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“Department of Pediatrics, Gazi University Medical Faculty, Ankara, Turkey

Objective: Thiol-disulphide homeostasis (TDH) has a critical role in various clinical disorders. We aimed to
assess the association of TDH with acute tonsillopharyngitis (AT) in children.

Methods: This study included 94 (73 viral and 21 bacterial) tonsillopharyngitis patients and 88 control
children. Their native thiol, total thiol, and disulphide levels were measured.

Results: Viral and bacterial tonsillopharyngitis patients had lower native thiol levels compared with healthy
children (P < 0.001 and P=0.008, respectively). Both groups had lower total thiol levels compared with
control children (P=0.002 for viral, P=0.011 for bacterial). The disulphide levels were lower in bacterial
than in viral tonsillopharyngitis patients (P= 0.04), and there was a significant difference between viral
tonsillopharyngitis patients and the control group (P < 0.001). The native/total thiol ratio in each patient
group was lower than in the control group (P < 0.001 for viral, P=0.017 for bacterial). The disulphide/
native thiol and disulphide/total thiol ratios were significantly higher in viral (P < 0.001 for both) and
bacterial tonsillopharyngitis patients (P=0.017 for both) than in healthy children. In all patients,
a correlation was found between the levels of C-reactive protein (CRP) and native thiol (r=—-0.211, P=
0.04), CRP and total thiol (r=—0.217, P=0.036), white blood cell (WBC) and native thiol (r=—0.228, P=
0.002), WBC and total thiol (r=—0.191, P=0.01), and WBC and disulphide (r=0.160, P= 0.03).
Discussion: TDH is altered in AT in children. The alteration is more prominent in viral than in bacterial
tonsillopharyngitis.

Keywords: Acute tonsillopharyngitis, Children, Thiol-disulphide homeostasis

Introduction

Acute tonsillopharyngitis (AT) is an acute infection of
the tonsils and pharynx, with an annual incidence of
600 000 children below 15 years old in emergency
department visits in the United States." Most cases
in childhood are induced by different viruses,
whereas only 15-30% is attributed to group A p-hemo-
lytic streptococcus (GABHS).> In this disease, the
most important concern is to differentiate GABHS
from a viral aetiology to prevent suppurative and non-
suppurative  complications, inappropriate  and
unnecessary use of antimicrobials, and hence increased
expenses; antimicrobial resistance is therefore impor-
tant. Although some discriminative signs and

symptoms of streptococcal tonsillopharyngitis have
been noted, the clinical findings usually overlap;
thus, physicians are constrained to laboratory confir-
mation for accurate diagnosis.

Throat culture and rapid antigen detection test are
among the diagnostic methods for GABHS tonsillo-
pharyngitis.> However, because these two methods
have some disadvantages, other diagnostic markers,
such as white blood cell (WBC) count, erythrocyte
sedimentation rate, and C-reactive protein (CRP)
and procalcitonin levels, have been used to increase
the diagnostic accuracy in detecting GABHS positiv-
ity. Nevertheless, some studies have shown uncertain-
ties in the accuracy of these markers in determining
streptococcal tonsillopharyngitis infection.*”’
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In infectious diseases, it has been shown that various
inflammatory cells are activated, and reactive oxygen
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species (ROS) are produced to fight against intra- and
extracellular microbes.® This leads to increased poten-
tial antioxidant capacity and free radical pro-
duction.” ' Thiols are among the mercaptans with
sulthydryl residues, which have a pivotal role in coor-
dinating the antioxidant defense network.'> Oxidants
lead thiols to undergo oxidation reaction and form dis-
ulphide bonds.” In case of oxidative stress, cysteine
residues are oxidized and reversible mixed disulphides
are formed between low-molecular mass thiols and
protein thiol groups. Disulphide bonds can again be
reduced to thiol groups. In this way, thiol-disulphide
homeostasis (TDH) is maintained.'* Intracellular
and extracellular thiols form the total thiols, which
consist of either free-form or reduced glutathione or
are bound to proteins, which is mainly albumin in cir-
culation.'® Total thiol includes both reduced and oxi-
dized thiols, whereas native thiol indicates only the
reduced thiol (SH). TDH has been recently shown to
play a critical role in various clinical disorders, such
as myocardial infarction'®!” and hyperemesis gravi-
darum'®, but not in infections.

