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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 

IU/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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Резюме  

Цель: изучение бактериологического профиля рецидивирующего тонзиллита и 

оценка связи между инфекцией Streptococcus pyogenes, уровнями 

антистрептолизина О (АСО) и полиморфизмами генов цитокинов (IL-10 и TNF-

α). Методы: В исследовании были обследованы 100 человек: 50 пациентов с 

рецидивирующим тонзиллитом и 50 здоровых лиц контрольной группы. 

Бактериологическое культивирование и идентификация проводились на 

материале образцов мазков из горла. Уровень АСО в сыворотке определялся 

серологически стандартными методами. Генотипирование IL-10 (-1082 G/A) и 

TNF-α (-308 G/A) проводилось молекулярными методами. Результаты были 

статистически проанализированы для сравнения групп и оценки корреляций 

между переменными. Результаты: Бактериологические тесты показали, что 76% 

образцов пациентов были положительными по данным культивирования, с 

обнаружением Streptococcus pyogenes (63,2%) как наиболее распространенного 

изолята. Уровень АСО был значительно повышен в группе пациентов по 

сравнению с контролем, при средних значениях 356,8 ± 120,5 МЕ/мл и 112,4 ± 

48,7 МЕ/мл соответственно (p < 0,05). Генетический анализ обнаружил 

повышенную распространенность генотипа IL-10 AA (низкий уровень 

продукции) и генотипа TNF-α AA (высокий уровень продукции) у пациентов. 

Отмечена сильная корреляция между полиморфизмом TNF-α (повышенная 

распространенность аллеля А) и предрасположенностью к заболеванию у 

пациентов. Корреляционный анализ показал достоверную  (p < 0,05) 

положительную и отрицательную корреляцию между полиморфизмом TNF-α с 

уровнями АСО (r = +0,46), а также полиморфизмом IL-10 с уровнями АСО (r = 

-0,39) соответственно. Вывод: Рецидивирующий тонзиллит выраженно сцеплен 

с персистирующей инфекцией Streptococcus pyogenes, высокими уровнями 

антистрептолизина O (АСО), а также с полиморфизмами генов, кодирующих 

цитокины. Результаты указывают на то, что аллельная вариация в генах 

иммунного ответа может быть связана с предрасположенностью к 
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рецидивирующему тонзиллиту и иммунным ответом на стрептококковую 

инфекцию, как это чаще обнаруживается у пациентов. Полученные результаты 

указывают на необходимость учета бактериологических, иммунологических и 

генетических параметров при оценке механизмов рецидивирующего 

тонзиллита и могут способствовать разработке новых диагностических и 

терапевтических подходов. 

 

Ключевые слова: Рецидивирующий тонзиллит, Streptococcus pyogenes, АСО, 

IL-10, TNF-α, Полиморфизмы. 
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1 Introduction 1 

Recurrent tonsillitis is a not uncommon clinical diagnosis that is the recurrent 2 

inflammation of the palatine tonsils that causes a lot of morbidity in children as well as 3 

adults 1. The etiological agents that are thought to be the most significant bacterial 4 

pathogens in both acute and recurrent infections include the β-hemolytic streptococci 5 

and in particular the Streptococcus pyogenes (Group A Streptococcus) 2. These bacteria 6 

have a great diversity of virulence factors that make it possible to colonize, evade the 7 

immune response, and maintain a persistent infection of the tonsillar tissue 3 .Host 8 

immune response is important in defining the result of streptococcal infections 4. 9 

Mediators of this response include cytokines, and a delicate balance between pro- and 10 

anti-inflammatory signals is crucial to successful clearance of pathogen without 11 

causing too much tissue injury 5. Tumor necrosis factor-alpha (TNF-a) is a big pro-12 

inflammatory cytokine, which is linked to the activation of immune cells and the 13 

induction of inflammation, and interleukin-10 (IL-10) is an anti-inflammatory 14 

cytokine, which downregulates immune responses and restrains tissue damage 6.It has 15 

been demonstrated that genetic variations, especially single nucleotide polymorphisms 16 

(SNPs) in cytokine genes like IL-10 and TNF- are associated with the levels of cytokine 17 

production and patterns of immune responses 7. The polymorphisms can be related to 18 

personal vulnerability to frequent infections by changing the capacity of the host to 19 

regulate the bacterial colonization and inflammation8.Moreover, the anti-streptolysin 20 

