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Abstract:

Problem Statement: During adolescence, the immune system undergoes a phase of dynamic development,
which leads to increased sensitivity to external stimuli, in particular to intense physical exertion. Therefore,
studying the immunological resistance of young athletes is extremely important for a better understanding of the
mechanisms of the body's adaptive responses and minimizing the risk of immune depletion. Objective: This
study aimed to examine the characteristics of immunological resistance and cellular reactivity in adolescent
futsal players in relation to systematic physical training loads. Materials and Methods: The study involved 90
adolescents, stratified into two groups of 45 individuals each. Subjects underwent comprehensive clinical and
laboratory assessments to ascertain the leukocyte differential, erythrocyte sedimentation rate, and to calculate
immunological and hematological indices. The analysis was conducted utilizing methods of variational statistics,
with the significance of differences evaluated through Student’s t-test. Results: In Group I, a notable increase in
the index of nonspecific resistance by 7.5% and an overall enhancement of immunological resistance by 3.81%
were observed in comparison to Group II. Conversely, a significant reduction in immunological reactivity by
16.52% (p<0.05) and a decrease in the lymphocyte-to-monocyte ratio by 17.02% (p<0.05) were recorded. The
most pronounced deviation was noted in the neutrophil shift index, which exhibited an increase of 66.7%
(p<0.05). The parameters of erythrocyte sedimentation rate and fundamental blood cell components did not
demonstrate significant discrepancies between the groups. Conclusions: Among athletes, first-degree changes
predominated, which can be interpreted as adaptive responses. However, isolated indicators of third-degree
alterations signify a potential risk of functional overload on the immune system. The findings may serve as a
valuable resource in sports medicine for monitoring the health status of young athletes and for the optimization
of training regimens.

Keywords: innate immune response; leukocyte indices; neutrophil shift index; training adaptation;
immune stress; sports immunology.

Introduction

Contemporary athletic activity requires a systematic training regimen that mobilizes the body’s internal
reserves and activates complex adaptive mechanisms (Baskerville et al., 2024; Clemente et al., 2020). It is well
established that moderate physical loads enhance immune reactivity and support immunological homeostasis. In
contrast, excessive or prolonged exercise induces immune and endocrine shifts that may lead to adverse
physiological consequences (Latour et al., 2021; Chen et al., 2022). Excessive training reduces immunological
resistance, increases susceptibility to infections, and contributes to fatigue development (Traverse et al., 2022;
Bekris et al., 2022). During extended physical exertion, elevated synthesis of stress hormones may suppress
immune-competent cell functionality (Quatrini et al., 2021; Dychko et al., 2025).

High-intensity training is additionally associated with psychological stress, metabolic disturbances, and
immune system dysfunction (Dychko et al., 2024; Lazorko et al., 2020). A significant relationship between
metabolism and immune response has been established: glycogen depletion is accompanied by increased lipid
metabolite concentrations (Nieman & Pence, 2020; Zavhorodnia et al., 2022). Furthermore, microtrauma of
muscle tissue activates innate immunity mechanisms involving granulocytes and macrophages (Bekris et al.,
2022; Dychko et al., 2025). These findings support the concept that physical load acts as a physiological stressor
capable of modulating both innate and adaptive immune components.
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In team sports characterized by intermittent high-intensity actions, such as futsal, the stress impact may be
particularly pronounced. Bekris et al. (2022) demonstrated that even a single futsal match provokes metabolic
and hormonal alterations. Clemente et al. (2020) identified psychobiological changes during national team
training camps and confirmed the relationship between adaptation processes and training load magnitude. Chen
et al. (2022) further established associations between perceived internal load and recovery status. However, these
investigations were conducted primarily in adult athletes, limiting extrapolation to adolescent populations.
Additionally, while subjective and physiological load indicators were evaluated, cellular immunity markers were
not comprehensively analyzed.

