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Objective – to assess immune-haematological indices as integrative markers of 
cellular immune reactivity and nonspecific anti-infective defence in children with 
acute otitis media (AOM), taking into account the heat-shock protein gene 
polymorphism 70-2 (HSP70-2, rs1061581). 
Material and methods. This prospective cross-sectional "case-control" study 
included 95 children aged 7-18 years with diagnosed AOM (34.74% girls, 
65.26% boys). The study adhered to Good Clinical Practice, Good Laboratory 
Practice, and international ethical standards. The control group comprised 50 
healthy children (40% girls, 60% boys). Cellular and general immunological 
reactivity, resistance, and neutrophil responses were evaluated using complete 
blood counts and calculated integral indices. The HSP70-2 (rs1061581) gene 
polymorphism was studied by polymerase chain reaction method.  
Results. In children with AOM, the immunological defense pattern varies 
according to the allelic state of the HSP70-2 gene (rs1061581): GG-genotype 
carriers demonstrate higher levels of cellular and immunological reactivity and 
resistance, as well as more efficient activation of nonspecific cellular effector 
immunity (particularly lymphocytic responses), compared with mutant A-allele 
carriers. This enhanced cellular response is associated with a substantial 
reduction in the intoxication index by 32.82% (p=0.005), indicating more 
effective physiological apoptosis, compensatory cellular protection, the humoral 
immune response development, and increased immunological sensitization. Most 
indices of neutrophil reactive response did not show genotype-dependent HSP70-
2 (rs1061581) differences. 
Conclusion. Immune protection in children with AOM and the mutant A-allele of 
HSP70-2 gene is predominantly mediated by monocyte-driven effector pathways, 
accompanied by a more pronounced inflammatory response, and lower cellular 
and overall immunological reactivity and resistance. These features contribute 
to a higher level of exogenous intoxication. 
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Мета роботи – оцінити імуногематологічні показники як інтегративні 
маркери клітинної імунної реактивності та неспецифічного 
протиінфекційного захисту у дітей із гострим середнім отитом (ГСО), 
залежно від поліморфізму гена білка теплового шоку 70-2 (HSP70-2, 
rs1061581).  
Матеріал і методи. Проспективним крос-секційним дослідженням 
"контроль-випадок" охоплено 95 дітей із діагнозом ГСО віком від 7 до 18 
років: 34,74% (n=33) дівчаток та 65,26% (n=62) хлопчиків. Дослідження 
проводили згідно з принципами належної клінічної та лабораторної 
практик і встановлених етичних стандартів для біомедичних досліджень 
за участю людей. Контрольну групу склали 50 практично здорових дітей: 
20 дівчаток (40,0%) та 30 хлопчиків (60,0%). Клітинну та загальну 
імунологічну реактивність і резистентність, реактивну відповідь 
нейтрофілів оцінювали на основі загального аналізу крові з подальшим 
розрахунком інтегральних індексів. Поліморфізм гена HSP70-2 (rs1061581) 
досліджували методом полімеразної ланцюгової реакції. 
Результати. У дітей, хворих на ГСО, формується імунологічний патерн 
захисту залежно від алельного стану гена HSP70-2 (rs1061581): у носіїв 
GG-генотипу розвивається вища клітинна та імунологічна реактивність 
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та резистентність, а також краща активність неспецифічної клітинної 
афекторної (лімфоцитарної) імунної відповіді, ніж у власників 
мутаційного А-алеля, що зумовлює вагоме зниження показника 
інтоксикації на 32,82% (р=0,005) і засвідчує кращий природний апоптоз та 
компенсаторний клітинний захист, формування гуморальної відповіді та 
додаткову сенсибілізацію організму. Реактивна відповідь нейтрофілів за 
більшістю показників не має залежності від поліморфних варіантів гена 
HSP70-2 (rs1061581).  
Висновок. У власників мутаційного А-алеля гена HSP70-2 переважає 
активність ефекторної (моноцитарної) клітинної ланки імунологічного 
захисту із більш вираженою запальною реакцією, зниженою клітинною та 
загальною імунною реактивністю і резистентністю, що зумовлює високий 
показник екзоінтоксикації. 
 