O (ASO) titer is a popular serological marker of recent or former infection with 21 

streptococci 9. Higher ASO levels can be common to patients with repeated tonsillitis, 22 

which represents repeated exposure to streptococcal antigens and continuous immune 23 

stimulation 10.Although there has been progress in the study of immunopathogenesis 24 

of tonsillitis, the interplay between bacterial factors, host genetic polymorphism, and 25 

immune responses is not fully understood11. Thus, the given study is going to examine 26 

the correlation between hemolytic streptococci found in patients with recurrent 27 

tonsillitis, IL-10 and TNF-alpha gene polymorphism, and the ASO immune response 28 

to further clarify the immunogenetic mechanisms of disease recurrence. In the present 29 
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study, polymorphisms of IL-10 and TNF-α were selected because of their known 30 

effects on pro-inflammatory and anti-inflammatory immune responses to bacterial 31 

infections. Particularly, the IL-10 (-1082 G/A) and TNF-α (-308 G/A) variants are 32 

some of the most widely studied cytokine gene polymorphisms, which have been 33 

linked to inter-individual variation in the susceptibility to infectious and inflammatory 34 

diseases. Such promoter-region polymorphisms have been shown in previous studies 35 

to be related to the transcriptional activity of genes and thus, indirectly, to host immune 36 

responsiveness. It should be noted, however, that the genetic variants do not necessarily 37 

relate to the amount of cytokine produced by individual subjects,which require separate 38 

functional assessment. Therefore, the current study aimed to investigate whether these 39 

polymorphisms are associated with recurrent tonsillitis susceptibility and ASO 40 

responses rather than to measure cytokine expression or circulating cytokine 41 

concentrations directly. 42 

2     Materials and Methods 43 

Study Design and Population 44 

The case-control study aimed to examine the relationship between bacteriological 45 

results, immunogenic aspects, and immune response in recurrent tonsillitis patients. 46 

The research was carried out in the Department of otolaryngology, the teaching hospital 47 

of Ramadi during the period spanning between January 2025 and June 2025..Five 48 

hundred (50 patients who were clinically diagnosed with recurrent tonsillitis were 49 

recruited. The diagnosis was made through clinical examination by an 50 

otolaryngologist, with reported history of recurrent tonsillar inflammation. These 51 

patients were matched with a control group of (50) seemingly healthy people, who had 52 

no history of recurrent tonsillitis, or recent infection of the upper respiratory tract. The 53 

patient group was matched with the control group in regard to age and sex to reduce 54 

the chances of confounding factors. Recurrent tonsillitis was characterized based on 55 

the accepted clinical criteria as that having three to five or more tonsillitis episodes per 56 

year at least one year.  57 

Fifty patients aged 10–20 years were clinically recruited with recurrent tonsillitis.The 58 
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control group included 50 apparently healthy people of the same age group (25-40 59 

years) with no previous history of recurrent tonsillitis and no upper respiratory tract 60 

infection within the last 10 days. The participants of both groups were chosen based on 61 

the inclusion and exclusion criteria of the study. Recurrent tonsillitis was defined as 62 

having 3-5 or more episodes of tonsillitis annually for at least one year. 63 

Ethical approval  64 

Before the study started and sample collection, the Scientific Study Ethics Committee, 65 

University of Anbar, Ministry of Higher Education and Scientific Research approved 66 

it (Approval No. 188). All the participants signed a written informed consent and 67 

confidentiality and privacy were strictly maintained throughout the study. 68 

 Inclusion criteria for patients included: 69 

• Individuals of both genders within a defined age range (specify if needed)  70 

• Clinically confirmed recurrent tonsillitis  71 

• No antibiotic therapy within the last two weeks prior to sample collection  72 

Exclusion criteria included: 73 

• Patients with acute tonsillitis without recurrence  74 

• Individuals who had received antibiotics within two weeks prior to sampling  75 

• Patients with a history of tonsillectomy  76 

• Individuals under immunosuppressive therapy  77 

Sample Collection 78 

Two types of samples were collected from each participant:Throat swabs: collected 79 

aseptically from the tonsillar surface using sterile cotton swabs for  bacteriological 80 

analysis.,Venous blood samples    (5 ml): 2 ml in EDTA tubes for DNA extraction 81 

and3 ml in plain tubes for serum separation to measure ASO levels  82 

Bacteriological Examination 83 

Sterile cotton swabs were used to collect throat swab samples on the tonsillar surface 84 

and posterior pharyngeal wall avoiding salivation contamination. All the swabs were 85 

taken directly to the microbiology lab and processed as soon as possible.Specimens 86 

were inoculated on 5% sheep blood agar plates and incubated aerobically at 37 C 24-87 
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48 hours. Following incubation, the plates were thoroughly explored in terms of 88 

bacteria growth, colony morphology and hemolytic patterns.Special focus was put on 89 

the colonies with β-hemolysis, which has distinct zone of complete hemolysis around 90 