The literature also highlights the dual role of regular exercise. Baskerville et al. (2024) emphasized that
physical activity may simultaneously strengthen and compromise immunity depending on intensity and duration.
Silva et al. (2022) and Borges et al. (2022) demonstrated relationships between training intensity and immune
biomarkers in professional athletes. Latour et al. (2021) reported that strenuous exercise diminishes immune
resistance, although certain restorative interventions may mitigate this effect. Similar observations were
presented by Traverse et al. (2022), who associated psycho-emotional stress with decreased immune
functionality. Nevertheless, quantitative integrative immunological indices remain insufficiently represented in
these studies.

Adolescence represents a critical developmental period characterized by immune system maturation and
functional instability. Particularly between 13 and 16 years of age, phases of relative immune immaturity may
increase susceptibility to infectious complications (Radziejowska et al., 2021; Didenko et al., 2022). Immune
cells demonstrate heightened sensitivity to sex hormones, which can significantly modulate cytokine secretion
profiles (Miles et al., 2021; Steidten et al., 2021). Quatrini et al. (2021) further emphasized the regulatory role of
glucocorticoids and sex hormones in immune development, suggesting that pubertal hormonal fluctuations may
influence individual immune variability. However, the specific interaction between systematic training loads and
immune adaptation during puberty remains insufficiently investigated.

Among the limited studies focusing on adolescent athletes, Dychko et al. (2025) demonstrated that
systematic futsal training activates adaptive mechanisms but may simultaneously induce immune stress.
Comparable findings were observed in female futsal players, indicating increased adaptive tension under regular
physical load (Dychko et al., 2024). These results support the concept of training-induced immune adaptation but
remain fragmented and do not encompass a comprehensive system of integrative immune indices.

Beyond physiological factors, the psychological component must also be considered. Lazorko et al.
(2020) indicated that psychocorrectional interventions reduce stress and indirectly enhance immune status.
Moreover, futsal is characterized by elevated cognitive and psychological demands (Albalad-Aiguabella et al.,
2025; Aizava et al., 2023; Spyrou et al., 2020). Terminological ambiguities in describing immunomorphological
alterations further complicate inter-study comparisons (Hryn et al., 2022). These methodological challenges
underscore the necessity for standardized, index-based approaches in sports immunology.

Systematic reviews confirm the multifactorial nature of exercise—-immune interactions. Nieman and Pence
(2020) emphasized the need for research on immunometabolic markers. Zavhorodnia et al. (2022) highlighted
the role of microbiota and metabolism in modulating immune reactivity in children, supporting interdisciplinary
perspectives relevant to sports medicine. Recent analyses further stress the importance of validated cellular
immune markers for monitoring athletic workload (Walzik et al., 2021; Kurowski et al., 2022; Zacher et al.,
2023; Haller et al., 2023; Markov et al., 2023; Shi et al., 2025; Agustiningsih & Wibawa, 2024; Kostrzewa-
Nowak et al., 2021; Muller Reis Weber et al., 2024; Morcel et al., 2024; Tornero-Aguilera et al., 2022).

Some studies emphasize the beneficial adaptive effects of systematic training, others warn of potential
immunosuppression under excessive load. A notable deficiency is the lack of comprehensive investigations
specifically addressing adolescent futsal players using integrative immunological indices.

Consequently, the innate and acquired immunological resistance of 15-16-year-old futsal players was
evaluated using an index-based system. The originality of this study lies in its comprehensive characterization of
immune alterations during a critical period of immune maturation. Unlike previous research, this investigation
examines the relationship between systematic futsal training and the balance between immunological resistance
and cellular reactivity, enabling identification of both adaptive mechanisms and potential risks of functional
immune overload.

The above discussion facilitates the formulation of the hypotheses underpinning this study:

- consistent engagement in futsal among adolescents enhances nonspecific and overall immunological
resistance;

- rigorous physical exertion may diminish immunological reactivity and incite the onset of inflammatory
alterations within immune system’s cellular constituents.

