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Abstract

Objective: The aim of the study was to examine bacteriological profile of recurrent
tonsillitis, and assess the association between Streptococcus pyogenes infection, anti-
streptolysin O (ASO) levels, and cytokine gene polymorphisms (IL-10 and TNF-
a).Methods: This study involved 100 participants, i.e., 50 patients with recurrent
tonsillitis and 50 healthy controls. Bacteriological culture and identification were
done on throat swab samples. Serum ASO was determined serologically by standard
procedures. Genotype of IL -10 ( -1082 G/A) and TNF- ( -308 G/A) was done by
molecular methods. These were statistically analyzed to compare the groups and
evaluate correlations between the variables. Results: Bacteriological tests showed
that 76% of the patient samples were culture-positive, and Streptococcus pyogenes
was the most common isolate (63.2%). The level of ASO was markedly elevated in
the patient group as compared to the control group with mean levels of 356.8 £ 120.5
[U/mL and 112.4 +48.7 IU/mL respectively (p < 0.05).Genetic analysis showed that
there was increased prevalence of IL-10 AA genotype (low producer) and TNF- alpha
AA genotype (high producer) in patients. Strong correlation between TNF-alpha
polymorphism and disease susceptibility was found whereby there was an increased
prevalence of the A allele of TNF-a in the patients. Correlation analysis revealed that
TNF-alpha polymorphism was positively associated with ASO levels (r = +0.46) and
IL-10 polymorphism was negatively associated with ASO levels (r = -0.39) and both
these were statistically significant (p < 0.05).Conclusion: Recurrent tonsillitis is
clearly linked to persistent infection with Streptococcus pyogenes, high levels of anti-
streptolysin O (ASO) as well as to polymorphisms of the genes coding for cytokines.
The results indicate that, the allelic variation in immune-response genes might be
associated with susceptibility to recurrent tonsillitis and the immune response to
streptococcal infection, because these are more common in patients. These results
point to the need to consider bacteriological, immunological and genetic parameters
in explaining the mechanisms of recurrent tonsillitis and could help to develop novel

diagnostic and therapeutic strategies.
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Pe3rome

Lenp: n3yueHue 6aKTEpUOIOTHUECKOT0 NPOGUIIs PEIUANBUPYIONIETO TOH3WILIUTA U
OIICHKa CBSI3W MeEXay wuHpeknmer  Streptococcus pyogenes,  ypoBHSIMHU
antuctpentoiauzuna O (ACO) u noaumopduzmamu reHoB TUTOKUHOB (1L-10 1 TNF-
o). Meroapl: B ucciaenoBannm Ot o6ciaegoBanbl 100 genoBek: 50 manyeHTOB C
PEUUANBUPYIOMIMM TOHZWUITUTOM U 50 3I0pOBBIX JHUI[ KOHTPOJBHOW TPYMIIHI.
bakTepuonoruueckoe KyJbTUBUPOBaHHE W UACHTU(UKAIMS TMPOBOAWINCH Ha
MaTepuane o0pa3oB Ma3koB u3 ropia. YpoBeHb ACO B CHIBOPOTKE OMPEAEIISICS
CEpPOJIOTUYECKU CTaHAapTHBIMKU MeToaaMu. I 'enotunuposanue IL-10 (-1082 G/A) u
TNF-a (-308 G/A) mpoBoaniIocs MOJEKYISPHBIMA METOJAaMH. Pe3ynbraTsl ObUTH
CTaTHUCTUYECKU MPOAHATU3UPOBAHBI ISl CPABHEHHS TPYII U OLIEHKH KOPPEISIHiA
MEXly IepeMeHHbIMU. Pe3ynbTaThl: Bakrepronoruueckue TecTsl HoKa3anu, yTo 76%
00pa3IoB MalMEHTOB OBLIM TMOJIOKUTETBPHBIMA TIO JAHHBIM KYJbTHUBHPOBAHUSA, C
oOHapysxeHuem Streptococcus pyogenes (63,2%) kak HanOosiee pacpoCTpaHEHHOTO
n3onara. YpoBeHb ACQO Obul 3HAUWTENBHO MOBBIIEH B TPYyNIe MAMEHTOB IO
CPaBHEHMIO C KOHTPOJIEM, IIPU CpeHUX 3HadyeHusx 356,8 + 120,5 ME/mnu 1124 +
48,7 ME/mn cootBerctBeHHo (P < 0,05). T'enernueckuii aHaau3 OOHAPYKHI
MOBBIIEHHYI0 pacnpocTpaHeHHOCTh TeHoTuma I1L-10 AA (Hu3KHil ypOBEHBb
npoaykuun) U renotuna TNF-o AA (BbICOKMIT ypOBEHb MPOAYKIMH) Y MALUEHTOB.
OtMmeueHa cuibHas Koppensamus mexay nomumopdusmom TNF-o (ToBbieHHAs
paclpoCTpaHEHHOCTh ayienss A) W TPeApacloyioKeHHOCThIO K 3a00JI€BaHHIO Y
nanueHToB. KoppensaiuoHHbsld aHaiM3 Mokasan jgocroBepuyro  (p < 0,05)
MOJIOKUTENBHYIO U OTPULIATENIbHYIO0 KOppeNuio Mexay noiumoppuzmom TNF-a ¢
ypoBusimu ACO (r = +0,46), a Takxke nonmumopduzmom IL-10 ¢ yposuasimu ACO (r =
-0,39) coorBeTcTBeHHO. BBIBOI: PeininBUpYOLINI TOH3UUTUT BBIPAXKEHHO CIEIIJIEH
¢ mnepcuctupymomeid uHdekiueir Streptococcus pyogenes, BHICOKUMHU YPOBHSIMHU
aatuctpentoiuzuaa O (ACO), a Takxke ¢ moauMop(u3MaMu T€HOB, KOJIUPYIOIINX
IIUTOKWHBI. Pe3ynbTaThl yKas3plBalOT HA TO, YTO aJljIeibHAs Bapwalus B TEHaX