the colonies. Further identification of these colonies as presumptive hemolytic 91 

streptococci was done. 92 

Identification of Hemolytic Streptococci 93 

• Gram Staining:  94 

• Smears were prepared and stained using Gram’s method. Hemolytic streptococci 95 

appeared as Gram-positive cocci arranged in chains under the microscope.  96 

• Catalase Test:  97 

• The catalase test was performed using hydrogen peroxide. Streptococci are catalase-98 

negative, which helps differentiate them from catalase-positive organisms such as 99 

staphylococci.  100 

• Bacitracin Sensitivity Test: 101 

• Isolates were tested for sensitivity to bacitracin (0.04 U disc). A zone of inhibition 102 

around the bacitracin disc indicated susceptibility and was considered suggestive of 103 

Group A β-hemolytic Streptococcus (Streptococcus pyogenes).  104 

Measurement of ASO Titer 105 

Serum levels of anti-streptolysin O (ASO) were determined as a marker of recent or 106 

past infection with β-hemolytic streptococci. Venous blood samples were collected 107 

from all participants under aseptic conditions and allowed to clot at room temperature. 108 

The samples were then centrifuged at 3000 rpm for 10 minutes to separate the serum, 109 

which was aliquoted and stored at −20°C until analysis. ASO titers were measured 110 

using a commercially available latex agglutination kit (Linear Chemicals S.L., 111 

Barcelona, Spain), following the manufacturer’s instructions. 112 

Latex Agglutination Method 113 

The latex agglutination test was performed using a commercially available ASO Latex 114 

reagent kit (Linear Chemicals S.L., Barcelona, Spain). Briefly, serum samples were 115 

mixed with latex particles coated with streptolysin O antigen on a glass slide. The 116 
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mixture was gently rotated, and visible agglutination was observed within the specified 117 

reaction time according to the manufacturer's instructions. A positive agglutination 118 

reaction indicated elevated ASO antibody levels. Semi-quantitative estimation was 119 

performed by serial dilution of serum samples to determine the approximate ASO titer. 120 

NA Extraction and Genotyping 121 

Genomic DNA was extracted from peripheral whole blood samples collected in EDTA 122 

tubes using a commercially available DNA extraction kit (Geneaid Genomic DNA 123 

Mini Kit, Geneaid Biotech Ltd., New Taipei City, Taiwan) according to the 124 

manufacturer's instructions. Briefly, blood samples were subjected to cell lysis using a 125 

lysis buffer containing detergents and proteinase K to ensure complete disruption of 126 

cellular membranes and proteins. This was followed by DNA binding to a silica-based 127 

membrane, washing steps to remove contaminants, and final elution of purified DNA 128 

in an appropriate buffer. The concentration and purity of the extracted DNA were 129 

assessed using a spectrophotometer. 130 

Detection of Gene Polymorphisms 131 

Genotyping of IL-10 and TNF-α gene polymorphisms was performed using the 132 

Polymerase Chain Reaction (PCR) technique. Specific primers targeting the selected 133 

single nucleotide polymorphisms (SNPs) were used for amplification. 134 

The PCR reaction mixture (total volume typically 20–25 µL) consisted of: 135 

• Genomic DNA template  136 

• Forward and reverse primers  137 

• PCR master mix (containing Taq DNA polymerase, dNTPs, MgCl₂, and buffer)  138 

• Nuclease-free water  139 

PCR amplification was carried out in a thermal cycler under optimized cycling 140 

conditions, including: 141 

• Initial denaturation at 94–95°C for 3–5 minutes 30–35 cycles of:  142 

o Denaturation at 94–95°C for 30 seconds  143 

o Annealing at (specific temperature depending on primers) for 30–60 seconds  144 

o Extension at 72°C for 30–60 seconds  145 
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• Final extension at 72°C for 5–10 minutes  146 

Genotyping Methods 147 

Following PCR amplification, genotyping of SNPs was performed using one of the 148 

following methods: 149 

1. PCR-Restriction Fragment Length Polymorphism (PCR-RFLP) 150 

PCR products were digested using certain restriction enzymes, which matched each 151 

SNP site. The mixtures of the digestions were incubated at the correct temperature of 152 

the enzyme utilized. These fragments could be separated using agarose gel 153 

electrophoresis  stained with ethidium bromide or a bromide-free safer stain and 154 

viewed under UV light. 155 

Targeted Polymorphisms 156 

The following cytokine gene polymorphisms were studied.: 157 

1-IL-10 gene:(1082 G/A, 819 C/T, 592 C/A ) 158 

 2-TNF-α gene: (308 G/A ) 159 

Statistical Analysis  160 

All the information derived in the current study was entered, coded and analyzed using 161 