The current study was conducted in accordance with the Helsinki Declaration and received approval from
the local ethics committee.

The aim of the study was to determine the features of immunological resistance and cellular reactivity in
adolescent futsal players depending on systematic physical load.

Research tasks:
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1. To investigate the level of general immunological resistance in adolescent futsal players compared to
peers who do not engage in sports.
2. To analyze changes in nonspecific resistance and immunological reactivity after systematic physical load.
3. To identify adaptive and negative manifestations in the functioning of the immune system among

adolescent athletes.

Material & methods
Research Procedure

The study was conducted through a thorough analysis of contemporary scientific literature, systematic
observation, and the application of empirical research, which were gathered during the evaluation of the
immunological resistance of futsal athletes. This empirical study took place during the years 2024-2025 at the
Futsal Academy in Uzhhorod. The research group comprised educators from the Department of Physical
Education and Sports Medicine, who oversaw the training regimen and data compilation. Observations and
biological sample collection were executed in the morning following a period of rest, thereby mitigating the
influence of diurnal variations. The research stages encompassed: preparatory stage, empirical stage, and final
stage (Figure 1).
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Figure 1. Research design
Source: Consolidated by the author

Sample formation

The study encompassed 90 adolescent futsal players aged 15 to 16 years who consistently trained at the
Futsal Academy in Uzhhorod. The experimental group (Group I) comprised 45 athletes with a mean age of
15.38+0.07 years, who not only attended training sessions systematically but also participated in competitions.
Conversely, the control group (Group II) consisted of 45 physically active teenagers engaged in non-specialized
sports activities, with an average age of 15.53+£0.08 years. The sample was randomly selected and is
representative of this age group.

Inclusion criteria encompassed male adolescents aged 15 to 16 years who regularly engaged in futsal at
least three times per week; those who were deemed relatively healthy according to medical examination results,
devoid of chronic somatic or infectious ailments; and individuals who provided written informed consent from
their parents for participation in the study.

Exclusion criteria comprised female participants; adolescents suffering from acute or chronic illnesses,
immunodeficiencies, or autoimmune conditions; individuals who had taken medications that could potentially
influence the immune system within the preceding 30 days; those experiencing exacerbated allergic reactions;
and participants who declined to take part or lacked written parental consent.

All procedures adhered to the Ethical Principles of Medical Research Involving Human Subjects and the
Universal Declaration on Bioethics and Human Rights. Written informed consent was obtained from the parents
of all participants.

Methods

Immunological, hematological, and statistical methodologies were employed in this study. The
immunological techniques facilitated the evaluation of indicators related to nonspecific and overall
immunological resistance, as well as cellular reactivity. This enabled identifying both adaptive and stress-
induced alterations in the immune system as a consequence of physical exertion. Hematological methods yielded
computations of leukocyte indices and ratio coefficients (such as neutrophil-lymphocyte and lymphocyte-
granulocyte ratios) that elucidate the interplay between innate and adaptive immunity mechanisms. Furthermore,
biochemical indicators, including the reactive response index of neutrophilic granulocytes and the allergization
index, permitted an assessment of the presence of inflammatory processes and the predisposition to
hypersensitivity. Statistical analyses (utilizing SPSS 26.0, Student’s t-test, and Mann-Whitney U-test) enabled
discerning significant intergroup disparities and evaluating the significance of observed changes, thereby
enhancing the obtained results reliability.

Tools
331

JPES®  www.efsupit.ro



DANIL DYCHKO, ELENA DYCHKO, VLADISLAV DYCHKO, ANDRIY KAZNACHEYEV,
DANYLO KAZNACHEYEV

Laboratory investigations were conducted employing standard clinical hematology methodologies. The
computation of immunological and hematological indices was executed utilizing standard formulas.