HMMYHHOI'O OTBE€TAa MOKCET OBITH CBSI3aHA C npeaApacnoja0KCHHOCTBIO K
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PEUUANBUPYIONIEMY TOH3WIJIUTY M UMMYHHBIM OTBETOM Ha CTPENTOKOKKOBYIO
UH(EKINIO, KaK 3TO Yallle 0OHapy)uBaeTcs y nanueHToB. [lomydeHHble pe3ynbTaThl
YKa3bIBaIOT HAa HEOOXOIUMOCTh y4eTa 0AKTEPUOJIOTHYECKUX, UMMYHOJIOTUYECKUX U
FeHETUYECKUX MapaMeTpoOB TPU  OLIEHKE MEXaHU3MOB PEIUAUBUPYIOIIETO
TOH3WUTUTA M MOTYT CIOCOOCTBOBAaTh pPa3pabOTKE HOBBIX TUATHOCTUYECKHX U

TCPAIICBTUYICCKUX ITIOAXOJ0B.

KuarueBble cjioBa: PennauBupyronmii TOH3WUIUT, Streptococcus pyogenes, ACO,

IL-10, TNF-a, [Tomumopdusmsl.
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1 Introduction

Recurrent tonsillitis is a not uncommon clinical diagnosis that is the recurrent
inflammation of the palatine tonsils that causes a lot of morbidity in children as well as
adults 1. The etiological agents that are thought to be the most significant bacterial
pathogens in both acute and recurrent infections include the B-hemolytic streptococci
and in particular the Streptococcus pyogenes (Group A Streptococcus) 2. These bacteria
have a great diversity of virulence factors that make it possible to colonize, evade the
immune response, and maintain a persistent infection of the tonsillar tissue 3 .Host
immune response is important in defining the result of streptococcal infections “.
Mediators of this response include cytokines, and a delicate balance between pro- and
anti-inflammatory signals is crucial to successful clearance of pathogen without
causing too much tissue injury °. Tumor necrosis factor-alpha (TNF-a) is a big pro-
inflammatory cytokine, which is linked to the activation of immune cells and the
induction of inflammation, and interleukin-10 (IL-10) is an anti-inflammatory
cytokine, which downregulates immune responses and restrains tissue damage °.1t has
been demonstrated that genetic variations, especially single nucleotide polymorphisms
(SNPs) in cytokine genes like IL-10 and TNF- are associated with the levels of cytokine
production and patterns of immune responses ’. The polymorphisms can be related to
personal vulnerability to frequent infections by changing the capacity of the host to
regulate the bacterial colonization and inflammation®.Moreover, the anti-streptolysin
O (ASO) titer is a popular serological marker of recent or former infection with
streptococci °. Higher ASO levels can be common to patients with repeated tonsillitis,
which represents repeated exposure to streptococcal antigens and continuous immune
stimulation 1°.Although there has been progress in the study of immunopathogenesis
of tonsillitis, the interplay between bacterial factors, host genetic polymorphism, and
immune responses is not fully understood!!. Thus, the given study is going to examine
the correlation between hemolytic streptococci found in patients with recurrent
tonsillitis, IL-10 and TNF-alpha gene polymorphism, and the ASO immune response