 

 

Introduction. Acute otitis media (AOM) is one of the 
most common infectious diseases in children worldwide, 
with millions of new cases diagnosed annually [1, 2]. Its 
high prevalence makes AOM a major public health issue, 
particularly due to its contribution to antimicrobial 
resistance and frequent recurrences in early childhood. 
AOM is characterized by inflammation of the mucosal 
lining of the middle ear, including the tympanic cavity and 
tympanic membrane [3]. Although the key immunological 
pathways involved in AOM have been broadly described, 
the role of non-specific immune mechanisms, especially 
innate and inflammatory responses, remains insufficiently 
explored and often overlooked in clinical practice and 
research [4]. A deeper understanding of these pathways 
may improve early diagnostic approaches and therapeutic 
management. 

Among potential early biomarkers, hematologic 
parameters such as absolute counts of neutrophils, 
lymphocytes, monocytes, and platelets, as well as derived 
indices including the neutrophil-to-lymphocyte ratio 
(NLR), monocyte-to-lymphocyte ratio (MLR), and 
platelet-to-lymphocyte ratio (PLR), have been proposed as 
useful tools for infection screening, early detection of 
disease progression, and risk stratification [5]. The NLR is 
a basic inflammatory marker obtained from a complete 
blood count (CBC), typically ranging between 0.78 and 
3.58 [6]. Elevated NLR values have been associated with 
several otolaryngologic disorders, such as otitis media with 
effusion [7], idiopathic sudden sensorineural hearing loss 
[8], and have shown prognostic value in viral facial palsy 
[9]. NLR also serves as a helpful indicator in diagnosing 
and assessing the severity of community-acquired 
pneumonia and bacteraemia [10, 11]. Similarly, MLR and 
PLR have been recognized as surrogate biomarkers for 
inflammatory activity in rheumatoid arthritis [12] and for 
influenza infection in respiratory illness [13]. However, 
data on the diagnostic relevance of these hematologic 
indices in paediatric otitis media, as well as taking into 
account genetic markers, remain limited [4, 13-15]. 

The present study therefore aimed to evaluate the 
absolute and relative counts of key immunocompetent cells 
(neutrophils, lymphocytes, monocytes, platelets, etc.) and 
to calculate immuno-hematologic indices such as NLR, 
MLR, and PLR in children with AOM, depending on heat-
shock protein 70-2 subfamily type gene's polymorphism 
(HSP70-2, rs1061581) in order to determine their 
diagnostic significance and impact in disease severity. 

Objective of the study: to assess immune-
hematological indices as integrative markers of cellular 
immune reactivity and nonspecific anti-infective defense 
in children with acute otitis media (AOM), taking into 
account the allelic variants of the HSP70-2 gene 
(rs1061581).  

Material and methods. Clinical data were collected at 
the Municipal Non-profit Enterprise "Multidisciplinary 
Hospital of Intensive Care" Kitsman (Chernivtsi region, 
UA), during 2023-2024. This prospective cross-sectional 
case-control study initially included 100 paediatric patients 
with clinically confirmed AOM; after screening, 95 
children aged 7-18 years met the eligibility criteria. The 
control group included 50 practically healthy children. 
Written informed consent was obtained from parents or 
legal guardians prior to enrolment. All participants 
underwent a standardized evaluation protocol comprising 
medical history, physical examination, laboratory 
investigations, and instrumental diagnostics. 

The diagnosis and severity grading of AOM followed 
the National Unified Clinical Protocol for Acute Otitis 
Media endorsed by the Ministry of Health of Ukraine 
(Order No. 688, April 9, 2021), relevant national guidelines 
(2021) [16, 17], and international recommendations [2, 
18]. When clinically indicated, supplementary 
radiographic imaging, including mastoid, paranasal sinus, 
and chest X-rays was performed in two standard 
projections. 

The study was conducted in accordance with the ethical 
principles of the Council of Europe Convention on Human 
Rights and Biomedicine, Good Clinical Practice and Good 
Laboratory Practice (GCP, 1996), and the Declaration of 
Helsinki. Ethical approval was obtained from the 
Biomedical Ethics Committee of Bukovinian State 
Medical University (BSMU).  