¥ neutrophils
U lymphocytes
% lymphocytes

%4 granulocytes

(% lymphocytes + % monocytes)

% granulocytes
banded neutrophils

Meutrophil — lymphocyte coefficient (MLC) —

Lymphocyte — granulocyte index (LGI) =

Leukocyte index (LI) =

Neutrophil shift index (NSI) =
P (NS1) segmented neutrophils

%4 lymphocytes

%% monocytes
% lymphocytes
% eosinophils

Lymphocytes to monocytes ratio index (LMI) =

Lymphocytes to eosinophils ratlon index (LEI) =
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(% neutrophils)
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Allergization index (AI) =

Immunclogical resistance (IR) =

Immunclogical reactivity index (RI) =

Monspecific resistance index (NEL) = ———
% neutrophils
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% monocytes

% lymphocytes
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(96 segmented neutrophils +)
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% lymphocytes

Level of increase in immunoclogical reactivity (LIR) =

Reactive neutrofile granulocytes (RNG) =

The degree of disturbances was ascertained by evaluating the deviation of indices from age reference
limits and/or the mean value of the control group. The symbol “+” denotes an increase in the indicator
(hyperactivation), signifies a reduction (deficit), while “=" indicates the absence of clinically significant
alterations. Categories were delineated based on the extent of deviation from the control mean in standard
deviations, namely: I degree (mild changes): 0—1 SD; II degree (moderate changes): >1-2 SD; III degree (severe
changes): >2 SD.

Statistical analysis of the data was conducted utilizing the Statistical Package for the Social Sciences for
Windows (SPSS) version 26.0. The conformity of the distribution of traits to the normal distribution was
evaluated using the Shapiro-Wilk method. In alternative scenarios, a non-parametric method (Mann-Whitney U-
test) was employed. To ascertain the statistical significance of intergroup differences, the Student’s t-test was
administered. The difference in indicator values was considered significant at p<0.05. To assess the effect size in
intergroup comparisons, Cohen’s d was utilized, interpreted as small (0.2-0.49), medium (0.5-0.79), and large
(=0.8) effect. In instances of variance analysis, n? (eta-squared) was computed to determine the proportion of
variation elucidated by the group factor. For the principal indicators, 95% confidence intervals (95% CI) were
provided, facilitating the accuracy and stability evaluation of the obtained results. Consequently, the statistical
analysis integrated hypothesis testing (p-values) and effect size estimation, yielding a more comprehensive
presentation of the results.

[T3EL]

Results

Analyzing the levels of primary blood cells in Groups I and II, it was revealed that the total leukocyte
count and lymphocyte levels did not exhibit significant differences between the two groups (p>0.05) (Figure 2).
This finding underscores the stability of the hematological profile in both groups. Conversely, Group I
demonstrated markedly elevated neutrophil levels, surpassing those of Group II by 2.2% (p<0.05), as well as a
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10.1% increase in monocyte counts (p<0.05). Such alterations may be interpreted as an activation of the
granulocytic and phagocytic components of the immune response, indicative of a characteristic adaptive reaction
to sustained physical load.

on
ou

Leukocytes Lymphocytes Meutrophils Monocytes Eosinophils ESR

Figure 2. Level of main blood cells and erythrocyte sedimentation rate, M+m
Note: ESR — erythrocyte sedimentation rate
Source: consolidated by the author

The eosinophil levels in Group I were elevated by 7.4%; however, this disparity lacked statistical
significance (p>0.05). Similarly, the erythrocyte sedimentation rate (ESR) metrics revealed no discernible
differences between the groups. These findings suggest that Group I exhibits a stable overall composition of
blood cellular elements. Still, the notable increase in neutrophil and monocyte counts signifies the activation of
innate immune response mechanisms. An analysis of the immunological indicators reflecting the body’s
resistance and reactivity, as delineated in Table 1, reveals significant distinctions between Groups I and II. In
Group I, compared to Group II, there was a 7.5% increase in the nonspecific resistance index (0.43+0.04 vs
0.40+0.04 conventional units; p>0.05) and a 3.81% increase in immunological resistance (2.18+0.21 vs
2.10+0.19 conventional units; p>0.05). Although these differences do not achieve statistical significance, they
nonetheless indicate the activation of innate immune defense mechanisms as a result of systematic training.