to further clarify the immunogenetic mechanisms of disease recurrence. In the present
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study, polymorphisms of IL-10 and TNF-a were selected because of their known
effects on pro-inflammatory and anti-inflammatory immune responses to bacterial
infections. Particularly, the IL-10 (-1082 G/A) and TNF-a (-308 G/A) variants are
some of the most widely studied cytokine gene polymorphisms, which have been
linked to inter-individual variation in the susceptibility to infectious and inflammatory
diseases. Such promoter-region polymorphisms have been shown in previous studies
to be related to the transcriptional activity of genes and thus, indirectly, to host immune
responsiveness. It should be noted, however, that the genetic variants do not necessarily
relate to the amount of cytokine produced by individual subjects,which require separate
functional assessment. Therefore, the current study aimed to investigate whether these
polymorphisms are associated with recurrent tonsillitis susceptibility and ASO
responses rather than to measure cytokine expression or circulating cytokine
concentrations directly.
2 Materials and Methods
Study Design and Population
The case-control study aimed to examine the relationship between bacteriological
results, immunogenic aspects, and immune response in recurrent tonsillitis patients.
The research was carried out in the Department of otolaryngology, the teaching hospital
of Ramadi during the period spanning between January 2025 and June 2025..Five
hundred (50 patients who were clinically diagnosed with recurrent tonsillitis were
recruited. The diagnosis was made through clinical examination by an
otolaryngologist, with reported history of recurrent tonsillar inflammation. These
patients were matched with a control group of (50) seemingly healthy people, who had
no history of recurrent tonsillitis, or recent infection of the upper respiratory tract. The
patient group was matched with the control group in regard to age and sex to reduce
the chances of confounding factors. Recurrent tonsillitis was characterized based on
the accepted clinical criteria as that having three to five or more tonsillitis episodes per
year at least one year.

Fifty patients aged 10—20 years were clinically recruited with recurrent tonsillitis. The
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control group included 50 apparently healthy people of the same age group (25-40
years) with no previous history of recurrent tonsillitis and no upper respiratory tract
infection within the last 10 days. The participants of both groups were chosen based on
the inclusion and exclusion criteria of the study. Recurrent tonsillitis was defined as
having 3-5 or more episodes of tonsillitis annually for at least one year.
Ethical approval
Before the study started and sample collection, the Scientific Study Ethics Committee,
University of Anbar, Ministry of Higher Education and Scientific Research approved
it (Approval No. 188). All the participants signed a written informed consent and
confidentiality and privacy were strictly maintained throughout the study.
Inclusion criteria for patients included:
. Individuals of both genders within a defined age range (specify if needed)
« Clinically confirmed recurrent tonsillitis
« No antibiotic therapy within the last two weeks prior to sample collection
Exclusion criteria included:
« Patients with acute tonsillitis without recurrence
- Individuals who had received antibiotics within two weeks prior to sampling
. Patients with a history of tonsillectomy
« Individuals under immunosuppressive therapy
Sample Collection
Two types of samples were collected from each participant:Throat swabs: collected
aseptically from the tonsillar surface using sterile cotton swabs for bacteriological
analysis.,Venous blood samples (5 ml): 2 ml in EDTA tubes for DNA extraction
and3 ml in plain tubes for serum separation to measure ASO levels
Bacteriological Examination
Sterile cotton swabs were used to collect throat swab samples on the tonsillar surface
and posterior pharyngeal wall avoiding salivation contamination. All the swabs were
taken directly to the microbiology lab and processed as soon as possible.Specimens

were inoculated on 5% sheep blood agar plates and incubated aerobically at 37 C 24-
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48 hours. Following incubation, the plates were thoroughly explored in terms of
bacteria growth, colony morphology and hemolytic patterns.Special focus was put on
the colonies with B-hemolysis, which has distinct zone of complete hemolysis around
the colonies. Further identification of these colonies as presumptive hemolytic
streptococci was done.
Identification of Hemolytic Streptococci
« Gram Staining:
« Smears were prepared and stained using Gram’s method. Hemolytic streptococci
appeared as Gram-positive cocci arranged in chains under the microscope.
- Catalase Test:
« The catalase test was performed using hydrogen peroxide. Streptococci are catalase-
negative, which helps differentiate them from catalase-positive organisms such as
staphylococci.
« Bacitracin Sensitivity Test:
. Isolates were tested for sensitivity to bacitracin (0.04 U disc). A zone of inhibition
around the bacitracin disc indicated susceptibility and was considered suggestive of
Group A p-hemolytic Streptococcus (Streptococcus pyogenes).
Measurement of ASO Titer
Serum levels of anti-streptolysin O (ASO) were determined as a marker of recent or
past infection with B-hemolytic streptococci. Venous blood samples were collected
from all participants under aseptic conditions and allowed to clot at room temperature.
The samples were then centrifuged at 3000 rpm for 10 minutes to separate the serum,
which was aliquoted and stored at —20°C until analysis. ASO titers were measured
using a commercially available latex agglutination kit (Linear Chemicals S.L.,
Barcelona, Spain), following the manufacturer’s instructions.
Latex Agglutination Method
The latex agglutination test was performed using a commercially available ASO Latex
reagent kit (Linear Chemicals S.L., Barcelona, Spain). Briefly, serum samples were