This study aimed to assess the association of TDH
with AT in children.

Materials and methods
Study design
This study was approved by the local ethics committee
(Erzurum Regional Training and Research Hospital
ethical committee), and informed consent forms were
obtained from the legal guardians of the participants.
A total of 94 tonsillopharyngitis patients with compa-
tible symptoms, physical examination, and laboratory
findings, and 88 age- and gender-matched control chil-
dren, without any apparent infection, cardiovascular
disease, cancer, kidney disease, liver disorder, diabetes,
or rheumatologic disorder, were included in the study.
The tonsillopharyngitis diagnosis was determined
by paediatric infectious diseases fellows. The discrimi-
nation between bacterial and viral aetiology was made
by the help of patients’ clinical properties and bac-
teriological and laboratory methods, based on the
guideline of the Infectious Diseases Society of
America.” Hemogram, CRP tests, and throat culture
were carried out for the patients and control children.

Sample collection

The blood samples were collected in plain tubes, and
serum was separated after centrifugation at 1500 x g
for 10 minutes and stored at —80°C until analysis.
The total thiol content of the sample was measured
with the help of a modified Ellman reagent. Half of
the difference between the total and native thiols pro-
vided the dynamic disulphide amount. After the deter-
mination of the native thiol and disulphide levels, the
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disulphide/thiol ratio was calculated as previously
described by Erel and Neselioglu.”

Statistical analyses

Statistical analyses were carried out with the SPSS
Statistics for Windows, version 17.0 (SPSS Inc.,
Chicago, USA). The normality of the distribution of
variables was determined by the Kolmogorov—Smirnov
test. The results are presented as means + SD or
medians (min—-max) according to the normal distri-
bution. Differences among groups were analysed by
using the ANOVA post hoc LSD or Kruskal-Wallis
test and Mann—Whitney U tests. A P value lower than
0.05 was regarded as statistically significant.
Spearman’s rank correlation was applied to test the cor-
relation among the results in the study groups.

Results

Of the 94 patients studied, 73 (77.7%) had viral and 21
(22.3%) had bacterial (GABHS) tonsillopharyngitis.
No other bacterium was found. The ages of the par-
ticipants ranged from 36 to 204 months for viral ton-
sillopharyngitis patients, 55 to 203 months for
bacterial tonsillopharyngitis patients, and 36 to 192
months for healthy children. Males accounted for 36
(49.3%) of the viral tonsillopharyngitis patients, 11
(52.4%) of the bacterial tonsillopharyngitis patients,
and 44 (50%) of the control children. Table 1 shows
the CRP and WBC levels obtained. The levels of the
inflammatory markers WBC (P =0.014) and CRP
(P < 0.001) were higher in bacterial than in viral ton-
sillopharyngitis patients. All patients had higher
WBC counts and CRP levels compared with the
control children (Table 1).

Both viral and bacterial tonsillopharyngitis patients
had lower native thiol values compared with the
control children (P <0.001 and P =0.008, respect-
ively) (Fig. 1). Also, both patient groups had lower
total thiol values compared with the control children
(P = 0.002 for viral tonsillopharyngitis, P = 0.011 for
bacterial tonsillopharyngitis). No significant differ-
ence in native and total thiol levels was found
between viral and bacterial tonsillopharyngitis
patients. The disulphide levels were significantly differ-
ent among the three groups, with bacterial tonsillo-
pharyngitis patients having lower serum disulphide
levels compared with viral tonsillopharyngitis patients
(P =0.04) (Fig. 2). The difference between the viral
infection patients and the control children was also sig-
nificant (P < 0.001).

The native/total thiol ratio was significantly lower
in each patient group than in the control children
(viral tonsillopharyngitis, P < 0.001; bacterial tonsillo-
pharyngitis, P = 0.017). This ratio was not statistically
significantly different between viral and bacterial ton-
sillopharyngitis patients. The disulphide/native thiol
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Table 1 The laboratory values of the patients and control children

Viral tonsillopharyngitis

Bacterial tonsillopharyngitis Control children

(n=73) (n=21) (n=288)
CRP values” [Median (min-max)] 19.1 (0.5-212)2° 40.4 (7.0-264.1)° 2.9(0.5-11.4)
White blood cell counts* [Median 10.9 (3.2-29.4)>° 16.0 (9.3-25.1)° 7.9 (3.4-13.0)

(min—max)]

min, minimum; max, maximum.