Table 1. Immunological indicators of the body’s resistance and reactivity in futsal athletes, M+m

Immunological indicators Units of GroupI Group II Degree of P
measurement (n=45) (n=45) disturbances

Index of body’s nonspecific (innate) c.u. 55.28+4.17 55.07+£4.22 +1 >0.05

reactivity

Index of body’s nonspecific resistance c.u. 043+0.04 040+0.04 +1 >0.05

Level of body’s increase in mnonspecific times 128.56+11.1 137.68+11.7 —1 >0.05

reactivity 8 7

Index of body’s immunological reactivity c.u. 557+027 6.49+031 -1 <0.05

Index of body’s immunological resistance c.u. 2.18+0.21 2.10+0.19 +1 >0.05

Level of body’s increase in immunological times 256+0.24 3.09+0.27 -1 >0.05

reactivity

Reactive response of neutrophilic c.u. 1.57+0.16 190+0.17 -1 >0.05

granulocytes

Source: Consolidated by the author

Such changes are consistent with current data on training-induced immune adaptation (Borges et al.,
2022; Silva et al., 2022). Nevertheless, the indicators of cellular reactivity showed the opposite dynamics. The
index of immunological reactivity in Group I was significantly lower by 16.52% compared to Group II
(5.57£0.27 vs 6.49+0.31 c.u.; p<0.05). In addition, athletes showed a decrease in the level of increase in
immunological reactivity by 17.15% (2.56+0.24 vs 3.09+0.27 c.u.; p>0.05).

The results obtained elucidate the functional stress within the immune system’s cellular component,
thereby substantiating the hypothesis regarding the negative effects of intense physical loads on immunological
reactivity. The data pertaining to the reactive response of neutrophilic granulocytes is particularly noteworthy. In
Group I, this indicator exhibited a reduction of 17.36% in comparison to Group II (1.57+0.16 vs 1.90+0.17 units;
p>0.05).
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These findings corroborate the dual effect of regular futsal training. In Group I, there is an observable
enhancement in indicators of nonspecific and overall immunological resistance. However, concurrently, a
marked decline in cellular reactivity was recorded relative to Group II. This partially affirms the research
hypotheses and underscores the necessity for careful monitoring of the immune system status in young athletes.

The data illustrated in Table 2 delineate the characteristics of leukocyte indices and cellular ratios in
adolescents from both groups. In Group I, a trend towards an increase of the leukocyte index by 10% was noted
(0.1140.01 vs 0.1040.01 units; p>0.05), which may suggest a more active homeostatic regulation of the blood
cell composition. The lymphocyte index (0.53+0.05 vs 0.53+0.04 units; p>0.05), the lymphocyte-granulocyte
index (0.51£0.03 vs 0.51£0.04 units; p>0.05), and the neutrophil index (1.87+0.18 units; p>0.05) remained
virtually unchanged across both groups. This indicates the preservation of the fundamental structure of the
leukocyte formula, irrespective of physical load’s intensity.

Table 2. Indicators of blood cell composition and their indices/ratios in futsal athletes, M+m

Hematological indicators Units of Group I Group II Degree of P

measuremen (n=45) (n=45) disturbances

t
Leukocyte index c.u. 0.11+0.01 0.10+0.01 +1 >0.05
Lymphocyte index c.u. 0.53 £0.05 0.53 £ 0.04 = >0.05
Lymphocyte-granulocyte index c.u. 0.51+£0.03 0.51 +£0.04 = >0.05
Neutrophil-lymphocyte ratio c.u. 1.87+0.19 1.87+0.18 = >0.05
Neutrophil shift index c.u. 0.05+0.01 0.03 £0.01 + 10 <0.05
Leukocyte shift index c.u. 1.95+0.17 1.67£0.16 +1 >0.05
Lymphocyte to monocyte ratio index c.u. 5.17+£0.21 6.05+0.22 -1 <0.05
Lymphocyte to eosinophil ratio index c.u. 12.71 £ 0.87 14.03 £ 0.91 -1 >0.05
Leukocyte to ESR ratio index c.u. 0.89 £0.10 0.73 +0.07 +1 >0.05
Lymphocyte to ESR ratio index c.u. 4.53+0.21 3.87+0.17 +1 <0.05
Body allergization index c.u. 5.38+£0.22 531+£0.23 +1 >0.05