Participants were stratified into two age cohorts: 7-11 
years (n=81) and 12-18 years (n=14). Based on disease 
severity, 43 children (45.26%) exhibited severe AOM, 
whereas 52 (54.74%) presented with non-severe forms. 
The study group comprised 33 girls (34.74%) and 62 boys 
(65.26%). The control group consisted of 50 clinically 
healthy children (20 girls and 30 boys) matched by age and 
sex, with no history of acute or chronic inflammatory 
conditions at the time of enrolment or during the preceding 
six months. No significant age differences were observed 
between the study and control groups. 

Cellular immune reactivity, neutrophil responsiveness, 
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and overall immunological status in children with AOM 
were assessed using complete blood count (CBC) 
parameters: absolute and relative counts of major 
immunocompetent cell (ICC) populations with subsequent 
calculation of integral immuno-haematological indices, 
following our previously published methodology [4, 19-
21]. CBC analyses were performed using the CELL-DYN 
3700 SL haematology analyzer (Abbott Laboratories, 
USA) at laboratory in the BSMU and "Multidisciplinary 
Hospital of Intensive Care" Kitsman city (Chernivtsi 
region, UA), following the common internal quality 
control program. 

Genotyping of the HSP70-2 gene was conducted using 
qualitative Polymerase Chain Reaction (qPCR). Blood 
samples of approximately 5 mL of residual peripheral 
blood were collected from each participant for genotyping 
and immunological analysis. Genomic DNA was extracted 
from EDTA-anticoagulated whole blood using a 
commercial kit. HSP70-2 (rs1061581) A1267G 
polymorphisms was genotyped by using the DreamTaq 
Green PCR MasterMix Kit (Thermo Fisher Scientific, 
USA) with specific primers ("Metabion", DE). The PCR 
amplicons' products were separated by horizontal 
electrophoresis [14].  

Statistical analyses were performed using Statistica 7.0 
(StatSoft Inc., USA) and Excel® 2016™. Between-group 
differences for independent samples were assessed using 
the unpaired Student’s t-test when data demonstrated near-

normal distribution (verified by the Kolmogorov-Smirnov 
and Shapiro-Wilk tests), or the Wilcoxon-Mann-Whitney 
U-test for non-normally distributed data. A p-value <0.05 
was considered statistically significant. 

Results and Discussion  
Genotypes distribution of the HSP70-2 gene 

polymorphism (rs1061581; A1267G) for the patients with 
AOM were as follows: АА-, AG-, GG-genotypes – 8 
(8.42%), 52 (54.74%) and 35 (36.84%) respectively; 
genotypes' distribution in control group were - 1 (2.0%) 

person with AA-genotype (2<1.0; p=0.164), 22 (44.0%) 

children with AG-genotype (2=1.51; p=0.219) and 27 

(54.0%) subjects with GG-genotype (2=3.94; p=0.047).  
The absolute and relative counts of major ICC in 

children with AOM, stratified by HSP70-2 (rs1061581) 
polymorphic variants, are presented in Table 1.  

Leukocytosis was observed due to absolute 
granulocytosis (neutrophilia), driven by both an absolute 
and relative increase in immature band (rod-shaped) 
neutrophils, accompanied by a reduction of mature 
segmented neutrophils. These findings indicate an active 
inflammatory response predominantly of bacterial origin, 
regardless of HSP70-2 genotypes. Infectious inflammation 
of the middle ear was associated with a 2.64- and 2.08-fold 
increase in eosinophil counts (p<0.001), with significantly 
higher levels in GG-genotype carriers compared with A-
allele patients – by 26.73% (p=0.033). An elevation in 
agranulocyte levels was also detected, primarily due to an  
 

Table 1 
Laboratory findings based on complete blood cell count in children with acute otitis media depending on the 

HSP70-2 gene polymorphism (rs1061581) 