mixed with latex particles coated with streptolysin O antigen on a glass slide. The
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mixture was gently rotated, and visible agglutination was observed within the specified
reaction time according to the manufacturer's instructions. A positive agglutination
reaction indicated elevated ASO antibody levels. Semi-quantitative estimation was
performed by serial dilution of serum samples to determine the approximate ASO titer.
NA Extraction and Genotyping
Genomic DNA was extracted from peripheral whole blood samples collected in EDTA
tubes using a commercially available DNA extraction kit (Geneaid Genomic DNA
Mini Kit, Geneaid Biotech Ltd., New Taipei City, Taiwan) according to the
manufacturer's instructions. Briefly, blood samples were subjected to cell lysis using a
lysis buffer containing detergents and proteinase K to ensure complete disruption of
cellular membranes and proteins. This was followed by DNA binding to a silica-based
membrane, washing steps to remove contaminants, and final elution of purified DNA
in an appropriate buffer. The concentration and purity of the extracted DNA were
assessed using a spectrophotometer.
Detection of Gene Polymorphisms
Genotyping of IL-10 and TNF-a gene polymorphisms was performed using the
Polymerase Chain Reaction (PCR) technique. Specific primers targeting the selected
single nucleotide polymorphisms (SNPs) were used for amplification.
The PCR reaction mixture (total volume typically 20-25 uL) consisted of:
« Genomic DNA template
« Forward and reverse primers
« PCR master mix (containing Taq DNA polymerase, dANTPs, MgCl., and buffer)
« Nuclease-free water
PCR amplification was carried out in a thermal cycler under optimized cycling
conditions, including:
« Initial denaturation at 94-95°C for 3—5 minutes 30-35 cycles of:
o Denaturation at 94—95°C for 30 seconds
o Annealing at (specific temperature depending on primers) for 30-60 seconds

o Extension at 72°C for 30-60 seconds
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« Final extension at 72°C for 5-10 minutes
Genotyping Methods
Following PCR amplification, genotyping of SNPs was performed using one of the
following methods:
1. PCR-Restriction Fragment Length Polymorphism (PCR-RFLP)
PCR products were digested using certain restriction enzymes, which matched each
SNP site. The mixtures of the digestions were incubated at the correct temperature of
the enzyme utilized. These fragments could be separated using agarose gel
electrophoresis stained with ethidium bromide or a bromide-free safer stain and
viewed under UV light.
Targeted Polymorphisms
The following cytokine gene polymorphisms were studied.:
1-1L-10 gene:(1082 G/A, 819 C/T, 592 C/A)
2-TNF-a gene: (308 G/A)
Statistical Analysis
All the information derived in the current study was entered, coded and analyzed using
Statistical Package of Social Sciences (SPSS) version (26). Regression and inferential
statistics were used to test the association between bacteriological results, cytokine
gene polymorphisms and ASO levels in children with recurrent tonsillitis. Mean was
utilized to express continuous variables with standard deviation (SD) and frequencies
and percentages were used to offer the data concerning categorical variables. The Chi-
square test was used to test deviations and associations in the distribution of genotypes
and alleles of IL-10 and TNF-alpha polymorphism among study groups.The Student t-
test of two groups or the one- way analysis of variance (ANOVA) of two or more
groups, respectively were used to compare the means of the values between the groups
In cases where needed, post hoc tests were used to determine specific group
differences.
3 Results

1. Demographic Characteristics
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This study involved 100 participants, 50 tonsillitis patients with recurrent tonsillitis and
50 healthy controls.The average age of patients was (25.4 +/- 6.8) years old and that of
the control group was (24.9 +/- 6.5) years old and there was no statistically significant
difference between the two (p > 0.05).In terms of gender distribution, the group of
patients consisted of (28 males, 56) and (22 females, 44) and the group of control
consisted of (26 males, 52) and (24 females, 48). There was no significant
difference between the two groups in gender (p > 0.05) and this shows that
they were matched accordingly. shown figure 1.
Bacteriological Findings
Of the 50 throat swab samples taken from patients with recurrent tonsillitis, 38 (76%)
grew bacteria. Of the positive cultures, 24 (63.2%) were due to Streptococcus
pyogenes, while the rest were from other bacterial species. All the S. pyogenes isolates
had typical microbiological characteristics, such as complete 3-hemolysis on 5% sheep
blood agar, Gram-positive cocci in chains, catalase-negative and bacitracin-sensitive,
that confirmed their presumptive identification as group A B-hemolytic streptococci.
Figure 2 shows the distribution of culture positive samples and bacterial isolates.
ASO Levels
The level of serum ASO was observed to be considerably greater in patients with
recurrent tonsillitis than in the healthy control group. shown figure 3.
* The mean ASO level in patients was (356.8 + 120.5 TU/mL)
* The mean ASO level in controls was (112.4 +48.7 [U/mL)
The two groups were statistically different (p < 0.05)
Genotype Distribution of IL-10 and TNF-a,
There were significant differences between patients with recurrent tonsillitis and
healthy controls in terms of IL-10 and TNF-alpha gene polymorphism.
IL-10 Polymorphisms
For IL-10 gene polymorphisms (—1082 G/A):Out of 26 (52) patients, the AA genotype
(low IL-10 producer) was observed, versus 14 (28) controls. GA genotype was found
among 18 (36) of patients and 22 (44) of controls. The GG genotype (high IL-10
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producer) was less common in patients 6 (12%), than controls 14 (28%),shown figure
4,
TNF-a Polymorphism (—308 G/A)
For TNF-o gene polymorphism: The AA genotype (high TNF-a producer) was
found in 16 (32%0) of patients compared to 6 (12%) of controls, GA genotype was
present in 22 (44%) of patients and 18 (36%b) of controls. The GG genotype was more
common in controls 26 (52%) compared to patients 12 (24%0).,Additionally, the A
allele frequency was higher in patients (54%) than in controls (30%).shown figure 5.
Association Between Genotypes and ASO Levels
Statistically significant correlation between cytokine gene polymorphisms and ASO
titres in recurrent tonsillitis patients were found. The mean ASO level in patients with
AA or GA genotype of the TNF-a (-308) was significantly higher (382.6 + 115.4
IU/mL) than in patients with GG genotype (248.3 +96.7 IU/mL) (p < 0.05). Similarly,
individuals with the IL-10 (-1082) AA genotype showed significantly higher ASO
titers (395.2 £ 118.9 IU/mL) than those with the GA genotype (310.5 = 102.6 IU/mL)
or GG genotype (226.7 = 85.3 TU/mL) (p < 0.05). These results suggest that
polymorphisms of the TNF-a and IL-10 genes are linked to the changes in ASO levels
in patients with recurrent tonsillitis. Since however the concentration of cytokines was
not measured in the present study, no direct conclusion can be made on the influence
of these polymorphisms on the production and/or the concentration of these cytokines.
The distribution of ASO levels according to cytokine gene polymorphisms is
presented in Figure 6.
4 Correlation Analysis
Figure 7 shows the relationship between the gene polymorphisms of TNF-a (-308 G/A)
and IL-10 (-1082 G/A) with ASO titers in the patients with recurrent tonsillitis. A
significant positive correlation was found between the TNF-o polymorphism and ASO
levels (r = +0.46, p < 0.05), where the ASO levels were higher in the presence of the
A allele. However, there was a strong negative correlation between the IL-10
polymorphism and ASO levels (r = —0.39, p < 0.05) and ASO levels decreased with