Statistical Package of Social Sciences (SPSS) version (26). Regression and inferential 162 

statistics were used to test the association between bacteriological results, cytokine 163 

gene polymorphisms and ASO levels in children with recurrent tonsillitis. Mean was 164 

utilized to express continuous variables with standard deviation (SD) and frequencies 165 

and percentages were used to offer the data concerning categorical variables. The Chi-166 

square test was used to test deviations and associations in the distribution of genotypes 167 

and alleles of IL-10 and TNF-alpha polymorphism among study groups.The Student t-168 

test of two groups or the one- way analysis of variance (ANOVA) of two or more 169 

groups, respectively were used to compare the means of the values between the groups  170 

In cases where needed, post hoc tests were used to determine specific group 171 

differences. 172 

3 Results 173 

1. Demographic Characteristics 174 
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This study involved 100 participants, 50 tonsillitis patients with recurrent tonsillitis and 175 

50 healthy controls.The average age of patients was (25.4 +/- 6.8) years old and that of 176 

the control group was (24.9 +/- 6.5) years old and there was no statistically significant 177 

difference between the two (p > 0.05).In terms of gender distribution, the group of 178 

patients consisted of (28 males, 56) and (22 females, 44) and the group of control 179 

consisted of (26 males, 52) and (24 females, 48). There was                     no significant 180 

difference between the two groups in gender (p > 0.05) and this shows                         that 181 

they were matched accordingly. shown figure 1.   182 

Bacteriological Findings 183 

Of the 50 throat swab samples taken from patients with recurrent tonsillitis, 38 (76%) 184 

grew bacteria. Of the positive cultures, 24 (63.2%) were due to Streptococcus 185 

pyogenes, while the rest were from other bacterial species. All the S. pyogenes isolates 186 

had typical microbiological characteristics, such as complete β-hemolysis on 5% sheep 187 

blood agar, Gram-positive cocci in chains, catalase-negative and bacitracin-sensitive, 188 

that confirmed their presumptive identification as group A β-hemolytic streptococci. 189 

Figure 2 shows the distribution of culture positive samples and bacterial isolates. 190 

ASO Levels 191 

The level of serum ASO was observed to be considerably greater in patients with 192 

recurrent tonsillitis than in the healthy control group.  shown figure 3. 193 

• The mean ASO level in patients was (356.8 ± 120.5 IU/mL)  194 

• The mean ASO level in controls was (112.4 ± 48.7 IU/mL)  195 

The two groups were statistically different (p < 0.05) 196 

Genotype Distribution of IL-10 and TNF-α 197 

There were significant differences between patients with recurrent tonsillitis and 198 

healthy controls in terms of IL-10 and TNF-alpha gene polymorphism. 199 

IL-10 Polymorphisms 200 

For IL-10 gene polymorphisms (−1082 G/A):Out of 26 (52) patients, the AA genotype 201 

(low IL-10 producer) was observed, versus 14 (28) controls. GA genotype was found 202 

among 18 (36) of patients and 22 (44) of controls. The GG genotype (high IL-10 203 
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producer) was less common in patients 6 (12%), than controls 14 (28%),shown figure 204 

4.  205 

TNF-α Polymorphism (−308 G/A) 206 

For TNF-α gene polymorphism: The AA genotype (high TNF-α producer) was 207 

found in 16 (32%) of patients compared to 6 (12%) of controls, GA genotype was 208 

present in 22 (44%) of patients and 18 (36%) of controls. The GG genotype was more 209 

common in controls 26 (52%) compared to patients 12 (24%).,Additionally, the A 210 

allele frequency was higher in patients (54%) than in controls (30%).shown figure 5. 211 

Association Between Genotypes and ASO Levels 212 

Statistically significant correlation between cytokine gene polymorphisms and ASO 213 

titres in recurrent tonsillitis patients were found. The mean ASO level in patients with 214 

AA or GA genotype of the TNF-α (-308) was significantly higher (382.6 ± 115.4 215 

IU/mL) than in patients with GG genotype (248.3 ± 96.7 IU/mL) (p < 0.05). Similarly, 216 

individuals with the IL-10 (-1082) AA genotype showed significantly higher ASO 217 

titers (395.2 ± 118.9 IU/mL) than those with the GA genotype (310.5 ± 102.6 IU/mL) 218 

or GG genotype (226.7 ± 85.3 IU/mL) (p < 0.05). These results suggest that 219 

polymorphisms of the TNF-α and IL-10 genes are linked to the changes in ASO levels 220 

in patients with recurrent tonsillitis. Since however the concentration of cytokines was 221 

not measured in the present study, no direct conclusion can be made on the influence 222 

of these polymorphisms on the production and/or the concentration of these cytokines. 223 