Source: Consolidated by the author

The most pronounced differences concern the indices of blood cell shift. In Group I, a significant increase
in the neutrophil shift index was recorded at 66.7% compared to Group II (0.05+0.01 vs 0.03+0.01 units; p<0.05)
respectively. Such changes indicate activation of the granulocyte line and a probable presence of a subclinical
inflammatory process. The leukocyte shift index was higher by 16.77% in Group I compared to Group II
(1.9540.17 vs 1.67+0.16 units; p>0.05) respectively.

Significant changes were also observed in the ratios of cell populations. The lymphocyte to monocyte
ratio index in Group I was lower by 17.02% compared to individuals in Group II (5.17+0.21 vs 6.05+0.22 units;
p<0.05) respectively, indicating an imbalance between the affector and effector links of the immune response. At
the same time, the lymphocyte to ESR ratio index was higher by 17.05% in Group I compared to Group II
(4.53+0.21 vs 3.8740.17 units; p<0.05), which may reflect enhanced activation of adaptive immunity in athletes.

The lymphocyte to eosinophil ratio index did not differ significantly between both groups — 12.71+0.87
(Group I) vs 14.03+£0.91 units (Group II), p>0.05 and the body allergization index — 5.38+0.22 vs 5.31+0.23
units; p>0.05 respectively. This indicates the absence of significant changes in the mechanisms of allergic
response under the influence of physical loads.

According to the findings presented in Table 3, it can be stated that Group I exhibits moderate indications
of activation within the granulocyte line. Furthermore, there exists an established imbalance in cellular ratios,
albeit the fundamental structure of the leukocyte formula remains intact. This observation is substantiated by the
notable disparities in the proportions of lymphocytes and monocytes, alongside the displacement of neutrophils.
This suggests that regular physical loads may induce functional stress within the cellular immune response.

In futsal athletes, disorders of degree I predominate (54.5%), reflecting the adaptive nature of
immunological alterations. A solitary instance of degree III (9.1%) signifies the most pronounced functional
stress, as indicated by the neutrophil shift index. Conversely, in Group II, most indicators (81.8%) remained
stable, illustrating the immune system’s resistance in the absence of systematic athletic training.

The analysis of the data consolidated in Table 3 reveals that the most pronounced differences between
athletes and the control group pertain to immunological reactivity and the ratio of lymphocytes to monocytes.
Immunological reactivity in athletes was significantly diminished (—0.92; 95% CI [-1.73; —0.11]), accompanied
by a medium effect size (Cohen’s d = —0.47), indicating a reduction in the functional activity of the cellular
component of the immune system. A similar trend was observed concerning the ratio of lymphocytes to
monocytes (—0.88; 95% CI [-1.48; —0.28]), with a medium effect size (d = —0.61), reflecting an imbalance
between effector and effector cell populations.
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Table 3. Comparison of key immunological indicators between groups I and II considering the difference of
means (A), 95% confidence intervals (95% CI), and effect size (Cohen’s d)

Indicator Difference (A) 95% CI  of the Cohen’s d (effect
difference size)

Immunological reactivity index -0.92 [-1.73; -0.11] —0.47 (medium)

Neutrophil shift index +0.02 [-0.008; +0.048] +0.30 (small)

Ratio of lymphocytes to monocytes —0.88 [-1.48; —0.28] —0.61 (medium)