233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

10.15789/2220-7619-C10-18215
each genotype from AA to GG. From these results, it can be inferred that the
polymorphisms of the genes of TNF-a and IL-10 were correlated with the differences
in the response of ASO in patients with recurrent tonsillitis. In the present study
however, no measurements of cytokine levels were undertaken and so no direct
inferences can be drawn about the production or functional activity of cytokines.
Figure 7 TNF-o and IL-10 gene polymorphisms were associated with variations in
ASO responses among patients with recurrent tonsillitis.
5 Discussion
The current research proved that the age and gender distribution of patients with
recurrent tonsillitis and healthy controls did not have statistically significant
differences (p > 0.05). This result suggests that the two groups were matched suitably,
thus reducing any possible confounding influences of demographic factors on the
research findings. Age is also a significant epidemiological factor in tonsillitis but its
impact is different with the population under study. Though tonsillitis is more common
in children, it is still common in young adults especially those that are in the age bracket
of this study. The fact that the mean age of the two groups was similar indicates that
age did not play a significant part in determining the susceptibility or the immune
response in this group, which further justifies the relevance of the occurrence of
immunological and genetic results in the future 2 .In terms of gender distribution,
the fact that there are no statistically significant differences between patients and
controls is in line with other previous studies that indicated no apparent sex
predominance in tonsillitis. Although some studies have indicated minor differences
between males and females, these differences are generally not consistent and are
usually influenced by environmental or behavioral factors as opposed to biological
predispositioni*1,
Thus, the equal representation of both genders in this study contributes to the
comparability of groups .In particular, when investigating bacterial and immunological
processes, it is essential to control such demographic factors as age and gender. Palatine

tonsils are important lymphoid organs that are at the core of immune response to
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inhaled and oral pathogens, such as Streptococcus pyogenes. The immune response,
such as cytokine production, can be age and hormone-dependent; hence, removing the
demographic bias factor will mean that the differences will be more likely to be caused
by bacterial virulence factors or host immune reaction instead of by external factors
16 Moreover, Group A Streptococcus is a serious pathogen of various ages, such as
adults, and is closely linked to recurrent tonsillitis. This emphasizes the need to
examine adult populations in the study of the relationship between bacterial infection
and immune response mechanisms 217, A high proportion of positive cultures in this
study is in line with the nature of recurrent tonsillitis which is commonly characterized
by persistent or repeated colonization with bacteria and not transient viral infections.
Studies conducted recently have shown that recurrent tonsillar infections are often
associated with chronic bacteria presence, such as biofilm formation, that adds to
bacterial resistance and persistence against host immune response ‘8.Compared to the
recent literature, the B-hemolytic streptococci prevalence in this study (63.2) seems to
be relatively high compared to the prevalence of this trend in various contemporary
studies, Vijayashree et al. have found a prevalence of between 51 and 62 in patients
with acute tonsillitis!®, whereas other studies have reported a prevalence of about 51.4
20 Moreover, there is wider epidemiological evidence that Group A Streptococcus is
the cause of about 5-15 percent of tonsillitis in adults and 15-30 percent in children 2L,
The increased prevalence in the current study can be explained by variations in study
population since only patients with recurrent tonsillitis were studied, which enhances
the chances of isolating genuine bacterial pathogens. Moreover, local and geographical
conditions can also potentially cause changes in the prevalence of bacteria.
Investigations carried out in developing areas have recorded an increase in
streptococcal infections which may be because of population congestion, lack of
medical care and prompt or even incomplete treatment with antibiotics 22.The
microbiological features of this research, such as full 5% sheep blood agar 5% 0.5%
and negative catalase test, and chain-forming Gram-positive cocci are in line with the