The distribution of ASO levels according to            cytokine gene polymorphisms is 224 

presented in Figure 6.  225 

4 Correlation Analysis 226 

Figure 7 shows the relationship between the gene polymorphisms of TNF-α (-308 G/A) 227 

and IL-10 (-1082 G/A) with ASO titers in the patients with recurrent tonsillitis. A 228 

significant positive correlation was found between the TNF-α polymorphism and ASO 229 

levels (r = +0.46, p < 0.05), where the ASO levels were higher in the presence of the 230 

A allele. However, there was a strong negative correlation between the IL-10 231 

polymorphism and ASO levels (r = −0.39, p < 0.05) and ASO levels decreased with 232 
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each genotype from AA to GG. From these results, it can be inferred that the 233 

polymorphisms of the genes of TNF-α and IL-10 were correlated with the differences 234 

in the response of ASO in patients with recurrent tonsillitis. In the present study 235 

however, no measurements of cytokine levels were undertaken and so no direct 236 

inferences can be drawn about the production or functional activity of  cytokines. 237 

Figure 7 TNF-α and IL-10 gene polymorphisms were associated with variations in 238 

ASO responses among patients with recurrent tonsillitis. 239 

5 Discussion 240 

The current research proved that the age and gender distribution of patients with 241 

recurrent tonsillitis and healthy controls did not have statistically significant 242 

differences (p > 0.05). This result suggests that the two groups were matched suitably, 243 

thus reducing any possible confounding influences of demographic factors on the 244 

research findings. Age is also a significant epidemiological factor in tonsillitis but its 245 

impact is different with the population under study. Though tonsillitis is more common 246 

in children, it is still common in young adults especially those that are in the age bracket 247 

of this study. The fact that the mean age of the two groups was similar indicates that 248 

age did not play a significant part in determining the susceptibility or the immune 249 

response in this group, which further justifies the relevance of the occurrence of 250 

immunological and genetic results in the future 11,12  .In terms of gender distribution, 251 

the fact that there are no statistically significant differences between patients and 252 

controls is in line with other previous studies that indicated no apparent sex 253 

predominance in tonsillitis. Although some studies have indicated minor differences 254 

between males and females, these differences are generally not consistent and are 255 

usually influenced by environmental or behavioral factors as opposed to biological 256 

predisposition14,15.                                257 

Thus, the equal representation of both genders in this study contributes to the 258 

comparability of groups .In particular, when investigating bacterial and immunological 259 

processes, it is essential to control such demographic factors as age and gender. Palatine 260 

tonsils are important lymphoid organs that are at the core of immune response to 261 
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inhaled and oral pathogens, such as Streptococcus pyogenes. The immune response, 262 

such as cytokine production, can be age and hormone-dependent; hence, removing the 263 

demographic bias factor will mean that the differences will be more likely to be caused 264 

by bacterial virulence factors or host immune reaction instead of by external factors 265 

16.Moreover, Group A Streptococcus is a serious pathogen of various ages, such as 266 

adults, and is closely linked to recurrent tonsillitis. This emphasizes the need to 267 

examine adult populations in the study of the relationship between bacterial infection 268 

and immune response mechanisms 12,17.  A high proportion of positive cultures in this 269 

study is in line with the nature of recurrent tonsillitis which is commonly characterized 270 

by persistent or repeated colonization with bacteria and not transient viral infections. 271 

Studies conducted recently have shown that recurrent tonsillar infections are often 272 

associated with chronic bacteria presence, such as biofilm formation, that adds to 273 

bacterial resistance and persistence against host immune response 18.Compared to the 274 

recent literature, the β-hemolytic streptococci prevalence in this study (63.2) seems to 275 

be relatively high compared to the prevalence of this trend in various contemporary 276 

studies, Vijayashree et al. have found a prevalence of between 51 and 62 in patients 277 

with acute tonsillitis19, whereas other studies have reported a prevalence of about 51.4 278 

20. Moreover, there is wider epidemiological evidence that Group A Streptococcus is 279 

the cause of about 5-15 percent of tonsillitis in adults and 15-30 percent in children 21. 280 