* In thousands.

# Normal values range between 0 and 5 mg/dl.

2P =0.014 compared with bacterial tonsillopharyngitis.
bP < 0.001 compared with control.

°P < 0.001 compared with bacterial tonsillopharyngitis.

and disulphide/total thiol ratios were significantly
higher in the viral (P < 0.001 for both) and bacterial
tonsillopharyngitis groups (P = 0.017 for both) than
in the control children (Fig. 3). These ratios were not
statistically significantly different between viral and
bacterial tonsillopharyngitis patients.

A negative correlation was found between the levels
of CRP and native thiol (r = —0.211, P =0.04) and
those of CRP and total thiol (r = —0.217, P =0.036)
in all tonsillopharyngitis patients. Also, there was a
correlation between the levels of WBC and native
thiol (r = —0.228, P = 0.002), WBC and total thiol (r
=—0.191, P=0.01), and WBC and disulphide (r =
0.160, P = 0.03) (Table 2).

Discussion

In the present study, the disulphide/native thiol and
disulphide/total thiol ratios were found to be signifi-
cantly higher in children with tonsillopharyngitis. To
the best of our knowledge, this is the first investigation
on the correlation between TDH and AT in children.
Thiols are found in all body cells. In an oxidizing
environment, these endogenous molecules contribute
aerobic cells to maintain their reducing state.”” Some
molecules, such as free cysteine, glutathione, and
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Figure 1 Native thiol levels by infection type. Control

children had higher native thiol values than both viral and
bacterial tonsillopharyngitis patients.

cysteine residues in proteins, contribute to blood
total thiols.”! Thiols are protective against damage
induced by free radicals. Both the intracellular and
extracellular redox states of thiols play a critical role
in the determination of protein structure and function,
the regulation of enzymatic activity of transcription
factors, and antioxidant protection.”® In the current
study, the native and total thiol levels were found to
be lower in both patient groups than in healthy chil-
dren. This may indicate that the levels of thiol-contain-
ing proteins or other molecules decreased.
Furthermore, the native/total thiol ratio was found
to be lower in each patient group than in the controls.
The decreased thiol levels may be indicator of oxi-
dative stress in these patients.

Previous studies have shown that WBC and CRP
may not be sensitive enough to distinguish bacterial
from viral infection in febrile children®?; however,
our results revealed higher CRP levels in bacterial
than in viral tonsillopharyngitis patients. Further,
each patient group had higher CRP levels compared
with healthy children. Additionally, this study
showed that the native and total thiol levels were nega-
tively correlated with the CRP levels in tonsillophar-
yngitis patients. This result may indicate that thiol
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Figure 2 Disulphide levels by infection type. Viral
tonsillopharyngitis patients had higher serum disulphide
levels than bacterial tonsillopharyngitis patients.
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Figure 3 Disulphide/native thiol ratios by infection type. The
disulphide/native thiol ratio was higher in the viral and
bacterial tonsillopharyngitis patients than in the control
children.

levels decrease due to inflammation. Infection markers
are used widely, and CRP has been an important
marker in AT as in most of the infections.® In the diag-
nosis of GABHS pharyngitis, RADT and/or throat
culture remains the gold standard diagnostic
method.® However, culture is a time-consuming pro-
cedure, and the cost-effectiveness of RADT is still
uncertain, especially in low-resource settings.’
Measurement of the CRP level has been suggested to
increase the diagnostic accuracy in the detection of
GAS-positive patients when RADT is not available.’
Conversely, Alper et al.? showed that leukocytosis
(=10 000/ml) and CRP positivity were more preva-
lent in throat culture-negative than in GABHS-posi-
tive children. In our study, the WBC counts were
higher in bacterial than in viral tonsillopharyngitis
patients. Further, all tonsillopharyngitis patients had
higher WBC counts compared with the control sub-
jects. Our analysis also showed a correlation in that
both the native and total thiol levels decreased and
the disulphide levels increased in tonsillopharyngitis
patients when the WBC counts increased. This
finding supports the antioxidant function of TDH in
infectious oxidative stress conditions.