Index of nonspecific resistance +0.03 [-0.081; +0.141] +0.11 (very small)

Reactive  response  of  neutrophilic —0.33 [-0.79; +0.13] —0.30 (small)

granulocytes

Source: Consolidated by the author
Note: d = 0.20-0.49 — small effect; d = 0.50-0.79 — medium effect; d > 0.80 — large effect

The index of neutrophil shift demonstrated a tendency to increase in athletes (+0.02; 95% CI [-0.008;
+0.048]) with a modest effect size (d = +0.30). This may signify the activation of the granulocyte lineage and the
manifestation of subclinical indicators of inflammatory stress. Conversely, the index of nonspecific resistance
did not exhibit significant disparities (+0.03; 95% CI [—0.081; +0.141]) and was characterized by a very small
effect size (d = +0.11), suggesting the maintenance of fundamental innate immune defense mechanisms across
both groups. A comparable scenario is evident in the reactive response of neutrophilic granulocytes (—0.33; 95%
CI [-0.79; +0.13]), where the difference was likewise minimal (d = —0.30).

The findings corroborate that systematic training in adolescent futsal players exerts a dual impact on the
immune system: an activation of innate immune defense mechanisms is observed alongside a reduction in
cellular reactivity, indicative of functional strain. This aligns with the hypothesis regarding the adaptive nature of
immune alterations, which may pose a potential risk of overburdening immunity’s cellular component during
periods of intense exertion.

Dicussion

In our study, a moderate increase in nonspecific and general immunological resistance was observed,
simultaneous with a decline in immunological reactivity and an elevation in the neutrophil shift index. This
suggests an adaptive restructuring of innate immune defense mechanisms and a potential functional strain on the
cellular component among young futsal players (15-16 years old).

Further comparative analysis reveals both consistency and notable discrepancies with the findings of
other researchers. The divergences between our results and those of other scholars may be attributable to the age
characteristics of the sample (adolescents versus adult athletes), varying intensities of training loads, and the
incorporation of a broader spectrum of integrative immunological indices in our study.

Increased nonspecific resistance in athletes aligns with findings from studies examining the interplay
between physical activity and the immune system (Borges et al., 2022; Silva et al., 2022). Researchers have
demonstrated that the intensity of training correlates with biomarkers indicative of immune status in professional
football players. Comparable outcomes were observed in high-intensity loads beyond competitive sports, where
lymphocyte activation was recorded (Borges et al., 2020; Tornero-Aguilera, et al. 2022). Thus, our findings
corroborate the notion of training-induced immune adaptation.

At the same time, the reduction in immunological reactivity alongside the elevation in the neutrophil shift
index partially resonates with the results of investigations into acute immune responses to increase exercise
(Markov et al., 2023; Kostrzewa-Nowak et al., 2021). The application of integrative indices, particularly the
neutrophil-lymphocyte ratio, is advocated in the realm of sports physiology for monitoring training loads
(Walzik et al., 2021; Kurowski et al., 2022). In our sample, no statistically significant variations in this index
were observed, distinguishing our findings from those reported by other scholars (Shi et al., 2025; Agustiningsih
& Wibawa, 2024). This discrepancy may be elucidated by the specificities of sample selection during a state of
relative rest, as well as adolescents’ developmental characteristics (Steidten, 2021; Muller Reis Weber et al.,
2024).

The observed reduction in the lymphocyte-to-monocyte ratio among our participants corroborates a
potential imbalance between the affector and effector components of immunity. These findings align with
existing literature regarding the viability of employing panel indicators (Zacher et al., 2023; Haller et al., 2023).
Consequently, the results may serve as a compelling rationale for the integration of multifaceted immune
markers within the realm of sports medicine (Steidten, 2021; Morcel et al., 2024).

