values
according to body temperature in the patient group is presented in Table 2. When the patient group was divided into
a culture negative and positive, and the NLR and thiol/disulfide homeostasis parameters were compared, native thiol
and total thiol values were found to be significantly lower
(respectively, p=0.048 and =0.020) in the group with microbial
growth in culture compared to the group without the growth.
The comparison of thiol/disulfide homeostasis parameters
and NLR values according to microbial growth in culture in
the patient group is presented in Table 3.
TABLE 1. Comparison of thiol/disulfide homeostasis and NLR levels

of the patient group and the control group

Patient Group
(n=63)

Control Group
(n=59)

p

Native thiol (μmol/L)

405.25±106.00

450.14±54.32

0.004

Total thiol (μmol/L)

447.06±106.72

499.53±53.97

0.001

Disulfide (μmol/L)

25.48±12.40

22.92±11.06

0.231

Disulfide/native thiol

0.068±0.044

0.052±0.027

0.013

Disulfide/total thiol

0.059±0.032

0.045±0.023

0.009

Native thiol/total thiol

0.903±0.069

0.901±0.052

0.867

5.42±2.31

1.47±0.67

<0.001

NLR

NLR: neutrophil-to-lymphocyte ratio
TABLE 2. Comparison of thiol/disulfide homeostasis parameters and

NLR values in the patient group with high body temperatures and
without high body temperatures
With High
Temperature
(n=33)

Without High
Temperature
(n=30)

p

Native thiol (μmol/L)

379.09±104.97

442.49±97.69

0.017

Total thiol (μmol/L)

428.73±107.50

473.14±102.00

0.102

Disulfide (μmol/L)

32.01±11.24

16.19±6.81

<0.001

Disulfide/native thiol

0.090±0.045

0.037±0.014

<0.001

Disulfide/total thiol

0.076±0.029

0.034±0.014

<0.001

Native thiol/total thiol

0.879±0.080

0.936±0.024

<0.001

5.41±1.66

5.43±3.04

0.971

NLR

NLR: neutrophil-to-lymphocyte ratio
TABLE 3. Comparison of thiol/disulfide homeostasis parameters and

NLR values in the patient group with microbial growth and without
microbial growth
With Microbial
Growth (n=19)

Without Microbial
Growth (n=44)

p

Native thiol (μmol/L)

363.40±108.19

423.33±100.96

0.048

Total thiol (μmol/L)

400.23±98.99

467.28±104.56

0.020

Disulfide (μmol/L)

25.42±11.20

25.51±13.01

0.978

Disulfide/native thiol

0.082±0.059

0.063±0.035

0.191

Disulfide/total thiol

0.069±0.041

0.054±0.026

0.163

Native thiol/total thiol

0.895±0.089

0.906±0.059

0.610

5.80±1.33

5.25±2.62

0.277

NLR

NLR: neutrophil-to-lymphocyte ratio

DISCUSSION
There is an increase in the production of pro-inflammatory cytokines associated with increased oxidative stress mediators
in many diseases where inflammation is in the forefront. Thiol/
disulfide homeostasis is also one of the oxidative stress markers
(19). Thiol/disulfide homeostasis plays a significant role in detoxification, signal transduction, apoptosis, and the regulation
of enzyme activities. Disturbance in the thiol/disulfide balance
plays a part in the development process of many inflammatory diseases such as diabetes mellitus, cardiovascular diseases,
rheumatoid arthritis, chronic renal failure, cancer, and Alzheimer’s and Parkinson’s (20-22). The NLR is a systemic inflammation parameter that is being investigated to be used in the diagnosis of inflammatory and infectious conditions. It is an indicator
with a predictive value in the conditions that cause inflammation, especially bacterial infections (23, 24).
Changes in thiol/disulfide homeostasis have been investigated in some studies, especially with regard to infections, in the
literature (25, 26). We found that the NLR was also investigated
in the infection setting in medical literature (24, 27). A correlation between the NLR and UTI was detected in a study by Han
et al. (28). Similar results were found in the study by Lee et al.
(29). In our study, NLR values were significantly higher in the
group with UTI compared to the control group, consistent with
the literature.
In our literature review, we could not find any studies investigating the relationship between thiol/disulfide homeostasis and
a UTI infection. Our study was, to the best of our knowledge,
the first one that investigated this relationship in the literature.
Disulfide/native thiol and disulfide/total thiol average values
were found to be significantly higher in the patient group with
UTI compared with the control group; contrary to this, native thiol and total thiol average values were found to be significantly
lower. This result is in line with the studies in the literature showing the increase of thiol/disulfide homeostasis parameters in
cases of infection and inflammation (30).
Disulfide, disulfide/native thiol, and disulfide/total thiol average
values were detected as significantly high in the group with high
temperature compared to the group without temperature. As
for native thiol and native thiol/total thiol average values, they
were detected as significantly low. No significant difference
was observed between the two groups regarding the NLR. This
result was deemed compatible with the low thiol-to-disulfide
ratio, as shown in the studies that were made in conditions with
inflammation (25, 31).
A direct correlation between the NLR and bacterial infections
was shown by some studies (32, 33). Sarier et al. (34) stated that
they found the culture positivity at approximately 30% in their
study in patients with urethral stent, and they detected a significant correlation between increasing the duration of stent and a
high NLR. The culture positivity was found similarly at approximately 30% in our study too, but no significant correlation between the NLR and culture positivity was detected. Regarding
thiol/disulfide parameters, only low native and total thiol values
were found to be significant in the group with microbial growth
in culture. We think that the inflammation degrees may be higher
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in bacterial infections (35, 36), but in our study, a low number of
patients with microbial growth in culture might be the reason
for our results.
We think that studying thiol/disulfide homeostasis parameters
together with the NLR may be diagnostically useful in UTI diagnosing, and more large-scale studies with a higher number
of cases are needed in this respect. In our study, the gender
distribution is not compatible with the literature, and this can
be explained by the low number of our patient population.
We could not find any studies investigating UTI and NLR and thiol/disulfide homeostasis together in the literature. To the best of
our knowledge, our study is the first one in this respect.
Ethics Committee Approval: Ethics committee approval was received for
this study from the Ethics Committee of Ankara Yıldırım Beyazıt University
School of Medicine (Approval Date: 07.05.2018, Approval Number: 104).
Informed Consent: Informed consent was obtained from the patient
who participated in this study.
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