The increased prevalence in the current study can be explained by variations in study 281 

population since only patients with recurrent tonsillitis were studied, which enhances 282 

the chances of isolating genuine bacterial pathogens. Moreover, local and geographical 283 

conditions can also potentially cause changes in the prevalence of bacteria. 284 

Investigations carried out in developing areas have recorded an increase in 285 

streptococcal infections which may be because of population congestion, lack of 286 

medical care and prompt or even incomplete treatment with antibiotics 22.The 287 

microbiological features of this research, such as full 5% sheep blood agar 5% 0.5% 288 

and negative catalase test, and chain-forming Gram-positive cocci are in line with the 289 

typical laboratory identification criteria of Streptococcus pyogenes 23. The results 290 
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indicate the validity of bacteriological methods of identification.Despite the 291 

predominance of β-hemolytic streptococci, it is important to note that recurrent 292 

tonsillitis is often a multifactorial condition. Other bacterial species, such as 293 

Staphylococcus aureus and Haemophilus influenzae, have also been implicated in 294 

recurrent infections and may contribute to disease persistence through polymicrobial 295 

interactions and biofilm formation 18,24.. The high level of ASO is well known as the 296 

evidence of recent or previous streptococcal infection, a demonstration of the host 297 

humoral immune reaction against streptolysin O, an important exotoxin that GAS 298 

generates. The markedly increased ASO levels of the patients in this study indicate the 299 

continued immune stimulation by recurrent infections or permanent colonization of the 300 

tonsillar tissue 25.                                                                                                                                301 

These results are in line with a number of past studies. Indicatively, Steer et al. 302 

indicated a significant increase in ASO titers of persons with recurrent streptococcal 303 

infections relative to healthy populations, highlighting its usefulness in detecting 304 

repeated exposure 26. Likewise, in a study by Danchin et al. patients with recurrent 305 

tonsillitis tend to have persistently high ASO levels, despite the absence of acute 306 

symptoms, suggesting subclinical or chronic infection 27.Compared to the other 307 

reported values, the mean ASO level in the present study (356.8 IU/mL) is in the upper 308 

range reported in the literature about tonsillitis cases that recur. The ASO levels of 200-309 

400 IU/mL have been reported in previous studies in patients with recurrent or chronic 310 

infections of streptococci 28. Conversely, healthy persons would have a significantly 311 

lower ASO titers, usually less than 200 IU/mL as seen in the control group of the 312 

current study (112.4 IU/mL) which corresponds with the existing normal ranges 29.                                                                                                                       313 

The large disparity of patients and controls supports the importance of ASO 314 

measurement in diagnosis and epidemiology. It should be noted though that high ASO 315 

levels do not always reflect active infection but again it is due to previous exposure or 316 

immune memory. Thus, it is necessary to consider ASO along with clinical data and 317 

microbiological results to diagnose correctly 25,30.           Immunologically, the continued 318 

high levels of ASO can also indicate an inefficient or dysfunctional immune response, 319 
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which is not able to destroy the pathogen completely, thus putting individuals at risk 320 

of repeated infections. This idea is especially applicable to the scenario of the present 321 

paper, where the authors examine the cytokine gene polymorphisms (IL-10 and TNF-322 

alpha) because their differences can potentially affect the intensity and efficiency of 323 

the antibody response 31.In short, the highly raised ASO levels in patients having 324 

recurrent tonsillitis confirm the importance of repeated exposure to streptococcal 325 

infections in the pathogenesis of the disease. The results are in line with the past 326 

literature and point to the value of ASO as a helpful serological indicator in assessment 327 

of recurrent tonsillitis, especially when used in conjunction with bacteriological and 328 

immunogenetic information.                                                                                                                                                329 

past research on cytokine gene polymorphisms in inflammatory and infectious 330 

diseases. A recent report showed that the GG genotype and G allele of IL-10 -1082 331 

were observed with higher frequency in the healthy controls which indicates a possible 332 

protective effect and lower frequencies of this genotype were linked with increased 333 

disease susceptibility 32. On the same note, other researchers have also shown that 334 

genetic variations that influence IL-10 production can be used to control host 335 

susceptibility to chronic or recurrent infections by modulating the balance between the 336 

pro-inflammatory and anti-inflammatory responses 33.Immunologically, the low 337 

frequency of the high-producer GG genotype among patients can be a factor leading to 338 

inappropriate regulation of the presence of inflammation as a response to continued 339 

exposure to bacteria, especially Streptococcus pyogenes. This can lead to recurrent 340 

activation of the immune system and chronic tonsillar inflammation. Conversely, those 341 

who produce IL-10 in greater amounts might be more effective in regulating 342 

inflammatory reactions, which decreases tissue destruction and chances of 343 

reoccurrence 34.Moreover, the reported genotype distribution substantiates the idea that 344 

the genetic determinants of host factors are important in the determination of individual 345 

susceptibility to tonsillitis recurrence. The polymorphism of cytokine genes, such as 346 