Laboratory findings Control, n=50  GG-genotype  AG-, AA-genotypes 

Erythrocytes, ×1012/L 4.25±0.15 4.29±0.18  4.14±0.16 

Hemoglobin, g/L 128.94±5.42 125.95±4.60 123.02±3.31  

WBC (leukocytes), ×109/L 5.80±0.14 8.43±0.39 р<0.001 8.85±0.55 р<0.001  

Granulocytes 
% 66.35±0.53 63.44±3.63 63.36±2.40  

×109/L 3.85±0.17 5.35±0.40 р=0.004 5.61±0.31 р=0.001 

NEU 
% 64.71±0.88 59.22±2.18 60.03±2.80  

×109/L 3.75±0.26 4.99±0.34 р=0.002 5.31±0.26 р<0.001 

RNEU 
% 2.50±0.18 8.67±0.91 р<0.001 7.55±0.83 р<0.001 

×109/L 0.14±0.06 0.73±0.11 р<0.001 0.67±0.15 р=0.004 

SNEU 
% 62.21±1.05 50.56±2.02 р=0.001 52.44±3.14 р=0.002 

×109/L 3.62±0.34 4.26±0.28 р=0.051 4.64±0.47 р=0.041 

EOS, % 1.60±0.10 4.22±0.28 р<0.001 3.33±0.39 р<0.001; р1=0.033 

Agranulocytes 
% 34.09±0.21 36.96±1.36 р=0.02 37.0±2.15 р=0.046 

×109/L 2.0±0.16 3.12±0.24 р=0.003 3.27±0.19 р<0.001 

LYM 
% 28.74±0.20 33.44±2.31 р=0.023 33.11±1.94 р=0.014 

×109/L 1.68±0.15 2.82±0.21 р<0.001 2.93±0.33 р<0.001 

Mono 
% 5.35±0.18 3.56±0.19 р<0.001 4.11±0.24 р=0.002 

×109/L 0.31±0.03 0.30±0.03  0.36±0.05  

ESR, mm/h 5.78±0.12 14.89±0.62 р<0.001 17.55±2.34 р<0.001 

Note. WBC (leukocytes) – white blood cell; NEU - neutrophil; RNEU – rod-shaped neutrophil; SNEU – segmented 
neutrophil; EOS – eosinophil; LYM – lymphocyte; Mono – monocyte; ESR – erythrocyte sedimentation rate; P – 
significance of differences with control group; р1 – significance of differences with group of children with GG-genotype. 

 
increase in both relative and absolute lymphocyte counts – 
by 15.20-16.35% (p≤0.023) and 67.86–74.40% (p≤0.004), 
respectively, alongside a reduction in the relative 
proportion of monocytes (macrophages) by 33.46% 
(p<0.001) and 23.18% (p=0.002) respectively, with more 
pronounced changes in GG-genotype carriers (p>0.05). 

Our findings suggest a more severe disease course and 
a higher degree of nonspecific anti-infective immune 
activation in children with GG-genotype, potentially 
leading to greater depletion of monocyte-macrophage 
cellular defence mechanisms compared with A-allele 
carriers of gene HSP70-2 (rs1061581).  
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The immuno-hematological indices reflecting the 
activity of nonspecific anti-infective defenses in children 

with AOM, stratified by HSP70-2 (rs1061581) genotypes, 
are presented in Table 2.

 
Table 2  

Hematological indices of immunological resistance and reactivity in children with acute otitis media depending 
on the HSP70-2 gene (rs1061581) 