typical laboratory identification criteria of Streptococcus pyogenes 2. The results
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indicate the wvalidity of bacteriological methods of identification.Despite the
predominance of B-hemolytic streptococci, it is important to note that recurrent
tonsillitis is often a multifactorial condition. Other bacterial species, such as
Staphylococcus aureus and Haemophilus influenzae, have also been implicated in
recurrent infections and may contribute to disease persistence through polymicrobial
interactions and biofilm formation 824, The high level of ASO is well known as the
evidence of recent or previous streptococcal infection, a demonstration of the host
humoral immune reaction against streptolysin O, an important exotoxin that GAS
generates. The markedly increased ASO levels of the patients in this study indicate the
continued immune stimulation by recurrent infections or permanent colonization of the
tonsillar tissue 2°.
These results are in line with a number of past studies. Indicatively, Steer et al.
indicated a significant increase in ASO titers of persons with recurrent streptococcal
infections relative to healthy populations, highlighting its usefulness in detecting
repeated exposure . Likewise, in a study by Danchin et al. patients with recurrent
tonsillitis tend to have persistently high ASO levels, despite the absence of acute
symptoms, suggesting subclinical or chronic infection 2”.Compared to the other
reported values, the mean ASO level in the present study (356.8 IU/mL) is in the upper
range reported in the literature about tonsillitis cases that recur. The ASO levels of 200-
400 IU/mL have been reported in previous studies in patients with recurrent or chronic
infections of streptococci 2. Conversely, healthy persons would have a significantly
lower ASO titers, usually less than 200 IU/mL as seen in the control group of the
current study (112.4 1U/mL) which corresponds with the existing normal ranges %°.
The large disparity of patients and controls supports the importance of ASO
measurement in diagnosis and epidemiology. It should be noted though that high ASO
levels do not always reflect active infection but again it is due to previous exposure or
immune memory. Thus, it is necessary to consider ASO along with clinical data and
microbiological results to diagnose correctly 2=°, Immunologically, the continued

high levels of ASO can also indicate an inefficient or dysfunctional immune response,
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which is not able to destroy the pathogen completely, thus putting individuals at risk
of repeated infections. This idea is especially applicable to the scenario of the present
paper, where the authors examine the cytokine gene polymorphisms (IL-10 and TNF-
alpha) because their differences can potentially affect the intensity and efficiency of
the antibody response 3L.In short, the highly raised ASO levels in patients having
recurrent tonsillitis confirm the importance of repeated exposure to streptococcal
infections in the pathogenesis of the disease. The results are in line with the past
literature and point to the value of ASO as a helpful serological indicator in assessment
of recurrent tonsillitis, especially when used in conjunction with bacteriological and
immunogenetic information.
past research on cytokine gene polymorphisms in inflammatory and infectious
diseases. A recent report showed that the GG genotype and G allele of IL-10 -1082
were observed with higher frequency in the healthy controls which indicates a possible
protective effect and lower frequencies of this genotype were linked with increased
disease susceptibility 2. On the same note, other researchers have also shown that
genetic variations that influence IL-10 production can be used to control host
susceptibility to chronic or recurrent infections by modulating the balance between the
pro-inflammatory and anti-inflammatory responses 33.Immunologically, the low
frequency of the high-producer GG genotype among patients can be a factor leading to
inappropriate regulation of the presence of inflammation as a response to continued
exposure to bacteria, especially Streptococcus pyogenes. This can lead to recurrent
activation of the immune system and chronic tonsillar inflammation. Conversely, those
who produce IL-10 in greater amounts might be more effective in regulating
inflammatory reactions, which decreases tissue destruction and chances of
reoccurrence 3*.Moreover, the reported genotype distribution substantiates the idea that
the genetic determinants of host factors are important in the determination of individual
susceptibility to tonsillitis recurrence. The polymorphism of cytokine genes, such as
IL-10, has been established to be a critical factor in the variation of immune responses