IL-10, has been established to be a critical factor in the variation of immune responses 347 

among the individuals, which has an effect on the course of infection and severity of 348 
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the disease 35.It should be noted though that the relationship between IL-10 349 

polymorphisms and disease susceptibility might not be the same in various populations 350 

because of genetic variation, environments and variability of the pathogens. Thus, 351 

although current results are highly indicative of a role of IL-10 −1082 G/A 352 

polymorphism in recurrent tonsillitis, additional large-scale research is necessary to 353 

verify these relationships. Overall, the fact that the AA genotype is the most common 354 

in patients and that the GG genotype is less frequent than the former one suggests that 355 

lesser production of IL-10 could be a factor in predisposing individuals to recurrent 356 

tonsillitis, which is probably caused by the inability to properly regulate the 357 

inflammatory response to bacterial infection. These results are consistent with the 358 

existing research and prove the relevance of immunogenetic variables when it comes 359 

to the pathogenesis of repeated tonsillitis. TNF- alpha is a major pro-inflammatory 360 

cytokine that is a major host defense against bacterial infections, especially 361 

Streptococcus pyogenes. It enhances the recruitment of leukocytes, immune cell 362 

activation and intensifies the inflammatory response. Nonetheless, an overproduction 363 

of TNF-a may cause chronic inflammation and tissue destruction particularly in 364 

lymphoid tissues like palatine tonsils and hence disease recurrence 36.The results of the 365 

current study are in line with earlier studies that indicate that the -308 A allele correlates 366 

with transcriptional activity of the TNF-alpha gene leading to an increase in the 367 

production of cytokines 36. Some studies have indicated that carriers of the A allele or 368 

AA genotype have an exaggerated inflammatory response and this can lead to 369 

predisposition to chronic or recurrent inflammatory conditions 37,38.Comparable pattern 370 

has been found in other infectious and inflammatory diseases which have been studied 371 

recently, where A allele frequency of the disease is significantly greater in the patients 372 

compared to the healthy controls, indicating its nature as a genetic risk factor. 373 

According to a recent meta-analysis, TNF-alpha-polymorphisms, especially at the 374 

negative position (308), are implicated in disease susceptibility to infectious diseases 375 

as a result of inflammatory reactions being dysregulated 39 Moreover, recent reports 376 

have also made it clear that high levels of TNF-a production are also contributing 377 
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factors to disease severity because of their ability to augment inflammatory processes 378 

and inhibit effective infection resolution 40.Conversely, the increased prevalence of the 379 

GG genotype in the control group indicates the possibility of a protective effect because 380 

such a genotype is linked to reduced TNF-a synthesis and a more regulated 381 

inflammatory process (36).It needs to be mentioned though that the effects of TNF-382 

alpha polymorphisms can be different due to population genetics, environmental 383 

factors and the characteristics of the pathogen. Thus, although the present results 384 

strongly indicate the implication of TNF- aluminum G/A -308 polymorphism in 385 

recurrent tonsillitis susceptibility, additional, large-scale and multi-population research 386 

is necessary to substantiate these relationships. Immunologically, ASO titers are a 387 

measure of antibody response by the host to streptolysin O, one of the major exotoxins 388 

released by Streptococcus pyogenes. The increased ASO in patients with high TNF- 389 

alpha genotypes can be attributed to the effect of TNF- alpha as a powerful pro-390 

inflammatory cytokine, which can increase the process of antigen presentation, B-cell 391 

activation, and antibody production. Higher TNF- a levels can then enhance immune 392 

response to streptococcal antigens leading to increased ASO titers 41.Such results have 393 

been aligned with other studies that have demonstrated that TNF-a gene polymorphism 394 

is linked with the differences in the intensity of the immune response such as the 395 

production of antibodies. According to a study by Kroeger et al. promoters of TNF-396 

alpha have been shown to have polymorphs that can play a major role in modulating 397 

the level of cytokine expression and downstream immune responses 42. Even more 398 

recent findings also confirm that patients with high-producer TNF-alpha genotypes 399 

have increased inflammatory and humoral reaction in infectious diseases 400 

43.Conversely, IL-10 is a significant anti-inflammatory cytokine that inhibits a 401 

heightened immune response. The markedly increased ASO in the patients with the IL-402 