N Immuno-hematological indices, unit  GG-genotype  AG-, AA- genotypes 

Indices of inflammation, cellular reactivity and cellular resistance 

1 Leukocytes Intoxication Index (LII) after Kalf-Kalif 0.51±0.09 0.63±0.07  

2 LII after R.A. Reys 1.51±0.12 1.60±0.10  

3 Intoxication Index  0.88±0.08 1.31±0.14 р=0.005 

4 Index of Endotoxicosis degree (Neutrophil shift index) 0.18±0.04 0.16±0.03  

5 Cellular reactivity index  183.16±27.85 157.95±33.75  

6 Cellular resistance index 24.39±0.84 22.57±2.25  

7 Nonspecific resistance index (Harkavi) 0.69±0.07 0.67±0.10 

Reactive response of Neutrophils 

1 Lymphocyte-to-granulocytic index 5.47±0.25 5.50±0.40  

2 Neutrophil-to-lymphocyte ratio (NLR) 1.92±0.14 2.0±0.16  

3 Leukocyte shift index 1.95±0.13 1.88±0.09  

4 NEU shift index, уо 0.18±0.02 0.16±0.03  

5 Neutrophil-to-monocyte ratio (NMR) 24.43±4.67 21.40±1.01 

6 Leukocyte-ESR ratio 1.27±0.07 1.61±0.11 р=0.005 

7 Nonspecific reactivity index 68.72±2.18 67.49±4.53  

General immunological reactivity 

8 Immune reactivity index  15.86±0.56 13.65±0.80 р=0.014 

9 Immune resistance index 7.29±0.22 6.38±0.30 р=0.009 

10 Index of immunological reactivity growth  2.38±0.18 2.58±0.15  

11 Allergy index 1.50±0.12 1.22±0.11 р=0.044 

12 Lymphocyte index 0.52±0.05 0.58±0.07  

13 Lymphocyte-to-monocyte ratio (LMR) 13.34±0.61 11.66±0.58 р=0.04 

14 Lymphocytes-to-eosinophils ratio 19.22±1.03 22.05±1.29 р=0.045 

15 Agranulocytes-to-ESR ratio 4.47±0.48 3.23±0.39 р=0.024 

Note. AOM – acute otitis media; LII – Leukocytes Intoxication Index; NEU - neutrophil; RNEU – rod-shaped neutrophil; 
SNEU – segmented neutrophil; LYM – lymphocyte; Mono – monocyte; EOS – eosinophil; WBC (leukocytes) – white blood 
cell; ESR – erythrocyte sedimentation rate; NLR – Neutrophil-to-lymphocyte ratio; NMR – Neutrophil-to-monocyte ratio; 
LMR – Lymphocyte-to-monocyte ratio; р – significance of differences with group of children with GG-genotype. 

 

No significant differences in the Leukocyte 
Intoxication Index (LII) were observed between the 
genotype groups. However, children with GG-genotype 
demonstrated a significantly lower LII compared with A-
allele carriers – by 32.82% (p=0.005). This was 
accompanied by a non-significant trend toward lower LII 
values (by 19.05% and 5.62%; p>0.05) and higher 
endotoxicosis nuclear index (by 12.5%) as well as 
increased cellular reactivity and resistance (by 15.96% and 
8.06%, respectively; p>0.05). These results indicate that 
GG-genotype carriers exhibit stronger cellular reactivity 
and resistance in response to predominantly endogenous 
intoxication during AOM, which likely contributes to the 
significantly reduced intoxication index in this group. 

The leukocyte-to-erythrocyte sedimentation rate (ESR) 
ratio was significantly lower in GG-genotype carriers than 
in A-allele carriers by 21.12% (p=0.005), indicating the 
presence of infection-induced intoxication. No genotype-
dependent differences were identified for the remaining 
indices of neutrophil reactive response. 

Indices of immunological reactivity and resistance 
were elevated in AOM children with GG-genotype 
carriers, exceeding those of A-allele by 16.19% 