among the individuals, which has an effect on the course of infection and severity of
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the disease *.It should be noted though that the relationship between IL-10
polymorphisms and disease susceptibility might not be the same in various populations
because of genetic variation, environments and variability of the pathogens. Thus,
although current results are highly indicative of a role of IL-10 —1082 G/A
polymorphism in recurrent tonsillitis, additional large-scale research is necessary to
verify these relationships. Overall, the fact that the AA genotype is the most common
in patients and that the GG genotype is less frequent than the former one suggests that
lesser production of IL-10 could be a factor in predisposing individuals to recurrent
tonsillitis, which is probably caused by the inability to properly regulate the
inflammatory response to bacterial infection. These results are consistent with the
existing research and prove the relevance of immunogenetic variables when it comes
to the pathogenesis of repeated tonsillitis. TNF- alpha is a major pro-inflammatory
cytokine that is a major host defense against bacterial infections, especially
Streptococcus pyogenes. It enhances the recruitment of leukocytes, immune cell
activation and intensifies the inflammatory response. Nonetheless, an overproduction
of TNF-a may cause chronic inflammation and tissue destruction particularly in
lymphoid tissues like palatine tonsils and hence disease recurrence *.The results of the
current study are in line with earlier studies that indicate that the -308 A allele correlates
with transcriptional activity of the TNF-alpha gene leading to an increase in the
production of cytokines . Some studies have indicated that carriers of the A allele or
AA genotype have an exaggerated inflammatory response and this can lead to
predisposition to chronic or recurrent inflammatory conditions *’-3.Comparable pattern
has been found in other infectious and inflammatory diseases which have been studied
recently, where A allele frequency of the disease is significantly greater in the patients
compared to the healthy controls, indicating its nature as a genetic risk factor.
According to a recent meta-analysis, TNF-alpha-polymorphisms, especially at the
negative position (308), are implicated in disease susceptibility to infectious diseases
as a result of inflammatory reactions being dysregulated 3 Moreover, recent reports

have also made it clear that high levels of TNF-a production are also contributing
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factors to disease severity because of their ability to augment inflammatory processes
and inhibit effective infection resolution “°.Conversely, the increased prevalence of the
GG genotype in the control group indicates the possibility of a protective effect because
such a genotype is linked to reduced TNF-a synthesis and a more regulated
inflammatory process (36).It needs to be mentioned though that the effects of TNF-
alpha polymorphisms can be different due to population genetics, environmental
factors and the characteristics of the pathogen. Thus, although the present results
strongly indicate the implication of TNF- aluminum G/A -308 polymorphism in
recurrent tonsillitis susceptibility, additional, large-scale and multi-population research
IS necessary to substantiate these relationships. Immunologically, ASO titers are a
measure of antibody response by the host to streptolysin O, one of the major exotoxins
released by Streptococcus pyogenes. The increased ASO in patients with high TNF-
alpha genotypes can be attributed to the effect of TNF- alpha as a powerful pro-
inflammatory cytokine, which can increase the process of antigen presentation, B-cell
activation, and antibody production. Higher TNF- a levels can then enhance immune
response to streptococcal antigens leading to increased ASO titers **.Such results have
been aligned with other studies that have demonstrated that TNF-a gene polymorphism
is linked with the differences in the intensity of the immune response such as the
production of antibodies. According to a study by Kroeger et al. promoters of TNF-
alpha have been shown to have polymorphs that can play a major role in modulating
the level of cytokine expression and downstream immune responses #2. Even more
recent findings also confirm that patients with high-producer TNF-alpha genotypes
have increased inflammatory and humoral reaction in infectious diseases
43,Conversely, IL-10 is a significant anti-inflammatory cytokine that inhibits a
heightened immune response. The markedly increased ASO in the patients with the IL-
10 AA type (low producer) indicate that the decrease in IL-10 expression results in the
loss of control of the immune response, which can be further stimulated through B cells
and the production of more antibodies. This observation is in line with reports that the

low level of IL-10 correlates with an enhanced immune response and the augmentation
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of antibody production *These observations are further corroborated by comparison
with previous studies. Recent studies have indicated that gene polymorphisms of
cytokines especially TNF-a and IL-10 are closely related to the variability in antibody
against bacterial infections. As an example, a study on the susceptibility to infectious
diseases found that people with high TNF-a and low IL-10 production groups had a
better serologic response, such as high antibody titers . Equally, it was affirmed in
another study that the imbalance in cytokines may directly affect the humoral immunity
by regulating B-cell differentiation and antibody production 6. The concomitant effect
of the results in this study, the elevated level of TNF-a production and the low level of
IL-10 production, can be described as a state of immune disregulation, These results
are biologically consistent in the immunological perspective. TNF- is a key pro-
inflammatory cytokine, which augers antigen presentation, activates T-helper cells and
indirectly induces B-cell differentiation and antibody generation. Thus, people who
have high TNF-alpha-producing genotypes could be able to generate a more vigorous
immune response, leading to an increase in ASO titers after exposure to Streptococcus
pyogenes 4. This is in line with already known evidence that pro-inflammatory
cytokines enhance humoral immunity when infected with bacteria .On the other hand,
IL-10 is an important anti-inflammatory and immunoregulatory cytokine because it
inhibits overproduction of immunomodulators and curbs production of cytokines. This
inverse correlation suggests that the reduced production of IL-10 (in AA genotype
carriers) could be insufficient to regulate the immune response resulting in the extended
antigenic stimulation and increased antibody generation. This aligns with the earlier
results, which indicate that a lack of IL-10 or low levels of IL-10 expression is linked
to hyper immune response and elevated antibody levels during infectious diseases
48.Comparing the current results with those of the past, the overall notion of cytokine-
based modulation of humoral immunity is in good agreement. A number of studies
have established that TNF- alpha polymorphisms have a positive correlation with
higher levels of inflammatory and antibody responses especially in bacterial infections