Humans have various antioxidant defense systems
to overwhelm the uncontrolled production of ROS,
including both enzymatic (catalase, superoxide

Table 2 Spearman’s correlation analysis of native thiol, total
thiol, and disulphide values

Parameter Native thiol Total thiol Disulphide
rvalue Pvalue rvalue Pvalue rvalue Pvalue

CRP —-0.264 <0.001* —0.266 <0.001* 0.043 0.56

WBC —-0.228 0.002* -0.191 0.01* 0.160 0.03*

CRP, C-reactive protein; WBC, white blood cell count.
* Statistically significant.
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dismutase, and glutathione peroxidase) and non-enzy-
matic [vitamin A (carotenoids), vitamin E (a-toco-
pherol), vitamin C (ascorbic acid), reduced
glutathione (GSH), selenium, and uric acid) com-
ponents against the effects of ROS.**** Increased
ROS has been shown to be associated with infectious
diseases, such as hepatitis, influenza, HIV, and septic
shock, as well as some noninfectious diseases.”?
Numerous studies have previously shown that the
plasma levels or the activities of total peroxide, malon-
dialdehyde, serum paraoxonase, and arylesterase were
significantly lower in patients with infections, such as
osteomyelitis, sepsis, tuberculosis, brucellosis, and
hepatitis B, compared with healthy controls.®>>~
Also, in AT patients, the levels of malondialdehyde,
reduced glutathione, p-carotene, retinol, a-tocopherol,
and ascorbic acid were found to be lower compared
with control subjects.>* Further, Cemek et al. reported
the antioxidant activities shown by erythrocyte super-
oxide dismutase and glutathione peroxidase, serum
catalase, ceruloplasmin, albumin, and total bilirubin
in children with acute tonsillitis.*’

Similarly to our study, previous works have shown
that native thiol levels decrease in oxidative stress due
to infections, such as brucellosis and Crimean-Congo
haemorrhagic fever.®*° Native thiol groups are among
the main antioxidant components of serum and
prevent tissue damage by reacting with free oxygen rad-
icals and lipid peroxides and by neutralizing these mol-
ecules. Our study is the first investigation to show a
correlation between TDH and an infection in children.

Erel et al. found that plasma disulphide levels were
higher in patients with degenerative diseases, such as
smoking, diabetes, obesity, and pneumonia, were
lower in patients with proliferative diseases, such as
multiple myeloma, urinary bladder cancer, colon
cancer, and renal cancer. Also, aggressive-growing
tumours have been shown to have the lowest disul-
phide levels, whereas slow-growing ones had subnor-
mal values.'” In the present study, viral
tonsillopharyngitis patients had lower disulphide
levels compared with both bacterial tonsillopharyngi-
tis patients and healthy children. This is a defense
mechanism. Oxidative stress increases in viral infec-
tions, and thiols augment the severity of viral infec-
tions. Thiols prevent viruses from attaching to
cellular receptors. Whenever the level of thiols
decreases, the level of disulphides increases and
viruses are prevented from attaching to the receptors.
Increases in plasma and lymphocyte disulphide levels
have been previously shown in AIDS patients, simi-
larly to our study.’' Further, bacterial infections,
with the help of oxidative enzymes, such as myeloper-
oxidase and NADPH oxidase in granulocytes,
produce oxidizing molecules. In this way, as the thiol
levels decrease, the disulphide levels increase.



One limitation of this study is that, despite the selec-
tively performed throat cultures and high levels of
acute phase reactants in the bacterial group, whether
or not the results of the throat cultures are real infec-
tions or carrier states may never be known. These
results were regarded as bacterial infection due to clini-
cal conviction. Also, the disulphide/thiol ratios were
not compared with other oxidative stress markers,
such as total peroxide, malondialdehyde, serum para-
oxonase, and arylesterase, among others.

In conclusion, TDH is both altered and shifts to the
left, oxidized side in patients with AT. The alteration is
more prominent in viral than in bacterial tonsillophar-
yngitis, possibly due to the presence of a host defense
mechanism or as a secondary occurrence to pathoge-
netic mechanisms exerted by the infection.
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