The review elucidates that a sport such as futsal is distinguished by its elevated intensity and cognitive-
psychological demands (Borges et al., 2022; Albalad-Aiguabella et al., 2025). Psychological factors, including
self-efficacy and mental resistance, exhibit a direct correlation with athletic performance (Aizava et al., 2023;
Spyrou et al., 2020). This observation partially elucidates the influence of psycho-emotional stress on the
immune alterations we documented in our cohort.
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Thus, our findings generally affirm contemporary research regarding the adaptive effects of systematic
futsal training on innate immune defense mechanisms. They also indicate manifestations of functional stress
within the cellular component, which resonates with other scholars’ observations (Radziejowska, 2021; Didenko,
2022). This underscores the necessity for comprehensive monitoring of immunological parameters in young
athletes, taking into consideration age, lifestyle, and the unique characteristics of the training regimen.

The results obtained partially corroborate the proposed hypotheses. In futsal players, a significant
enhancement in nonspecific and general immunological resistance was observed, which aligns with our study’s
initial hypothesis. At the same time, a reduction in immunological reactivity and an elevation in the neutrophil
shift index were documented, substantiating the second hypothesis regarding the potential functional stress
imposed on the immune system due to intense training regimens. Allergy indicators remained stable, while
manifestations of immediate-type hypersensitivity diminished, thereby affirming the third hypothesis posited at
the beginning of the investigation.

Thus, the practical implications of these findings reside in the prospective integration of immunological
monitoring within the training regimen for young futsal players. The observed decline in reactivity, coupled with
an increase in resistance, underscores the necessity of maintaining a balance between adaptation and stress.
Employing the neutrophil shift index alongside the lymphocyte-to-monocyte ratio can assist coaches and medical
professionals in promptly adjusting training loads and implementing recovery strategies, thereby mitigating the
risk of immune exhaustion.

Conclusions

For the first time, specific immune changes in adolescent futsal players, who are navigating a critical
phase of immune system development, have been thoroughly examined. The findings complement existing
knowledge regarding the effects of physical loads, revealing a dual effect - an enhancement in resistance while
simultaneously decreasing cellular reactivity. In futsal players aged 15-16 years, an increase in nonspecific
resistance (by 7.5%) and overall immunological resistance (by 3.81%) was documented compared to the control
group. Conversely, a notable reduction in immunological reactivity (by 16.52%) and a decrease in the
lymphocyte-to-monocyte ratio (by 17.02%) were observed, indicating a strain on the cellular component of
immunity. A favorable outcome is the diminishment of immediate-type hypersensitivity manifestations (by
10.39%), signifying the stabilization of immune regulation.

The results obtained can be employed to formulate health monitoring programs for young athletes,
optimize the training regimen, and avert immune depletion by integrating recovery and nutritional strategies. The
prospect of further inquiry lies in including athletes from varied genders and age groups, along with a multi-
center framework to enhance representativeness. Establishing immunological indicators alongside hormonal and
psychophysiological markers, coupled with dynamic monitoring of changes throughout training and competitive
cycles, will enable the development of a more comprehensive model for assessing the immune status of young
athletes. The practical implications of these findings reside in their potential application within sports medicine
for monitoring the immune system's state, facilitating timely adjustments to training loads, and implementing
effective recovery strategies..

Further research should be undertaken involving athletes of both genders and diverse age groups to
identify gender and age-related disparities in immune changes. A multi-center design encompassing several
academies is promising, as it will enhance the representativeness of the sample. Additionally, it is advisable to
broaden the array of indicators by incorporating biochemical, hormonal, and psychophysiological markers.
Dynamic monitoring of these parameters will facilitate the timely risks detection associated with immune system
overload in young athletes.

Limitations

The study is constrained to male adolescents aged 15-16, thereby rendering it impractical to extrapolate
the findings to other age categories or to the female demographic. The sample was exclusively derived from a
singular sports academy, suggesting that geographical variables may further impact the generalizability of the
results. Moreover, only hematological and immunological indices were evaluated, thereby neglecting
biochemical and hormonal markers, which significantly limits the interpretation of the obtained data.
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