(pAA=0.014) and 14.26% (pAA=0.009), respectively (Table 
2). These children also demonstrated higher allergization 
indices by 22.95% (pAA=0.044), as well as increased 
lymphocyte-to-monocyte and agranulocyte-to-ESR ratios 
by 14.41% (pAA=0.04) and 38.39% (pAA=0.024), 
respectively. Conversely, the lymphocyte-to-eosinophil 
ratio was lower by 12.83% (pAA=0.045). 
It is important to note that neutrophils are capable of 
phagocytosis. However, they are markedly less efficient in 
this process compared to macrophages (monocytes). 
Unlike macrophages, neutrophils lack effective 
membrane-repair mechanisms and therefore undergo rapid 
apoptosis or necrosis when overloaded with pathogenic or 
opportunistic microorganisms. Under conditions 
ofsubstantial microbial contamination, neutrophils are forced 
to release excessive amounts of reactive oxygen species 
(ROS). When antioxidant systems fail to neutralize these 
molecules, oxidative damage leads to the destruction of the 
neutrophils themselves. Despite this vulnerability, through 
active cytokine production and phagocytic activity, 
neutrophils provide a highly effective first-line, nonspecific 
defense against infection, often at the expense of their own 
survival. Importantly, the activity of most enzymatic 
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systems and the functional properties of ICC, including 
neutrophils and monocytes, are genetically determined and 
additionally modulated by epigenomic regulatory structures. 
In our study, the leukocyte-to-ESR ratio was significantly 
lower in patients with GG-genotype compared with A-allele 
carriers, indicating the presence of infection-related 
intoxication. Conversely, the increased ratio observed in A-
allele carriers may reflect an additional mechanism 
involving autoimmune-type inflammation. Changes in 
immunological reactivity indices indicate dominant 
activation of nonspecific cellular effector immunity 
(primarily lymphocytic responses) in children with GG-
genotype of HSP70-2 gene (rs1061581), accompanied by 
increased sensitization driven by an allergic component and 
the development of immediate-type hypersensitivity 
associated with humoral immune activation. In contrast, the 
mutant A-allele carriers demonstrated a predominance of 
monocyte-mediated effector mechanisms with a more 
pronounced inflammatory response and less significant 
allergic reaction consistent with delayed-type 
hypersensitivity. These children exhibited reduced cellular 
and immune reactivity and resistance, contributing to a 
higher degree of exogenous intoxication. 

Hematologic markers like NLR, MLR and PLR have 
recently gained attention for their diagnostic and prognostic 
value across numerous infectious (e.g., sepsis, urinary tract 
infections, COVID-19, bacteraemia) and non-infectious 
conditions (e.g., coronary artery disease, liver cirrhosis, 
advanced‐stage cancer, nasal polyposis, chronic 
pancreatitis) [5, 22-28]. 

Studies demonstrate that NLR increases with the severity 
of infections or systemic inflammation and correlates with 
poorer clinical outcomes [10, 11]. In otolaryngology, NLR 
is an important marker used in disorders such as otitis media, 
facial paralysis, sudden sensorineural hearing loss, and head 
and neck cancers [6-9, 29, 30]. However, only limited 
research has evaluated NLR specifically in otitis media [15], 
highlighting the need for further investigation. Therefore, 
the diagnostic relevance of CBC-derived markers in 

infection-related diseases, including AOM, requires 
additional study. 

Conclusions. In children with acute otitis media (AOM), 
the immunological defence pattern varies according to the 
allelic state of the HSP70-2 gene (rs1061581): GG-genotype 
carriers demonstrate higher levels of cellular and 
immunological reactivity and resistance, as well as more 
efficient activation of nonspecific cellular effector immunity 
(particularly lymphocytic responses), compared with mutant 
A-allele carriers. This enhanced cellular response is 
associated with a substantial reduction in the intoxication 
index, indicating more effective physiological apoptosis, 
compensatory cellular protection, the humoral immune 
response development, and increased immunological 
sensitization. 

Most indices of neutrophil reactive response did not 
show genotype-dependent HSP70-2 (rs1061581) 
differences. However, the leukocyte-to-ESR ratio was 
21.12% lower in GG-genotype carriers, reflecting 
intoxication primarily driven by an infectious agent. In 
contrast, a higher ratio in A-allele carriers may suggest an 
additional mechanism involving autoimmune-type 
inflammation. 

Immune protection in children with AOM and the 
mutant A-allele of HSP70-2 gene (rs1061581) is 
predominantly mediated by monocyte-driven effector 
pathways, accompanied by a more pronounced 
inflammatory response, delayed-type hypersensitivity, and 
overall lower cellular and immunological reactivity and 
resistance. These features contribute to a higher level of 
exogenous intoxication. 

Prospects for further research are to study the cellular 
and humoral immunity activity in children with AOM, 
depending on the clinical course severity, age and genetic 
marker HSP70-2 (rs1061581). 
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