47.On the same note, recent studies have pointed out that patients with low IL-10
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production patterns show increased circulation of the antibodies because of the lack of
regulation of immune activation “.Also, the simultaneous effect reported in this
research, positive correlation of TNF-a and negative correlation of IL-10 with ASO
levels is a very strong evidence of the idea of immune imbalance in recurrent
tonsillitis. This dysregulation can cause overstated immune responses instead of
effective pathogen elimination and chronic immune stimulation and reoccurring
infection. Past researchers have also indicated that the imbalance of pro- and anti-
inflammatory cytokines is also a contributing factor to chronic and recurrent
inflammatory diseases “¢.Notably, correlation coefficients observed in the current study
(r = +0.46 and r = -0.39) imply moderate but significant associations, meaning that
cytokine polymorphisms are a major contributor to variability in ASO response,
although other variables like bacterial load, exposure frequency and environmental
factors can also contribute to this association.
6 Conclusion
In the present study, it is ascertained that in recurrent tonsillitis, the bacterial infection,
host immune response and genetic factors are all involved in the complex interaction.
The high prevalence of B-hemolytic streptococci, especially Streptococcus pyogenes,
is indicative of the significant role it plays in recurrent tonsillar infections. Increased
ASO titers are seen in patients and may be the result of multiple exposure to
streptococcal antigens and continuous immune stimulation from recurrent infections.
In addition, there were significant associations between the polymorphisms of cytokine
genes and disease status. We found that the AA genotype of both the IL-10 (-1082) and
the TNF-a (-308) genes was more frequent in the patients, which may indicate an
association of these genes with susceptibility to recurrent tonsillitis. Correlation
analysis also showed significant correlation of the levels of ASO with TNF-a
polymorphisms and IL-10 polymorphisms. But, in a study with only observational
design and no direct measurement of cytokines, it is not possible to tell whether these
genetic polymorphisms or increased ASO levels are cause or effect in the pathogenesis

of the disease. Studies with a functional and longitudinal design are needed to clarify
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Figure 1. Age disrtibution of patient and control

B Recurent Tonsillitis Patients [ Healthy Controls
14 —

p > 0.05 (Not Significant)

=
N
|

=y
(=)
I

Number of Participants

10 15 20 25 20 25 30 35 40 40
Age (years)
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Figure 3. Serum ASO Levels in Patients vs Controls

500
480 ;
p < 0.05 [l Patients (n = 50)
(Independent t-test) [ Controls (n = 50)
400 A 400 (Q3) —— Median
€ Mean
355.8 (Mean) I Min-Max
par) 350 (Median) B Q1-Q3(IQR)
£ 300
2 270 (Q1)
°
o
-4 200 A
8 160
< 135 (Q3)
112.4 (Mean)
100 A 110 (Median)
85 (Q1)
65
0 T T
Patients (n = 50) Controls (n = 50)
Patients (n = 50) | Controls (n = 50) Comparison Notes:
Mean + SD (IU/mL) 355.8 + 120.5 112.4 + 48.7 < 0.05 « ASO: Antistreptolysin O
Median (1U/mL) 350 110 - * Results are expressed in IU/mL
* Data are presented as
Q1 - Q3 (IQR) (1U/mL) 270 - 400 (130) 85 - 135 (50) - Mean + SD and Box Plot
- * Statistical test:
Min - Max (IU/mL) ‘ 235 -480 65 - 160 - Independent t-test
p-value - - < 0.05* *Statistically significant
Russian Journal of Infection and Immunity ISSN 2220-7619 (Print)

ISSN 2313-7398 (Online)



KPATKOE HA3BAHHUE
RUNNING HEAD 10.15789/2220-7619-C10-18215

Figure 4. Distribution of IL-10 Polymorphism in Patients vs Controls
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Figure 5. Distribution TNF-a Polymorphism in Patients vs Controls

60 T % )
Overall Comparison Il Patients (n = 50)
p < 0.05 Il Controls (n = 50)
50 A (Chi-square test)
44% 52%

Percentage (%)

AA GA GG
Genotype (TNF-a —-308 G/A)

Patients (n = 50) Controls (n = 50) p-value Notes:
Genotype g
(Chi-square) « TNF-a: Tumor Necrosis Factor alpha

n % n %
AA 16 32% 6 12% <0.05* * SNP: 308 G/A
« Data are presented as number (n) and
GA 22 44% 18 36% < 0.05*
percentage (%)
GG 12 24% 26 52% <0.05* « Statistical test: Chi-square test
Total 50 100% 50 100% - *Statistically significant

Figure 6. Association Between Genotypes and ASO Levels
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Figure 7. Cytokine Gene Polymorphisms and ASO Level Correlation
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