10 AA type (low producer) indicate that the decrease in IL-10 expression results in the 403 

loss of control of the immune response, which can be further stimulated through B cells 404 

and the production of more antibodies. This observation is in line with reports that the 405 

low level of IL-10 correlates with an enhanced immune response and the augmentation 406 
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of antibody production 44.These observations are further corroborated by comparison 407 

with previous studies. Recent studies have indicated that gene polymorphisms of 408 

cytokines especially TNF-a and IL-10 are closely related to the variability in antibody 409 

against bacterial infections. As an example, a study on the susceptibility to infectious 410 

diseases found that people with high TNF-a and low IL-10 production groups had a 411 

better serologic response, such as high antibody titers 45. Equally, it was affirmed in 412 

another study that the imbalance in cytokines may directly affect the humoral immunity 413 

by regulating B-cell differentiation and antibody production 46.The concomitant effect 414 

of the results in this study, the elevated level of TNF-a production and the low level of 415 

IL-10 production, can be described as a state of immune disregulation, These results 416 

are biologically consistent in the immunological perspective. TNF- is a key pro-417 

inflammatory cytokine, which augers antigen presentation, activates T-helper cells and 418 

indirectly induces B-cell differentiation and antibody generation. Thus, people who 419 

have high TNF-alpha-producing genotypes could be able to generate a more vigorous 420 

immune response, leading to an increase in ASO titers after exposure to Streptococcus 421 

pyogenes 47. This is in line with already known evidence that pro-inflammatory 422 

cytokines enhance humoral immunity when infected with bacteria .On the other hand, 423 

IL-10 is an important anti-inflammatory and immunoregulatory cytokine because it 424 

inhibits overproduction of immunomodulators and curbs production of cytokines. This 425 

inverse correlation suggests that the reduced production of IL-10 (in AA genotype 426 

carriers) could be insufficient to regulate the immune response resulting in the extended 427 

antigenic stimulation and increased antibody generation. This aligns with the earlier 428 

results, which indicate that a lack of IL-10 or low levels of IL-10 expression is linked 429 

to hyper immune response and elevated antibody levels during infectious diseases 430 

48.Comparing the current results with those of the past, the overall notion of cytokine-431 

based modulation of humoral immunity is in good agreement. A number of studies 432 

have established that TNF- alpha polymorphisms have a positive correlation with 433 

higher levels of inflammatory and antibody responses especially in bacterial infections 434 

47. On the same note, recent studies have pointed out that patients with low IL-10 435 
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production patterns show increased circulation of the antibodies because of the lack of 436 

regulation of immune activation 48.Also, the simultaneous effect reported in this 437 

research, positive correlation of TNF-a and negative correlation of IL-10 with ASO 438 

levels is a very strong evidence of the idea of immune imbalance in recurrent 439 

tonsillitis.This dysregulation can cause overstated immune responses instead of 440 

effective pathogen elimination and chronic immune stimulation and reoccurring 441 

infection. Past researchers have also indicated that the imbalance of pro- and anti-442 

inflammatory cytokines is also a contributing factor to chronic and recurrent 443 

inflammatory diseases 48.Notably, correlation coefficients observed in the current study  444 

(r = +0.46 and r = -0.39) imply moderate but significant associations, meaning that 445 

cytokine polymorphisms are a major contributor to variability in ASO response, 446 

although other variables like bacterial load, exposure frequency and environmental 447 

factors can also contribute to this association.                                         448 

6 Conclusion 449 

In the present study, it is ascertained that in recurrent tonsillitis, the bacterial infection, 450 

host immune response and genetic factors are all involved in the complex interaction. 451 

The high prevalence of β-hemolytic streptococci, especially Streptococcus pyogenes, 452 

is indicative of the significant role it plays in recurrent tonsillar infections. Increased 453 

ASO titers are seen in patients and may be the result of multiple exposure to 454 

streptococcal antigens and continuous immune stimulation from recurrent infections. 455 

In addition, there were significant associations between the polymorphisms of cytokine 456 

genes and disease status. We found that the AA genotype of both the IL-10 (-1082) and 457 

the TNF-α (-308) genes was more frequent in the patients, which may indicate an 458 

association of these genes with susceptibility to recurrent tonsillitis. Correlation 459 

analysis also showed significant correlation of the levels of ASO with TNF-α 460 

polymorphisms and IL-10 polymorphisms. But, in a study with only observational 461 

design and no direct measurement of cytokines, it is not possible to tell whether these 462 

genetic polymorphisms or increased ASO levels are cause or effect in the pathogenesis 463 

of the disease. Studies with a functional and longitudinal design are needed to clarify 464 
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underlying mechanisms. 465 
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РИСУНКИ 

 

Figure 1. Age disrtibution of patient and control 

 

 

 

Figure 2. Bacteriological findings in recurrent tonsillitis 
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Figure 3. Serum ASO Levels in Patients vs Controls 
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Figure 4. Distribution of IL-10 Polymorphism in Patients vs Controls 
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Figure 5. Distribution TNF-α Polymorphism in Patients vs Controls 

 

 

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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